1 DESCRI PTI ON FI LM DEPGCSI TI ON SYSTEM 5 TECHNI CAL FI ELD The present
invention relates to a fil mdeposition system for depositing a thin film
on an object to be processed, such as a sem conductor wafer. BACKGROUND
ART 1o Cenerally, in a sem conductor integrated circuit fabricating

met hod, various processes such as a filmdeposition process, an oxidation
di ffusi on process and an etchi ng procegscrigginipe repeated to a

sem conductor wafer as an object to be processed. A conventional
single-wafer filmdeposition system 15 will be briefly described with
reference to Figs. 7 and 8. Fig.pr7rk pcsahennt sesvingw of the conventi onal
single-wafer film deposition system and Fig. 8 is an enlarged view of a
portion of Fig. 7. The filmdeposition system?2 has a cylindrical
processingsvessel 4 qpeyingap Bettem wal | provided wth exhaust 20 ports 6,

t hr ough whi ch gases ont ai ned i,n the, processing ves 4 can be evacuated
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is nounted on an ugger ) (if ace, | a support surface, of the stage 10.
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? 25 A gui de A*n@ ‘bc?%r‘@s‘?rsectl on resenbling an inverted letter
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facing the st in or foIntro one or nore n cessary
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filmcan be depos t#dh@Rmatic view of the conventional single-wafer film
deposition system, and Fig. 8 is an enlarged view of a portion

of Fig. 7. The film deposition system 2 has a cylindrical
processing vessel 4 having a bottom wall provided with exhaust

20 ports 6, through which gases contained in the processing vessel
4 can be evacuated to a vacuum state. Astage 10 including a heater
8 is placed in the processing vessel 4. A semiconductor wafer
W as an object to be processed is mounted on an upper surface,
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 Won 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



2 a surface of the wafer Wby making the depositing gas supplied through
the showerhead 16 into the processing vessel 4 react in the processing
vessel 4. The guide ring 12 is fitted on the upper peripheral part 5 of
the stage 10 with a high di nensional accuracy. However, as shown
mcroscopically in Fig. 9, a lower surface 12A of the guide ring 12 nmust be
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During a fil ma@@obbgglﬁ?og&@@da@ shown in Fig. 9, while a desired film
20 i s deposited on the surface of the wafer W unnecessary filns 22 and 24
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in Fig. 10 vasepbbatned fhen sTifd The
present inventi gn has bgen mad 2 togfg% ﬁ?e\?]th%%%l {/ﬁ%exoglmfesre\ﬁ/m%i)
region of the gap 18 that peak portlons 22A and 24A having greater

thicknesses may be generated. For example, when a desired
thickness of the film 20 on the surface of the wafer W is on the
20 order of 500 I'i, it is possible that each thickness of the peak
portions 22A and 24A is on the order of 1000 A. That is, at the
peak portions 22A and 24A, a deposition rate may be about twice
that at which the film 20 is deposited.
| The peak portions 22A and 24A may come off while the film
( 25 deposition process to the wafer W is repeated. Thus, it is
possible that the number of particles sharply increases. Fig.
10 is a graph showing a relationship between the number of
processed wafers and the number of particles. As shown in Fig.
10, the number of particles (not smaller than 0.2 um) 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 film 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



the aforesaid problem Accordingly, it is an object of the present
invention to provide a fil mdeposition system capable 3 of suppressing the
emanation of particles even if a film deposition process is repeated.

DI SCLOSURE OF THE I NVENTION 5 The inventorg of the present invention nade
earnest studies of the deposition of a filmon the guide ring, and found

that there isof pephkrasd iy othd khhiadepPsbll Qxitatkecuherea pari 3ﬂllm
pressure of aé:ij 03|t|ng (source) gas is Iovver than a certain |evel

Ther ef or e, @BnPBPC$%$t$%Iré’§e@5ﬁ* e suppressed 1 o if the gw de
ring has a part of a shape wherein the partial pressure of the depositing
gas is |l ower and which makes it dlfflcult for a deposited filmto cone
off. ° This invention is a fil¥d=dd&s S-St 1 R Udi ng: a processing
vessel capable of bemfwl@wmwse@lftﬁe@ﬁke@eat\iwﬂmoﬂ%aheeéa%&,stasﬂcﬁ%

pl aced in the vessel ,_capabl e of supporting an object to be
processed therdgctr)(r?f‘cn ﬁﬁp sghioR ¢f r?gflﬂymai?@dt’@)% ‘i’ﬂldz?oé\}@% h@nét%@%diha?é‘— to

surround an ouiieire ¢hrg ek @Atee ff bhei DR RGosti®iBR PlOcessed AQPHHadon
t he st age, ca};ﬁ:abl e _of qui dl%gothe obj ect to be processed onto the stage
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part of a,lo ace of. t uide rin surface of the
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upper and | om::f wateldqws‘jangsg desiid dgweheaphrihichenalgendratii oni iy &atd ng

space but not i of an entrance (inside) edge of the guide
i ng. when thé sialpyagl %‘g gbngYu 768§ Ogﬁm ciently great as conpared with

CkNESs
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defining the article generation preventing ace do no her,
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be remarkably Rrevent ed Eve
aced 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 when

20 mounting 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.

Thus, peak portions (ridges) of unnecessary films are

@1 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 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



3 5 the deposited filns cone 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 4 off of the
deposited filnms nmay happen at a | ocation ogher than the vicinity of the
entrance edge of the particle generation preventing space. Preferably, the

particle generaff @t phevashd&PFemBagay hapdedl §hta ofoRABh BtBefM0RN
above. Preferagcl ,_the particle generation préventing space is a thin
annul ar space. “Noretprefdr Q51 Fhet ARtEes Gy efertdie ALt pris catn e Eivace
has a radi al c@m@iﬂmgogpa@@ut 2 mm or above. Preferably, the particle
generation preventi %s ace is to defined by the flat upper surface of the
stage and a step-|i KeFehHIEEdgedtiR PAEEACE BremeLat ioRen TRt i PRREE dfast he

gui de rings Ald efenafhitvelfy abblit S0 | D@D broBbbsed fil m deposition system (

i ncl udi ng: a processi ng_vessel ca%abl e of being evacuated to nmake a vacuum
therein; a stage pl a%‘é%&irﬁ He bRrodadiifdeyasaeratipameyenrting spanfris ng
an obj ect to betpiocesserh: Bpreen,; rond Sr&tAANING th RohrYRRAr &b n

above the stage, capable of pressin n fixing an outer peripheral part
of the object gﬁfoevl? gcBBE haﬁbﬁn‘?aéﬁ‘agnd%‘ﬁ%n%%%é’:f MRereih TR pRANHE

generation preventi rRrefpradayi stfﬁ@r}_:smil@gtemg@ﬂe@@tidm%;rep@htmgrs'ag%ad@rits of
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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

(lﬁ 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



on the surface of the object to be processed, since the coming off of the
deposited filns nmay happen at a |ocation other than 35 the vicinity of the
entrance edge of the particle generation preventing space. In the case
too, preferably, the particle generation 55 preventing space has a

t hi ckness of about 0.2 mmor above. In addition, preferably, the particle
generation preyeftditdngPapscelfad d t&h’icﬁﬁ@é‘é%f [Bl%(ag ONerﬁm et %568' t he
particle generﬁl on preventi space radical di mehsi on of about 2 5
mm or above fyl;"r?ﬁ%r"&g]r % €he @@W‘exceita gANEr @vEm |pmgvspamng|@ace
defined by theid | at upnper agprisce spbckhe s ed

sphbhe shape ngggf@rgggp LhE 1849238

portion fornmed at the | ower surface of th ing rin

DESCRI PTI ON O SHISE 450_7 RESVEM lnd spacse BaRepuradiali emehsaohi dfnatepdsizt i ng
system acsordim@®xt @apble,present invention; Fig. 2 is an enlarged sectional
view of apart of the stage _and a part of t he guide ring showmn in Fig. 1,
15 Fig. 3 is an enl dGeGrebeyy OH%F‘F RAWCIE geparatinn preEventingispacstiat

where filns ardéﬂ_iel@asbye@he Hi1Gt ﬂppéras&rlza;% BROV DG4, ehﬁ&' Qmspo BgLween

flow rates Ti as a_source fllmde0|t|on rates on the

stage; Fig. §%C§S§eagp£ﬁ 1SRV Bﬁd@w@ﬂf Q%Wrm%thmdﬁmmnglreslgzo

(0.2 damor greater) when one hundred wafers were processed by a film

deposi ti op, process; Fig. 6 1s a scherratl c viewof a fil m depositing system

in another embodi ment accdrhbigPESCRABLEAN QB IHEPRANINGS Fig. 7 is a

schematic vi ew of amgnvenﬁsoaaéclﬁedxmﬂﬁmw b@Na FilRkdSySd fMnd Sg’stém' S
o}

an enl arged v p. rt of Fi is an enl arged Vi ew apart
of the film de%\gm9 J“g é a%gﬁn‘% }ﬁV%{l’@mH]r and Fig. 10 is a graph

showi ng a relations rﬁ'ilg bfétmmn ehhergemctlaﬁamfvwwoﬁﬁ Eﬁﬁrﬂ\@ffefﬁe ardgthe
number of parghgl 85, BESe %gﬁ%ecéﬂ?w S %Mnﬂg‘ﬁgl NY

15 Fig. 3 is an enlarged sectional view of a part A in Fig.
2 in a state where films are deposited;

f

Fig. 4 is a graph showing a relationship between flow rates
of TiCl, gas as a source gas and film deposition rates on the stage;
Fig. 5 is a graph showing a change of the number of particles

20 (0.2 um or greater) when one hundred wafers were processed by
a film deposition process;

Fig. 6 is a schematic view of a film depositing system in
another embodiment according to the present invention ;
- Fig. 7 is a schematic viewof 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
system shown in Fig. 7; and
Fig. 10 is a graph showing a relationship between the number
30  of processed wafers and the number of particles.

BEST MODE FOR CARRYING QUT THE INVENTION
An embodiment of a £ilm 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



An enbodi nent of a filmdeposition systemaccording to the present
invention will be described with reference to the 35 acconpanying
drawings. Fig. 1 is a schematic view of a filmdepositing system according
to the present invention, Fig. 2 is an enl@arged 6 sectional view of a part
of the stage and a part of the guide ring shown in Fig. 1, and Fig 3is

an enl arged segddwiraklviewy of fanaht Afi BnEi St PaShate are
deposited. The | fil gédeppm tion gﬁr;stem in the 8‘eg?rﬁ)o 5 P ﬁﬁ\flbe d LJ(';Lrl bed

as 5 applied tolifeSOSVRi Hy FBor N/f fRehEFiRef &r ﬁﬁn@nteéllﬁr@gi &e@blcsnala ViLeWm

deposi tion sysi®em grdas inar &y '2”%'&%'1::3%0@91?@& B9 14ES5Fd d%%o’%&@@gm ThkOr
exanpl e, alum num or the |ike. ports 34 are set uprig on a bottom
wal | of the p&g&éépﬁal%%%ew%t?m ADCHIE nemhecimedttayé L3 6baadrs @iribadons

exanmpl e, 19 Ald‘g)plieauwoaé@gm@% gyRperis, 34. Aresistance-heater 38 is
enbedded in the sta sem conductor wafer Was an object to be

e 36
processed, which ha%%@éﬁlﬁgﬁ%glaﬁ a §8pbopt Lkt fgpesit Sgn syFtena3 G hage 36

i .e. the uppera éjdliraﬁﬂ_dafl brEcSSAGR) o481 3 adRRLeSE | eobehepned Anthiny
mai nt ai ned at g{le etermned 15 tenperature. The stage 36°is provid 3

with, for exar?d:I e VBIRRYES 3t RTGuRt BIPRIEBE RN 20Dy Wﬁ\l/é ®f theem

are shown in Frgcedping biebbel 3pi.ns 471 hat kG 1hasR e neimRak b¥ , ol &ednpied,y
connect ed ‘} Agarsqrgport shaft 44 are inserted in the pin- hol'es 40,
respecti ve S&FH SRaft® #HPPeriRris - caZI‘*IISFSrﬁﬁFéBP? BRebREH 1s

t hrough a holeelbeﬁdEdlmfmematage Bbe lmtzispn&wérﬂlc@fndﬁllatoﬁrﬁ&ﬁéﬁlmgasvﬁﬁse|
32 and t hat t| | seal ows 46. en th support shaft
44 is noved vgr fg%a yg% V\r/éggsf Hg‘gvﬁ be‘?thilaF? Oé‘raﬁ‘luﬁgoﬁﬁ SB’rrgf"’éEt
Upward (or di S&ppeéiryhée rajmgmeBGsupportheju@&rsuntr&aee%ﬁ tifie tdtacpd 3geis6 to
lift up the il rocessing vessel. 32 faci

the stage 3\8%P§£)p¥%w ed%\%t %he %”h%'lrf% odgh Hnikss (,?rB‘rmearore
necessarylfgasé§mpﬁ3é@w€hg one or m)re depositing (source) gases are

supplied into the PrAEeSSIfa0sYaSSEorRied e RLGB B imAb IBRESe AFYALY
the source gases suppliediinto th
through pin-holes 40 (only two of them are shown in Fig. 1).

Lifter pins 42 having base end parts collectively connected to
a support shaft 44 are inserted in the pin-holes 40, respectively.
20  The support shaft 44 is vertically movably extended through a
hole that is formed in the bottom wall of the processing vessel
32 and that is hermetically sealed by a bellows 46. When the
support shaft 44 is moved vertically upward (or downward), the
lifter pins 42 project upward (or disappear) from the support
( 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
more necessary gases including one or 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 $ through
jetting holes 48 formed in a lower wall (jetting 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



46 are adapted to be jetted into a processing space S through jetting
holes 48 forned in a lower wall (jetting surface) of the showerhead 46.
The processing vessel 32 is provided with a gate valve 50, which is opened
and cl osed when carrying a wafer Winto 357and carrying the sane out of the
processi ng vessel 32. Exhaust ports 52 are formed in peripheral parts of

the bottom waldn ekhatée s@vrs%ﬁsg%dm&é@%ﬂh 32yachitfn BB tRONti%e22 *1%%
connected to an exhaust system provided with a vacuum punp or the lik

Thus, the pr ﬁrﬁ&e\?éégaV%%S%@%&aévé&ﬁf@@u%eé @eaepé@cﬁﬁmmed
pressure. A guyéesiireg 54, which has a feature of the present 5 invention,

IS put on an upper perl‘glheral rep;;]trt of the stage 36. Mdire concretely, the
gui de ring 54 has act desckinh 24 avihabehas cdedbriHgCanti e tRIFSELt er

L, is forned ofnvenegban s r@terolnabn uﬁ;lb@f' iphgEh1 Parye 2hal #6s5ge @r@;d i's
fitted closely on the u %) gerltgger art of the stage 36. The quide
ring 54 has a%%edgme%r S b6l Shar s areSHRearipat s&hape
extending in ws@mbglmgtam ﬁ.fi@eﬁt’@cﬂ)%ttéklrﬂ age r3eMelioft Bacitaade b andia
vertical part tact with the side su rface of the stage 36. An

i nner circunf éllc ’h%r HOREEG Sspra?‘{’d% iféuf%cbé’llé’éeélﬁvﬁﬁv’é}ﬂ@ ué’rﬁ’&r
t owar d a cent q:’erdbhblﬁels}b@ge o¥bthe é@ide 36t amfeegugaedﬁmglrsfa;aﬁgslé

Thus, Iovverl orted ont e lif t he
waf er Wo the“éﬁ%%%‘ﬁf g@ar"‘?hd%\é‘ a hqriggotra Pﬁrtaééﬁﬁp‘?f} g %rﬁaégﬁie t he
wafer W the guw deessupaoe: 6Rrcareesss of hﬂep@ﬁa@e?‘fmarﬂ raove@tléeﬂe p&gfgir w
and guides th e a.correct. position on.the s sur ace .

20 An annul are5 \A?&lo%?%%r iw()lrtf%GEflﬁa%Cﬁ SRCEABE SRR F‘ggg HES s
(‘see Figs. 2 andc8pfesefioe wetithe lwrlzmmalpparmﬁéras tag_mﬂecbﬁommeaﬁcbmﬁ
surface of th% W&EHZQ"B te%agt é@e% eBngcfl%géTrn: ggtta% %d59 hus fta

i nner peri pheral part o or T Zont: par a particr
gener at i ob® pr &PentFny sphes BWRSLTHRR] wgfear SWnapEpoftad\ﬁaT yhﬁhlnftem@l\mt h a

Cross sectionnessihbi My thdeEOPIRbe £RE! o‘i% ' §u£‘ é@%s%et WeElh Al ggder

surface 56A of the part. 56 and the support ace A of "t'he”stage
Di mensi ons of & Be3Etitals ewrPr He theseatiarel, Wl%yléﬁ sund@as 60qarrects

reference to khg pdsifichsl anger 3henwegsran W@l quides the wafer W to
a correct position on the support surface 36A.

20 An annular cut-off portion 62 having a substantially fixed
thickness (see Figs. 2 and 3) is formed at an inner peripheral
part of the lower surface of the horizontal part 56 of the guide
ring body 59. Thus, the inner peripheral part of the horizontal
part 56 is thin, and a particle generation preventing space 64

{ 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 cuter

30  edge of the wafer W mounted at the correct position and an inside
edge of the horizontal part 56 of the gquide 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



30 edge of the wafer Wnounted at the correct position and an inside edge
of the horizontal part 56 of the guide ring 54 is in arange of 0.5to 1.5
nm for exanple, on the order of 1 nm regardless of a dinmension of the
di aneter of the wafer W A thickness L4 og the horizontal part 56 is in a
range of 1.5 to 3 nm for exanple, 35 on the order of 2 nm A height of the
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preventing space nm Oor above,” for exarrp on t rder
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space 64, i.e., L6/L5 'is set to be 10 or dbove. The thi'ckness 0.
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filmdepositi qnsmsst e S5 apPbkedo [ abble . t @HeXBAPERReSEROS! fin NG @,5THN
(titani um ni t;ﬁ’;’g? filmwll be described. A sem conductor wafer Wis

carried onto Sﬁ@g@;@%ﬁyb@qual theé Lipterdeptis o maghdniAg- opened gat e
val ve 50. The |iter meNspedek @reof MR mededds FaWAL s eemabefppdiea tde for
support syrface 36A 15 of the stage 36. If there s a 05|%10nal gor
Che et er Ly EERARer SFPGEAENu BT GEa 66F TR bt bR gt I VL LG SBn
t he peripher alespatibedt the stage 36 contacts with the outer peri phery of
the wafer Wand corrects.the 03|t|o rror th W Thus

wafer Wis placed at® 5%‘6??8‘3‘? r}%ﬁ n ?h%alg{lfgfg \9@8 3pd Iﬁqeérvetdhb
waf er W has bedwe thitser @adsda,z,t Iveavmfeeop&bie& gheat eall velp Ot 0 Thedl Meentpdnsed
at a predeternin p r.e. he ocessi ng
vessel 32 is e%vagggt;([a ttkgﬁgugé;{_t i Wagfﬁgr‘g atgﬁdsﬁpgalé{:eﬂﬁp f&F égées
such as the d@rifoi;h@|m%%sodrfceyemg@saep@mmadeérrm@:ft hbe praftes i ng
vessel 32. Thuyge t8pdiddNdusadepeSELEY 60Nok 81§ 8eWing 54 fitted 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 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 inch wafer. 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



As the deposition gases, for exanple, TiC, gas, NH3 gas and N, gas may be
used. In the case, a Tin filmmy be deposited. The wafer Wnay be an 8
inch wafer. Process conditions for formng 30 a 500 Athick TiNfilmon the
wafer Ware, for exanple, a Tid, flowrase of about 20 sccm an NH3 fl ow
rate of abut 400 sccm an NZ flow rate of about 50 sccm a process

tenperature ofsualgaubs 680 the BuPpHOEESSURFESSURBAOhNAbRUE 4QiRa ¢9ng %aLr)
and a process __tinme of about 60 s._ 35 Wen the above fil mdepgsition

process is rep@REEESSAEY SHRMNarR dqrpsdteghplee d8sFhed pRamangeths éower

deposi ted on wafier surfdc4HABE s S Xhkl hambt i) ABEnd2aFBdh peeaéﬁeixﬁagabbed
on the 9 surfaces of the suggort surface 36A and .t he ﬁl de rin 4,

Unnecessary fi%ms Hhe thepbereealtds wWnetrRsagdyet 1aR8 theérfole rlnchgppes

surfaces defi @rﬁﬁuhmﬁypaﬁtbﬁdal?bﬁﬁmﬂf ald @RePheMBBL| 88 SPeSE st wathes W.
t hi ckness of the unnﬁ%e sar ilms 70 and 72 increases .5 g[idually in
proportion to FAREIAHABELY ofPSikobeEseanal ¥t §0¢) 7 2P0t ithR AYS eand 72

portions 70Ahaar1@ Eé_éplé&tid?@w iloPmed0 1 ANged Londalrig rt@%pggftmeie/ de@fefad_ibfi
regions in the particle generatiqn reventjng space ere a_partia
braseure of ¢ ReeTeekingAe 81 iknd s e 4l PR @ Pt hidgodias s
(rjat e is high. faJ @;ﬁheepg@klmrldgprama?aAfamdf&é’gbﬁhﬁd‘mmd 3L zaian?.di al f
i stance of , for exa , about 2. r.0 e_inner i rcunference o
the gui detTing sa. e PEAK FORR4PRF APSt RCe %P B FOATERe FnAer Adial
ci rcunf er ence disttheeguisdect, nfob4ekanhple heabdept 12.6f nrhefpan t thée inner
generation pr | e Causes .15 of formatiqn_o h
portions 70A §§§g§§ggﬁ§ﬁ%g5§§ ggc??bé%Iﬁfghg#éféfgﬁtéﬁig %?%ﬂghfﬂgﬁépci is
a graph show g &rowl aheobwiwp cipeunéenendre df dle gugdeof iffg A4 igas &bea
source gas an e it I at N&, S i reges
condi tions arge%?ﬁeogé%§§§%1t gl%fgéggg?ﬁiproéggge%éﬁﬁ t%%?ﬁ%,ggkcgﬁfsfﬁe
flow 20 rbte OF foeEndtiign ofamichapeskwiaisionsoida Radgi apividfl e gleseriprd
filmdepositi @ thalerdrieiceasspigl aduadily, 29stPEribRWnbRtRy Areliddions@dp 1S
increased, in an initial stage of varidtion of "the flow Tate. However,
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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 sccem 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



Pl ( when the flowrate of TiC, gas is about 10 sccn) , it decreases 25
sharply. Then, the filmdeposition rate remains substantially constant on
a relatively low level, regardless of the further increase of the flow
rate of TiClqg gas . As nentioned above, sijpce the flowrate of TiCO, gas
is about 20 sccmin this case, the peak Pl of filmdeposition rate appears
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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 um) . 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 um. Thus, the height L3

. = 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



Nm (=0.05 x 100), and the sum of the respective thicknesses of the two
peak portions 70A and 72A is 10 Fun. Thus, the height LS = 0.3 nm (= 300
Fim is far greater than 10 Fun. Consequently, the ~. --' 25 peak portions
70A and 72A never touch each other. The filim deposition systemis cleaned
to renove the unnecessary filns 70 and 72 including the peak portions 70A
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systemwi th 20 such a man . ment's or par S
t hose 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
(;j 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



shown in Fig. 1 are denoted by the sanme reference characters, and the
description thereof will be omtted. A clanping ring 72 has a clanping
ring body 74 having a shape of a flat ring. The clanmping ring 72 is
adapted to nove vertically together with 22 lifter pins 42. An inner
peri pheral part of the |lower surface of the clanping ring body 74 is
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not limt t can lied to filmgdeposition te ar
Gopost {1 iy ang B hae0F o BRnbCoRlRendH et R OBICk: 'S RoBAEFARE ¥ an
appl i cabl e t oILDl prdepokids egubsysiters respectively for depositing a WN
film(tungsten nitride filn, an SiOz filmand the Iike. The object to be
processed is not |0 linmted to a sem conductor wafer, and may be a
substrate for an LCD or a glass substrate. ~. ,' 13 CLAIMS 1. Afilm
deposition nethod using a fil mdeposition system including: a processing
vessel capabl e of being evacuated to make a vacuumtherein;



a stage placed in the processing vessel, having a flat supporting surface
capabl e of supporting an object to be processed thereon; and a guide ring
pl aced on or above the flat supporting surface so as to surround an outer
circunference of the object to be processed nounted on the stage, capable
of guiding the object to be processed onto the flat supporting surface
when nmounting the object to be process%ﬁ onto the stage; wherein the guide
ring has an inner peripheral |ower surface and an outer peripheral | ower
surface, tE@Ji r peripheral |ower surface being parallel wth but higher
than the ou égﬂggripheral | ower surface, and a particle generation
preventing space is fornmed between the inner peripheral |ower surface of

t he guide lringAadédlmhdeplogitisappoetiod sairface biflm héepgoaigeont hgsrem hod
conpri si nginGud®KPti ng step of mounting an object to be processed onto the
flat supporting surface; rocess-condu step of conductiqgﬁf film

a ctin
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wherein the guide ring has an inner peripheral lower surface
and an outer peripheral lower surface, the inner peripheral lower
surface being parallel with but higher than the outer peripheral
lower surface, and a particle generation preventing space is
formed between the inner peripheral lower surface of the guide
ring and the flat supporting surface of the stage; the method
comprising:

a mounting step of mounting an object to be processed onto
the flat supporting surface;

a process-conducting step of conducting a film deposition
process to the object to be processed, unnecessary films being
deposited on wall surfaces defining the particle generation
preventing space to form peak portions of the unnecessary films
during the process-conducting step;

a removing step of removing the object to be processed from
on the stage; and

a cleaning step of cleaning the film deposition system to
remove the unnecessary films including the peak portions.

2. A film deposition method according to claim 1, wherein
the cleaning step is conducted after a predetermined number
of objects to be processed have been processed.



the particle generation preventing space has a height of about 0.2 mm or
above. 5. A filmdeposition nethod according to claim1, wherein the
particle generation preventing space has a radial dinension of about 2 mm
or above. 6. A filmdeposition nmethod according to claim1l, wherein the
particle generation preventing space has a height and a radial dinension,
and a ratio of the radial dinension to the height is 10 or above. 7. A
filmdeposition nmethod using a filmdeposition system including: a

processings vessgl 1;11(fﬂ'xp %%s?ﬂo?leln%ghGﬁa&ﬁ@éLeﬁng tﬁ%g%malv%ﬁwnhher ein;

stage pl aced essing vesse gf g surface
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obj ect to bleapingestepd onto the stage; wherein a particle generation
preventing space is formed between a |ower surface of the guide ring and
the flat supporti surface of the stage; the nethod conprising: a
mounting step ok ﬂrgmnfiﬁngsatnocbineéhocloawrph@eescs@dauntb whpeein| at

supporting surf@ee;p & (PEIRCESsS) CONHNET E'i‘gveﬁﬁ%g‘)foféﬁ@uﬁ&é ng %ef%hfn of
depositio *U'"HP ﬁeis to the Obj ect to be processe unnecessary filnms being

deposi t ed STt £2e@P8EFining the particle generation 15 preventing
space to form peak portions of the unnecessary films during the

process- CO#]dUCtAnﬁllfx ﬁggggltlgﬂn%g?goﬁt echordlng c}“crll I%h? meéarcetlﬁéof Ibﬁm

processed Trom” on ; a cleanin cl eani'n
deposi tion systt@m p@rtlpéﬁrrrg\ﬁéletrlaelq,rhmeegsamg fsplanrs hmlaumdwlg t he peak

portions. Bméh{iohmdennsit bopmeihgdoysing a fil mdeposition system
i ncludi ng: a processing vessel capable of being evacuated to nake a vacuum

therein; a stage placed in the processing vessel and
6. A film deposition method according to claim 1, wherein

the particle generation preventing space has a height and a
radial dimension, and
a ratio of the radial dimension to the height is 10 or above.

7. A film deposition method using a film deposition system
including: a processing vessel capable of being evacuated to make
a vacuum therein; a stage placed in the processing vessel, having
a flat supporting surface capable of supporting an object to be
processed thereon; and a guide ring placed on or above the flat
supporting surface 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 when mounting the
object to be processed onto the stage; wherein a particle
generation preventing space is formed between a lower surface of
the guide ring and the flat supporting surface of the stage; the
method comprising:

a mounting step of mounting an object to be processed onto
the flat supporting surface;

a process-conducting step of conducting a film deposition
process to the object to be processed, unnecessary films being
deposited on wall surfaces defining the particle generation



capabl e of supporting an object to be processed on an upper surface
thereon; and a guide ring placed on or above the stage so as to surround
an outer circunference of the object to be processed when nounted on the
stage, the guide ring being capable of guiding the object to be processed
onto the stage during nounting of the object to be processed onto the
stage; wherein a particle generation p? venting space is forned between
an inner peripheral part of a |lower surface of the guide ring and the

upper sur ey ohihie 3ha0eie ASIHINA0 ATRELST 08" HIDUALCRG Bl PRRGL 1O e

processed gnto the s con m deposition process to t
object to ﬁéf“h%ébés%%H“”Whé?éduﬁﬂﬂguﬁﬁébessary films dep05|ted on wal |

surfaces defi mMemh@vnggtslt@baafge@&r@tihgntrpé HHREL N8 50A0S dRkBY ARAK
ctlng of the filmdeposition process; renoving the

portions durln
object to %gbé ed F omon the stage w thout changing a shape of the
particle generaaloh%pnegemténgofspbnﬁﬁngndheléahhngepbeimbhnngepnﬂitbon

system to [&ARye &naeun%g%gggagw rhi 0% 1 88fh & e ePEads RAYTAI e L her eof,
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including: a processing vessel capable of being evacuated to make
a vacuum therein; a stage placed in the processing vessel and
capable of supporting an object to be processed on an upper
surface thereon; and a guide ring placed on or above the stage so
as to surround an outer circumference of the object to be
processed when mounted on the stage, the guide ring being
capable of guiding the object to be processed onto the stage
during mounting of 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
the upper surface of the stage; the method comprising:

mounting an object to be processed onto the stage;

conducting a film deposition process to the object to be
processed, where upon unnecessary films deposited on wall
surfaces defining the particle generation preventing space form
peak portions during the conducting of the film deposition process;

removing the object to be processed from on the stage
without changing a shape of the particle generation preventing
space; and

cleaning the film deposition system to remove the
unnecessary films and the peak portions thereof, wherein

the wunnecessary films peel off the wall surfaces and
accumulate in the particle generation preventing space thereby not
to disperse as particles into the processing vessel, before the
cleaning.



