; e3ei H Lhv6THc Met hod of supplying divided gas to a chanber from a gas

suppl ¥ apparatus equi pped with a flowrate control syste i
i aventi on The present invention relates to an inproved Q]@H@M@"@@@MEUWI y
for supplying automatically divided gas tq a chamber from |
appar atus equi pped with a pressure-type flowrate control syst'éi® or use in
sem conduct 8;[ gaauf a&%‘ﬂrj ng..at. sem conduct or lganuf acturing facilities and
the Iike. 101¢hed of SYRRIYiDE divided gavin g ehamher iromagassypply appaypsegpipped
flowrate cCoiin #fowVSitediag sisiem W dely enpl oyed for the purpose of
controlling the flowrate of gas to be supplied to sem conductor
manufacturing facilities. Figure 7 illustrates an exanple of a situation
where a tre&éqgnrf as G ils supplied to a 15 chanmber C for formng silicone
di oxi de fil mHy gﬂ‘b‘lngfﬁtﬁ‘b“a pressure-type flowrate control system FCS.
The treatment gas pleseiihedhtiba sel@ePiRfCiipp@ebdih@Mod af gas Quppls feURphlyaGE Vi a
the pressure-type flowrate control system FCS into the chanber C at
reduced pr ed8@metigaliyndjvided gesiiora ghambenfiomaghsisspnle pprasetagieqtipiadovith at e Q

through a g .schar i n fer H.placed o su rtin evice |
20 o the oPRerRan A8k rie SONEa SritBh T ety SR S R B AR R I A P
oper at es on séihizohdwiter radnufiveurirdpefacivititdaid hbERe.PL > approxi mately 2xPz, a
critical expansion pressure condition, is maintained, the flowrate Q of
gas passing through an orifice L is determ ned only by the gas pressure
Plon tHie UPH4eR udg orifice, and the relation is expressed by the
equation: Q :cglau?\'(/imertgéi igtlglg constant determ ned by the calibre of the
orifice L 25 anbhetdoecaljad “pressues-tpe’ 8pw-rae cantrelssyktemn hidsdeérd widetyacreplQyahfor he
downstream sj de of the orific n be intajned at . .a desired set val ue by
2 st i ng. S8 Bl Gptouling fheffihurate e i hERRETEY D SEREITRRGT o Fi gur o
7, Po indi c%ﬁgfgcﬂ@igngﬁﬁespressure of the treatnent gas C,~ PM a pressure

meter, F a filter, CPU a central processing unit, Q an input signal for
setting the 30 Higew 7riflugratesras eQemate afiatgiuetiari wherk aftisatndng gaotis sppliedto a

rate. [The pressures e f.l owrate.contr.ol stemis disclosed iyn

Toku 13 - v RGBS ot R 1S B S s BY EpTB e ArBF B S BBty on 1 5
om tted her @ontWitshste@IATS] The te@intnp E&SS W Bich YiB€a bledWiveafROwWEAIlé QOls saSliedm
FCS, it is a prerequisite, as 2 stated above, that the gas pressure Pi
on the upst MEaRe SrEestyReoate cerdrol ggemn FCSyiato the shanbe (Pat rgfuced gressure
downst ream s 1. | 3 i k4

expansi on prosEanenat pbol Sl N ddiehiaf gl ShETEORASE AL ERr D onto

pr essur e- t ypevdfedirpiaaté on antpmirtimpdavict lus FCS t hat when the gas pressure PZ
on the downstream side qof the orifice 5 rises great]y an

di sproffr ti onat P;t}lec%hfggfe@r S RTeTHE- RS ﬂsw-ere@lﬁoet@%yyaﬁnxd%s apERicaamts de
of the orifiyggs of g tkdor} tt&@kh@%?ﬁﬂﬁbﬁﬂxﬂﬁc‘l? gLe, %H@lbél'e%arls?on’lﬂeés%ger
satisfied, making it inpossible to control the flow rate. Furthernore, when
t he pressur eomdition is maindaned thebow sitd € eff gas hbassorg thicugh an suéice hnsidderntimed

approaches the .1 imt value gf the above-nentioned.critjcal .expansion

oY bssur o 10 Bora B ahs BEnFe Blon B yRIRR, ST SrabESTacH by R e R BhbRissea
decreases. Ay the é@ftbi:; Q HER QwhereC i DéUnetind detériahed hiethp talgire oatherodifge Lf or
flowrate control is limted when the pressure Pz on the downstream sj de of

the or?¥i ce anddhcozas demposaturrdsty ¢ sult.dheflaw rate Q an therdeavnstieam sigeef Hgorifice

01T 2 38 FAARGF AR B0 B PRSP o
downstream e of the orifice L increases. On the other hand, according to
the Referring to Figure 7, Po indicates the supply pressure of the treatment gas G Pma
pressure meter, F a filter, CPU a central processing unit, Qs an input signal for setting the
30 flow rate, and Qe an output signal for the control flow rate.
The pressure-type flow-rate control system is disclosed in Toku-Kai-Hei 8-338546
and 11-63265. Accordingly, a detailed explanation is omitted here.

With regard to said pressure-type flow-rate control system FCS, it is a prerequisite, as

T
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pressure-type flowrate control system the use of a pressure-type
flowrate control system FCS nakes it possible to control accurately with
ease the gas flowrate of the gas supply to the chanber. In addition, it is
unnecessary to install an additional high precision pressure adjustment
device at the gas supply source, thereby permtting a great reduction in

advant age. _coeh s BatHE RS piEsur<B o Be ot TRERT Peobes g A ohas
been a trendyb@iird PreoroMt bwHitAARE $le Of thd o fibd %@ﬁr &H?Bﬁ)rrerﬁéi{tioﬂé@cﬂiﬁba}

manuf acturing a sem conductor to becone |arger a arger. By way o
exanpl e, if Pensen pieswiraeadironoHendme itiab disadyantags 00 therpressutektype flowirste

of che wat orcoahar SRS ingh RReh URZ B ERy 38 IR dof ok Sam % AT B FielBe.

i ndi vi dbial | yrisedjgteatigdnd dispropettionBie dodeparédewithe dab piddsurt Peoh FRNIpsBésm
supply to sai, &gégtre part and the treatnent gas supply to said peripheral
part are ef u€s dhegrilies shegreical giprysion pressueg congifipnag po dengshenkitiet nriking ié
8, then the ; : pplied without difficulty at the
prescri bed fll g&@éﬁ%ﬁ?@éc%ﬁﬁ;ﬁ%ﬁ%mthe gas supply source S by the gas
supply |ines GLFuBiicramock, @hen thxogrhssafe Rehincthe downgream sidgofthé brifice rises, and
pressure-typfzé%l ovv-ra}'ge gogt rol system FCS. However, it is not recomended
that gas be SUPAPPEEChS the dmifgalie i tharhove mentinpedyeryical gxprysipn pressueg ~ and
cla hayhng | eRRAJGE oRi B SR MREdHANaGANE GRItIA! ASYRLBIHEESL o and
FCSz respectively, because’the sem conductor nufacturing equi pmenfl i's
then  for ceauoblemba teailtlar precticat tapgé friflowt satcasitrol isdinsigsleshenathel preasune Bnamce
becones Iabotn;lieguv,?/hS ;I'eo oV r?(#o{ge t.Fese nr oblens, it is found nore desirable
that the two gagvasiEsMA s N fICGINGT &S shoul d be split from a single
pressure-type fhgWesoribed akbdve! Rlis Sotsd @Bl MpTerodSprobRWA akiBe [ @hh&:tdn wWith &é&at
the flowrates Q and z of the separate gas supply lines Gi 5 and Z can
be control | diPvhiataeenie upigs rIpsesHatiEpClowTate conlreleystem vahaa the pieasralPl el i n

t he gasssup i ~ g ively...On.th t her hangd, .t he
press u?%- t ygégfi {D%gﬁfegﬁgl%%ér}ﬁpo ﬁg%/es]'t'E Erﬁ%?%éé' pé'r#‘r%ﬂﬁk\?r ﬁaél dacic(%(ﬁg;g gyotpe gas
supply equi presstrehigpe flbavrateadontroDdysteal, tlhae a€ b @Edssire Ggpaidvehate aontRs sysied

optimally V\/r‘i% the pressyre Pz downstreamof the orifice is in the range O
- 100 Torr. TRKeLt BPSI0IGo gonirRbacshtdyiiihicasratbe gretev rde of the gop svplatoe
control syst fhe . a-0f th eds
appr oxi i el S50 oar T AuqitdR, RIATRULRE PR b S8R Bhalnlfh BEbif BratnEC
wi t h respectadjutmeérg deviee asthoigaofupblymourcet therby tpeohittirgor grextamhaion i flercosing
to Fig e 9, sune that. the treatnent %?s Gisqiugplied at a flow rate of
Q = 300 SCOM' "SoEEHAP K& VigEaaoR & al FXSFHeR Prag il @ thifieSer C at flow rates
of 15 Q = 130 S&Ch amer KahdHt 1518 boGeMdtihat ey R rS RN ¥én hitRAS fSiihe e G-z

respectively. Wiere the gas supply equipnent is not one that enploys a

pr essur e- t yphametgnoh asibcansnvaier fogysetiamangSicturing of ssmiepnidnefontet tteodme davgdre

enpl oyed: That,.i.s oth of. the control valves V~. and Vz are first c|osed;

next the trcRfdERe: G afylogv?/x?"gp%’ gfthet%%erf‘ilwtfﬁ?fetﬁﬁgﬁ}/‘?&f lsg’&ginbrﬁéb}“rttl‘?'b“éset

at Q = 300 ${EMsaty18PihERBIMRRIIF e tY@altlﬁgr?t fgs s~u£?'ﬂgd Wth@rcgnt?ed%ehl%iecge wardr DAl
Q and e adj uste se

both the 20 flow. at es can to the val ues
aut oma2$ cal 1t peniphisyal he ¢ai adge patt hofahé afer tabeindbtiduallradjusied] ust r at ed) .

Ho , wh h . | ' t | sure- t f t
control " syst em EeadChis B Ef dt ST uioTE o TP o SRR R w80, ¢
is difficul trrdatrhédt gh®@siily foh@id depiphérat Sarrt 38Cct&CHMeataté Biphy BRSWGE- dnype

id
flowrate control system FCS when 25 both of the control valves Vi andVz
are conpl et &bl2 a8 showa in Higyrq fethen e digpiment gad dan by suppdiet|vothoundiéieudy at 180

sCcCM  and - H,%Sw ChiV | i i.n L. and z
W th great Qé’rrés(]:clzlgle(gn yratgtgjpﬁjgﬁ? Qg?ﬁﬁje{h&g%? ra‘gﬂph{/sa%\y/%;% &{hgr%?\s}%) lﬁ'ﬁ esr“ﬁ%ﬁson
is as B0l | ovwsid GIf2, bbth of whichodre pedvidesl With-a predsuve-tyeelowikite ORRIvl Estén FOS!, |
extent, then the pressure Pz on the upstream side of the control valves Vi
and Vz rises, plever, it 1s not recommended that gas be supplied to a single chamber C using gas
supply lines GL1 and GL2 having independent pressure-type flow-rate control systems

FCS1 and FCS2 respectively, because the semiconductor manufacturing equipment is then



30 the result that the value of Pi/ Pz deviates fromthe limt value of
said pressure-type flowate control systemFCS. As a result, the flowrate
Qestablished by the pressure-type flowate control system FCS differs
greatly fromthe set flowrate (Q = 300 SCCM . 4 (bject of the invention
It is an object of the present invention to provide a nethod of supplying
di vi ded gas er fr S _supply apparatus equj pped with a
pressure-t yptté)%feﬁéo EF g;?lgrggg,n ¥ 53[01 8¥§9§ﬁ$‘&?€§8§1 aE@WngItaﬁ%e %%8 fiP¥hed
probl ens that afe o%l@@rﬂﬂ‘tlﬂ:fs@ﬁrom # 19 Aun@Pnire Besrabie AL tﬁé% %a%tsﬁe% lines

adj usted by the pressure-type flowrate control system FCS éllln to
split suppl yaki ?fe’sG@_ShOéiHHbfGPilt o S!eglePrqswrﬁéymsﬂwretndomolaysmndi(iﬂg a$ 0 a

conventi onal I Vi as.$ S S

caui pped w thoan I8l 5 51 o R SR B kPP dpdite B Bipby BRI

namel y: 5~ trmldfqitozvmanaueeo@r@]watwddjmngﬂowhetewoa&SWa@vdsmeanﬁI\Q\It/nttart&t lﬁ@ttu r0|
system FCS may devi reatl from t,he 10 set flowrate wth the result

that it is 38 ERRY nEﬁ H%‘iﬂ Lt eespestiyiey not only the flowrate Q but al so

the flow rates t '

flowrate contr 8D @g{é Vog;er\l}'afld a{ﬁﬁpl\%}&l}%% qﬁg}d]&?en&&g@i g’%ﬁ“ﬁ?ﬁ%ﬁ%%@‘l
and GLz are tbdzr)sffor ghospdl yoyojpinedng hys flow raé mﬂtolchmﬁdﬁtstaﬂdvhﬁcﬂﬁdfanmeﬁﬁﬁ
gradual | y; ~%|tklleqecision o(iotheflo rate, contr is low and/or it

t akes t oo m,P imallywiey @%Pﬁeﬁ%llm PH "YIPSH\RPIF‘ le Qrificq “H“tgﬁéa“EFQW K09 Tosk es Q-
and Qz1@re STHERTON, Hithysd @f@rerﬂéntlbﬁed ﬁr@%’h?ef Qb€ ﬂo@’r‘ﬁtem%"rltrgp a@ﬁ:‘in PES L)fen the
present invention to provide a nethod of supplying divided gas {0 a Chanber
froma gas supgsKie Byploamatrensn e&thﬁppléde vk aehdssappredsatedy tG05Eorf, ltierangd ef tomt r ol

systemin t a t.er.mi ned qui ckly divided
and suppl i ‘é‘ﬂ%&%ﬁé& 1§'gr eé‘HW‘St‘F [E Oﬁwﬁpréeﬁtsmgrﬁé"i @FFCOé’\VQL if the gas
i s divided and sufmlekadplfemt’erangasmgum ¥ssARRARAUHS tréimeRd BIER sWbjIfbdat a
pressure-type flowrate control i/stem FCS. Disclosure of the invention To

achi eve t he yolate et QretPlory el so hakthergae Rt is suprbied totheshawben C ahﬂewnratemof
h
ave rgj ect gcg L @9% SeeYRH 99 | 78Ricad tffigh il sﬁ@m%gs 8757 31 B fes5RONER/

for this ty | y apparatus res
control val VWherd the mckuleyleqanpatehed nohosgthit erhplogsa We%u@é—@@@&lohyra@@mdl

f b | t npletely cl d h
Dot ead. adopV BRI Gt TlEBHRAFHOUAT be FHBOYFb N becaib At hsicopaplpbvey Va
and Vz are %@%@r@ﬁ%@\@!ﬁ@d Béﬂ%pﬁbﬂ&eh%a%'fﬁ)u dhtd (?’f:thé’ ﬂQQPTPte clgfltr S&i@}mé‘n‘ﬂl ly

open), so that the flow rates he s t su
GLz can be delpaist @ 30 &CG%lth@dhé bquiaabfegvl arad Vﬁ)al@'ﬂ/(‘ljtf%dqt)lth:dﬂb}bﬂﬁthd Wt h

pr eci sion ontr ci sion,

neans % th\ewop a%essz@ altd;‘(gz Cafjlb&ﬁ-%t‘ﬁ tggﬁﬁﬁﬁwﬁgvﬁ‘g‘fﬁ‘ 89 Cﬁ%ﬂﬂgo‘?’gl%ave
conduct ed n&lmv_@f@ﬁfetmﬁ]]mrafdaﬁ supply of divided gas on the basis of the
abovenenti oned naovel nethod e present invention has been devised on

the basis of the B@wevsrericrothesas smﬂmmulmwt@mba}em nrmulreetsrm ﬂQWc’atet he
exper| nents AV ent nel on

claim1l rel é:t(:a gtsrB F%Stghnﬁe(?%g%a gFW%% c]o;lgﬁﬁb%fefﬂ % S(}jl °§§§“ i:t,gﬁ%er 4c lér I g &iﬁ |f ﬁStttcftat
gas G with aestht ﬂbm\ater(at(m(nscel\/smwmd messtie-gpe Nawhate confbdl @sﬂéﬁﬁB@S intbesl

flowr er ti,o Q/Q fro suppl aratus 1 equipped with a
flowr 3’63! ﬁ?g?@mlt"ﬁ VSﬁgh% adYR qiF 81’%?@&@\‘ clopids P“%ﬂj‘ﬁﬁlt(yaqwﬂég’lf@lﬂheand
Gz and sho t (jd}@

pressure- ty\gg{“t ﬁéﬁ? 1go§g§thtgg?xfderzseg\g/%| an{j V2 s}’é’ggc{tgf:e{%g%fsfuﬁp@al Egplit
suppl y |i nesindiGLaawith Sleat, preasibn bly adjustimgthp abendwables Yaiaod E’pl it flowrate
controllers FV ~.and FVz.is |t|alhgg ¥$%gsej Eé)nltl flow-rate
setting control si ﬁgtsoflrl%?ﬁ AWV ok yahtes Vi and Yrroeniy gy topgmall
causi ng the et tBdn thab@siey PObn tRQUpIREdh sIRE 88 B BniryIRRIYes @ dh@H8 rises w1th
controller with the greater flow rate to open to its full extent, and t

desi r e spl ithe reselvthabthesatpe of Rl RardesiatesSramp thedimit Maloe ghsad ptqssieetm ﬂmﬁ 4a
installed i tes 4 ressures P

on the downsr}fur%Geézlgtﬁtt@rL %@ﬁloftg&%fgs c%s'f}{r]o ﬂw&%gjdé%{abp d]thy e pr Paetssure%'p sfldWof Qz
bei ng expr essedohyoltsystemdF ORIl AR Ereatty fom tht &t flatvdafd Q= SSCCMere 15 C
and Cz are constants determ ned by the sectional areas of the orifice holes
3a and 4a and the gas tenperature on the upstream side of the orifices),

t hereby supplying the total amount Q= Q- + z into the chanber C. The
invention of claim2 relates to a nethod of supplying divided gas to a
chanber as clainmed in claim1, wherein said divided flowrate control board
FRC is equi pped with a 20 CPU, and is provided with a start and stop signal
input termnal Tz, an initial flowrate ratio setting signal input term nal
T3 - a shower pI ate conbl nat| on |nd| cat or 5| gnal input term naI Ta control
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controllers FV i and FVz. Wth regard to different conbi nati ons of shower
plates 3 and 4, the pressures P3', P3" of gas G fl ow ng downstream of the
control valves CV of the split pressure-type flow controllers FV~ and FVz
when the gas Gtotalling Q= Q- + Qz G flogws through the shower plates 3

and 4 respectively at the flowrate ratio Q/Q are calculated 30 fromthe

af orement i Or@g{eg“ol;'thgiﬁ)%nltf%ﬂd @ = CzP3", with the flowrate rati oQ-/Q
er

bei ng a parane or a plurality of total flowrates Q and the initial
flowrate settinglt&ignalject of tHe@rasph iveities 38 pRvideREmEthaNvoF aipglﬁl@@&iwieh%%s
FVi having the gre tgtfr flowrate is an input signal voltage Vo for tull
openi ng of t'Aé& CEMPFION 21878 SURRAY PRPaFatES equinped with apressire typeflomagtetantral t o
6 the other Splkeitw f Vz 1S th
af or ement 1 orig g MBSO HRiet el Bt b ehelfigleled Wi aapssial b
to the Tonbigiean dow odte Qandjustad b theqyiratsese-Fpadwiratndnirbesysehi BCE3s AR3ded
bet ween the .i itifl fk%r e sa@ﬂng_ siegglgl s for_said split pressure-type
flowrate coNCrBi't BPEVRPEE G dngE2ninfesah daw-ratss Riteed Qxasprrdingdery to said
5 i nput ter rgoRadntibhal@AEthbd6f dividingd odd ' ' | 90,4 QRME
termnal T3, the flowrate Q of g%ésgésg‘g‘%l ﬁfﬁﬁgééogn‘p?ﬁééﬂé’g%@u%gﬁ?ea Wit'a
appar at us 1 Aressgisttype flaweteicoedolf dystanr BES tond tHanitlee O; aarhél9] Ty e RS @ Qf
said split pressure-type flowrate controllers FV~ and FVz being fully
open. Then, SSRTa{ed Ryie BrespusrAver flawwataconteolsysem F&S may deviate greatly fivinythel
i nput ferm N f.said star ighal |s

&l 1d% a(t§1v-&ﬁt§ tﬁ%resﬁ'ﬁ]%amqpe)lt&?né%gffﬁcu% tgﬁ@buswotsogsydt?lg %\‘i\v’erra{ep(?’at e

confirmed (STEP 6)r, t exi stence or noh-exis
conbi nat i on buhalise Htedfovs ragesa: anddQs af the conittd] aletiddoattopRti@s 612t inQvIseh HbWTate

signal is confirme TEP O .. T . the initial flowrate setting signals
Vo, Vo x P3*PR%! Vfag‘fegS]Hémg%"ﬂ“g%@égﬁ}e&pﬂl&f}@p&Wﬁﬁtlé“éé}hzraﬁﬁ slogsd ~ and

FVz obt ai ne(iof—nlb_wifél?%ﬂal&b&%és@&ﬁaﬂd@ﬁ%@%ﬁ%@E%%g?lé%%ﬁé ggh%[;ﬁéa DES {}5%‘319&

i ncreased stepwi se” at the sane rate e devi

bet ween t he ratacortndl i lowarididreit BReS fobnich tinkptetcorirenak @R atchsydmqpineFow | OW
i If it is found that the Input and

rate oyt put S|g aI%&@Zchecked (STEP 9). . [
out put devi &HFHR! A frsi semehewradjusiedelt is, therefpree anqther-abiactofthe prasentsi gnal s

to the split t ~. F re reverted to the previous
val es of t o e b REARAROFE b ol oY § A BAEDR ot Selitpun
devi ati on f @pparafus kquippdiewitiet praange-t{BTlRy-tdt} cdiieol shvmiakdidelakang Si gnal s
to the split f f)vv-ratié)contrgleéé FV~ %d FVz are then 20 subjected to a

r anp- change PAAICTRRned Hlow tefeQ casppayiskly dividedmdispppligehati acdestied wéioiQi{Qon

bet ween t he wifpitbatyaetiQoh, RYEn § b | T, :
When it is found i hat ths yen é??"%dﬁs%gﬁ‘m‘%?ﬁ‘ﬁ?ﬁ@*’@%ﬁt&{"“’ﬁ%&%%%&@f‘éﬁ?& s
regi st¥t ed &Auipped vithe psgssedypafipeiralngentral systemiFCS set range, the
flowrate setting signals registered at that tinme are fixed and mai ntai ned
as the flowrate setting signals for the split flowrate controllers FV ~
and 25 FVz (O69dRutépf tliehavaitjonraki ng it possible to effect the divided
supply of the gas, G under the said flowrate setting signals. The invention
of clai m3 accor dPighiese thisabpyrdwed ebicets thelimyamtats Dflglclpaﬁsnmtz'ni'@tioamw@d out
such that t i f; t etting signals. increases
both the f|3§ﬁe§§€&?§?ﬁ%§@§?§%§f‘%&% d i dided dis %"639( g “PZ?%?LWW% [88S

ini ti &S flowprdy epreeattis mgwhiah epéctive FowdatdaorhdVyal 3N | A2 hodledimdplihen

S% every 0.5 seconds. lThe ia\fent' on of cl aLym4 according to the invention
as claimed FACETSEAGATSOReed fiom bribe eqepeichaglossdiler #mest eamemlgielyidesedhses
both of sai dnd have kbl &RplIhoYLONGNSA H whith RATEY LAk Sofifol\ANE Y7 Tala ¥
seconds. The invention of claim5 according to the invention as clained
in claim?2 i degedistepwinstirann bbing fitialyhBilytopen (enalmost dull peponeso thatehd figput

and out put AN nt i nuous| i l.. for. nor han certajn riod_of tine,
then the f1&terat and@el tﬁéS”'?t BpY lings GLpand e ?%‘gasrt%dfpi P Eireh W rote
mai nt @oned adtiol OF Qol Vel i @itmpwcﬁid‘ngtvhneqqefd\eymr@é@_ra&@Qtie%At%lf%dgb{lfhnand

FVz. The invention of claim6 accordi n% to the invention as clalne
claim?2 is PHCHIM bumeansoh thapressprfetygadlopriatesaontig! syterrthBCE oliresinyedons dpde of

the split - (o) | l-ef Vi \z ept at or
bl ow 100 Ter Rtk MRS HEbHY orBigld'ars oAl fae fafio EBkry anc
t he di vi dednfehtonadatosermethodQ-/ Qz is 1/4, 1/2, 1/1, 2/1, 3/1, or 4/1.




The invention of claim7 according to the invention as clainmed in claim1l

or claim10 2 is carried out such that the initial flowrate setting signal
for the pressure-type divided flowrate controller FV ~ or FVz having the

greater divided flowrate Qi or Qz is a vgltage input for full opening of
the control valve CV, the control voltage input for full patency of the

trol I havi di,vi ded .fl.ow and t .ange
o 'the cont rol vl Taye s RERH npXE TR hEbRinFiohe wkmeonsd Bodifing
to the inverﬁridcuisoacm thb ésuBslof the ekdrimetd &n G divigia %@?ass%g Fat 1ﬁIb%ubHQyt
and out put mgnals to,.the termnals of the divi deé owra e control board
1

FRC are seriGfiMedgnelagnd relaieste 2 nethadrof supplyingdiadedogast d@rai:rtfammgsthm(gas G

Fi 1 I | | tratin od of . s ng
i Vi ded gas ¥of 3B RhPl QI AUBHRLD b XL (R bt af T e e o
flowrabe congasshpslyspparniae ¢ aqoipped Tvahtah‘ﬁmﬂra&éaqiply Mf&:ﬂi tl@cﬁhgthﬁi ﬂWa?tﬁ?q S a
di split pressure owrate controller
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Figure 9 is an | ustration show ng the division and supply of a treatnent
gas to a chfm?élp r_o{%I a (%za’gtostgf)\éﬁwg@é ce equi pped with a pressure-type
flowrate controlTryfifon8f bRIMY rERfk {94 méMod®T supplying divided gas to a chamber
as claimed in claim 1, wherein said divided flow-rate control board FRC is equipped with a
20 CPU, and is provided with a start and stop signal input terminal Tz, an initial flow-rate
ratio setting signal input terminal T3, a shower plate combination indicator signal input
terminal T4, control flow rate signal output terminals T71 and T2 for the split pressure-type
flow-rate controllers FV1 and FV2, and input/output abnormality alarm output terminals Toi
and To2 for transmitting signals on the basis of the deviation between the flow-rate setting
25 input signals and the control flow rate output signals for the split pressure-type flow
controllers FV1 and FV2. With regard to different combinations of shower plates 3 and 4,
the pressures P3°, P3” of gas G flowing downstream of the control valves CV of the split
pressure-type flow controllers FV1 and FV2 when the gas G totalling Q = Q1+ Q2 G flows
through the shower plates 3 and 4 respectively at the flow rate ratio Q1/Q2 are calculated
30 from the aforementioned Qi = C1P3’ and Q2= C2P3”, with the flow rate ratioQ1/Qz being a
parameter for a plurality of total flow rates Q, and the initial flow-rate setting signal to the
split pressure-type flow-rate controller FV1 having the greater flow-rate is an input signal

voltage Vo for full opening of the control valve, while the initial flow-rate setting signal to
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eval uation of deviation between input and output signals W se
decr ease i n pfiglflowtrate satia qeﬁglgsﬁlgwgisgonﬁrmed (STEP 7). Then, the initial flow-rate

setting signals Vo, Vo x P3"/P3’ for the split pressure-type flow-rate controllers FV1 and
FV2 obtained from said flow-rate ratio setting signal are progressively increased stepwise
at the same rate (STEP 8 and STEP 10).The deviation between the current flow-rate setting
15 input signal and the control flow rate output signal is checked (.STEP 9). If it is found that
the input and output deviation is within a set range, then the flow-rate setting signals to the
split flow-rate controllers FV1 and FV2 are reverted to the previous values of the flow-rate
setting signals one step before the input-output deviation fell within the set range (STEP
11).The flow-rate setting signals to the split flow-rate controllers FV1 and FV2 are then
20 subjected to a ramp-change at the same rate (STEP 13 and STEP 14), while the deviation
between the input and output signals is checked continuously (STEP 15). When it is found
that the deviation between the input and output signals registered at the time of the ramp-
change is within a set range, the flow-rate setting signals registered at that time are fixed
and maintained as the flow-rate setting signals for the split flow-rate controllers FV1 and
25 FV2 (STEP 16), thereby making it possible to effect the divided supply of the gas G under
the said flow-rate setting signals.
The invention of claim 3 according to the invention as claimed in claim 2 is carried
out such that the stepwise change of the flow-rate setting signals increases both the flow-
rate setting signals at the same stepwise rate, from the initial flow rate setting value (100%)
30 by 50%, 30%, 20%, 10%, and then 5%, every 0.5 seconds.
The invention of claim 4 according to the invention as claimed in claim 2 is carried
out such that said ramp-change increases both of said flow-rate setting signals at the same

rate of 10% every 0.5 seconds.
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Figure 4 is a diagrammatic view (a calculated value) for the divided flow supply of
Figure 1 showing the relationship between the flow rate control pressures (P3’ and Ps”) for
30 the split pressure-type flow-rate controllers, the total flow-rate Q, and the divided flow
ratio Q1/Q2 where the combination of shower plates 3 and 4 is as per PATTERN 1.
Figure 5 is a diagrammatic view (a calculated value) showing the same relationship

as Figure 4, where the combination of shower plates 3 and 4 is as per PATTERN 2.



11 Said divided flowrate control system 2 conprises inter alia a plurality
of split pressure-typ flowrate controllers FV~ and FVz, a divided
flowrate control board FRC which controls the controllers FV~ and Fvz, and
orifice plates 3 and 4 connected to respecgive spit pressure-type flowrate
controllers FVi and FVz. 5 Wth regard to the enbodi nrent shown in Figure

1, two split pre -type flowr .controllers are enpl oyed. However,
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construct ed @geshown in Figure 2. In the present enbodi nent, a netal
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of the flowTate cOUr A SYRYEATUECSIURPCNY & RIEESUESTBRE flowWatr santrpl system he
rel ati v P3'using2BatrblSvaiaisnt ai ned between the pressure P3 i side the chamber
C and the pressure P3'" on the a streamside of the orifices p p p 3a of the
centre a part orifice plate 3, then the divided flowrate Q can be
controlled i S ,0f =~P3' by adjusting the pressure P3' using the
control val \ﬁs%egﬁ?@c@ let?rgagdc%ﬂg"téﬁt dete~ined inter alia by the
cross-sectional drea dastsippl9rappire@s3a, its shape, and 25 the gas
tenpelrature. Referring to Figure 2, said divided flowrate control board
FRC i s provided iSht er FAIECN) §38 SURBlY pOWEE source input ternminal T~, the

i nput ferm nal Tajor : stop signal [which, opens one of the
control val ves Cyoof tg\}a‘%ﬁ%ﬁ%l{g@z fully (i.e. toits full extent) while
(.opening the ot H&IS ofeessureaypeflowatterondol systest i nitial flowrate ratio
setting 30 signal inpl,il terminal T3, the shower plate conbination indicator
signal input terrinal THANESI s expl ai ned bel ow, said automatic zero

poi nt adj ust ment 2si gnaplii ABWLraleRoMirbRystbs, Sai d automati~ zero point

adj ustment error signal output term ngrs T6~ and Tbz, said control flow
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start operating a ined initial set flowrate ratio. (In
particul ar, as d?';cri t%gqgsrgﬁ%g%pt he control valve CV of the split flowrate
control ler for the gr&enwe phit guws diadharget the two flow rates Q- and z is
opene 5to its full extent, whilst the degree to which the control valve CV
of the& ot her flow-rat &BBRPHGFIRYerPtgnened is adjusted to a val ue obt ai ned
from"the full opgni ngfirgree x a 10 coefficient (<1) as calculated in
advance". Wen a stop signal is inputted to the input termnal Ti, the
control valves CWeof Kdgbpahegastibiarger essure-type flowrate controllers FV

i and FVz are s hlzl_t f ulEldg‘.3 part shower plate
4a Orifice
30 GL1  Centre part split supply line

GL2  Edge part split supply line
Q Total gas flow rate
Q Split flow rate
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STEP for the start of the ramp-change to the flow rate setting signals
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STEP for maintaining the flow rate setting signals

STEP for confirming maintenance of the flow rate setting signals

ying out the invention
llowing qmbodiment of the present invention is described with reference to
rawings hereunder.

1 is a complete diagrammatic view illustrating a method of supplying a

a chamber from a gas supply apparatus equipped with a flow-rate control
ling to the present invention.

ing to Figure 1, a gas supply apparatus 1 comprises inter alia a supply source




15 (actual flow rates) Q- and  are outputted in the formof a voltage
output (0 ~ SV). Said flowrate setting signal input termnals Tsi Tsz are
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Figure 4 is a%ra phi present ation of nurrerlca val u ate Usmg
the 1w 152pddd2 Font %W@t@@@iputw tgrpiaplsiertpnt vq1@g¢se®empmagmgne P3’ and
rel ationship t e r ol ressure P3' for
the centre palk)t splef‘8 tﬂI|§r‘a'elrzg}{s‘?"usr%{et1 ]IHBWt%?]é‘algbﬂﬁr%I‘I eTr9 1Bput and YRyl o

control preabadrtalsy qlami ohtPe: BAGiRaRArt split pressure-type flowrate

controller FVz, for he conbi nati on of the shower plate 3 having 420
orifices and an iSAihgfe seppiyeprarats 1 comprisesfiver ghivea treattnest garsupgasource S

di schar ges ate 4 hav 60.20 orific and an |nS|de
di ameter of E%lpgﬁfﬁr&%l re%‘(fﬁgggoé Tolp), 2 (gg pﬁﬁggﬁﬁﬁfﬁ@?ufﬁ WEPPT‘E control
25 systems FCS (Figure 7). The pressure P1 upstream of the orifice L is adjusted using the

processing unit (CPU) of the pressure-type flow-rate control system FCS, and thus the

control valve CV by inputting a prescribed flow rate setting signal Qs to the central
flow rate Q downstream of the orifice is adjusted automatically to the set flow rate Qs.
Further, a control flow rate output signal Qe corresponding to the adjusted flow rate
30 is outputted from the central processing unit (CPU). If the deviation between the flow rate
setting input signal Qs and said control flow rate output signal Qe exceeds a set value after
a prescribed period of time, then an input and output deviation abnormality signal is

dispatched fram the CPU (not shown in FIG 7) as described below.




1). By way of exanpl % where Q-/Qz = 1 and Q = 1600, 1200, 800, 400 and 100
SCCM the mean valuejof the ratio P3"/P3" between the centre part control
pressure P3' and the|edge part control pressure P3" is 0.961. Simlarly,
Figure 5 is a graphical presentation of nyqerical values calculated in the
25 sane manner as those of Figure 4 for the conbination of the ﬁhower pl ate
3 having 480 orif ter of 0.2 f e centre
part gag di schar g%ag(? V‘%&dgﬁot%éaqgﬁ%rakoﬁisﬁg QHWE@‘?SHC]’%%‘ZBPE‘F?]& ofgplitand an
i nsi de di arrqiresrsutef-tyﬁ ﬂﬁwl-rafleontrbﬂer@@% aR@FEY/; (f&WE@@No@lratﬁbn%Yb@ﬂfrd gReP! e,
where Q-/ Qz= hl = 1600, 1200, 800, and SCCM the nean val ue of the
rati o P3"/P3V lﬁléf’%g SE}‘I%OE@%!QT%FBaMd E‘dmandprlﬁp@sbwsé @34@[1(1?(3@1 ttghe nge
art control ’ | of cal cul ated val ues
: el R Pkl e el P bt Poned

shovmngthe relatlos d-/Qz and the ratio

Ps"/ P3'5(i.e. edg¥iths cgard:tmrthe einbpdiesatsiown iadiure 1}3@'»70t sp¢1@ﬁ§e”s§ﬂre BRRIRIW-Bke
for PATTERN ﬁ PATERN .2 %s shown in Figures 4 and 5. | e 1 'shows that
15 if, for e%?&ﬁﬂ @ 1 Howexsrpmeiadhan byo %Hhéprﬁsmfﬁﬁmq ftrw-odte comsraleoner

| ates 3 an ] L a t hen
Iroat io P3"/ P%oage{rmcggge? Eg"%hﬁyteéo %Spefsn?&lélﬁé?% &F %tbheoég(%\?hpcep%l pes g"BPH]
pressure-type Cpnéwémlycmntertbaﬂ Yo, BWthic rantbet bthe eupplp buistessuldal$ide hore

t he edge parfl |it pressure-type flowrate controller FVz is _
conput at i ona zi‘y .961. Said relationship between Q Q-/Q and P3"/P3" is

cal cul W ed using Sak&sfﬁl@bfd@!ﬂdr@-@yﬁéqllwfra% b&ﬂrJlEfsW%dez @99@@%@@} thg‘

gas flow rate Q.i pi pe i s expressed as
182 x D4 x (theoritigsplate I whih is a basio compenaai nf @wemrgtmeékwcmmcmmmmtem

(L0570 S AR PR i 0 el ST
the edge partlorifice plate 4) having orifices 3a (or 4a).

In particular, said split pressure-type flow-rate controllers FV1 and FV2 are

15 constructed af shown in Figure 2. In the present embodiment, a metal diaphragm valve of
the electromagnetic valve actuation type is used so that it can deal easily with high flow
rates O andl

The operation of said split pressure-type flow-rate controllers FV1 and FV2 is
identical to tl'Tat of the flow-rate control system FCS.

20 With reference to Figure 2, if the relation P3’ > 2P3 is maintained between the
pressure P3 inside the chamber C and the pressure P3’ on the upstream side of the orifices
3a of the centre part orifice plate 3, then the divided flow rate Q1 can be controlled on the
basis of Q1=(]rP3’ by adjusting the pressure P3’ using the control valve CV, where C is a
constant deteﬁrmlned inter alia by the cross-sectional area of the orifice 3a, its shape, and

25 the gas temperature.

Referring to Figure 2, said divided flow-rate control board FRC is provided inter
alia with said1' power source input terminal T1, the input terminal T2for the start * stop
signal [which|opens one of the control valves CV of FV1 and FV2 fully (i.e. to its full
extent) while !opening the other one to a set patency], said initial flow-rate ratio setting

30 signal input terminal T3, the shower plate combination indicator signal input terminal T4
which is explained below, said automatic zero point adjustment signal input terminal Ts,
said automati¢ zero point adjustment error signal output terminals Te1 and Tez, said control

flow rate signal output terminals T71 and T72, said set flow rate signals Q1 and Q2 input




pressure (Tory) at the downstreamend of the pipe, and Qthe flowrate
(Torr.L/sec). The pressure (P3' and P3") inside the pipe on the upstream
side of the shower plates 15 is cal cul ated using 1~ and ~2 above, with the
i nside diameter of the orifice hole of th hower plate as D, the |ength of
the orifice hole of the shower plate as L, the internal pressure (Ps =

0.015 Torr) of th hanber as .the downstream side pressure Pz, and the flow
rate in eazzht°8P'inFFSc1§‘ hotte 24 Sat‘ﬂanénpf-lfﬁ‘%i‘?‘ﬁi"é apnompgalitysglpen puippbigrminals Tor + Toz,

o  par Cont 1ol oroaeiied 10 te ieashlerilod bFroblecipRIes FYD=SEEH: v ficiem ng
(i nitial 1/ 20canediondbeeELi, M2 nput si gnal 1/ 30. 5570. 578= SV) of FCSVz

forl/40.4810.498flow rate Qz2/10. 7360, 7Q7Ful I openi ng _ .
(initial3/10.60l 0. %“fg%vgﬁ Phec s anabisdneytied (e smd inpobtermingl B, rt]lmsspecfxm
flow rage lit BRessth& trRtid SRl A .1 Q er
accordi ng ?;ptlh% ps)sr egﬁe}f? i nvreér?i%fon ig%e%Iaglldgje% S%%F%?ﬁwgtaﬁggpg?%ﬁ%ﬁggdpo
Fi gures 1 an@itl sqtiflowhatcarstioin partisilgnas déssrilﬂmlbeildsvmuhéh emmvamlpaxv (}sﬁhén g@l
Tz of the diyi. flowrat ntrol board FRC, .1hen {he control valves

on both 5 ofs\ﬁklﬂgg‘&r scﬁfl&Q]?‘i{&gr #’F&WaFeé W F‘Ft‘?fdf‘? Br s fley raten Qe and &2 grapened
opened to theiifs filllbkteltl WRNEL thé\Geged @SWith hHeQ%F&BIe\?aWEB@%Og% &H&Fﬁd\f—gc}t%rom
the gas supply source S and adjusted to the flowrate y neans o e
pressur e- t yf@npB¢iis apencd dhadjedtedsipst winerd@ined Sompitheetilltopeningegloe xap! i t

flowrage c : FV~ FVz at a.,atio corresponding approximtely to
t he ra'?(?o bcetia\%/{;f%?\énﬁéel)ra\é/g%gg%e\%n?@‘fagfe areas of the nozzle holes 3a and 3b

of the shower pl @¥een 3s@pdightl 4 ingered td th%_i?%kdﬂ%t _ﬁ@%ﬁhé/;;%{ztmq P%}F/gigg%vl e 0

havi id.tatal f] te t a prescribed ratio ~

12 @755 © Pofh s ol Rt Pe Pgnael PRTHERNEY  jng 8¢ saysbntinly o the
nbi nat i tt I : . - e s, di schar ger.

o Do that ore combErmdrcs S0 B BB ERnCy A8 ishepmalDeliFy fREATEHEHE o,

is first inmetapuntasjistpernt sighat impot tohindlel's fansutbhefic 2o ipbint hdustileavorias e

' i ng..signal js abtained fromthe desjred o o
ratio o tti Wuie ;I)r%ss%re-%ype ?low-rate controllers FV1 and FV2 before the actuation signal is inputted

to said input terminal T.
If automatic zero point adjustment is not performed as required, then an alarm is
outputted to the automatic zero point adjustment error signal output terminals Té1, Téz.
An initial flow rate ratio setting signal calculated on the basis of the supply flow
20 rate ratio Q1/Qz2 between the flow rates Q1 and Q2 for the split supply lines GL1 and GL.
respectively, using the numerical values listed in Table 1 given below, is inputted to said
initial flow rate ratio setting signal input terminal Ts.
Referring to the embodiment of the present invention, said flow rate ratio Q1/Q2 can
be set to one of 1/1, 1/2, 1/3, 1/4, 2/1, 3/1, and 4/1. The initial flow rate ratio setting signal
25 calculated based on this set flow rate ratio is inpuited to the input terminal T3 in the form of
a 4-bit digital signal. The flow rate ratio Q1/Qz and the initial flow rate setting ratio signal
are of course not of the same values.
Further, each numerical value listed in Table 1, as explained below, designates the
ratio P3/P3’ between the control pressures P3’ and P3” upstream of the orifices 3a and 4a,
30 where the control pressures P3’ and P3” upstream of the orifices 3a, 4a required to
discharge said gas G at said prescribed flow rates Qi and Q2 are calculated on the basis of
the calibres and numbers of the orifices 3a and 4a in the shower plates 3, 4 connected to

the ends of the split gas supply lines.



flowrate ratio Q-/Q on the basis of Table 1, and the obtained signal is
inputted to input termnal T3. In particular, where the conbination pattern
of the shower plates 3 and 4 is PATTERN 1, and the divided flowrate ratio
Q~/Q i s 2/ 1, the flowrate setting sijgnal to the 20 centre part split
pressure-type flowrate controller FV ~is S - 1.000 x S = OV, using Table

1. The initial fl te.satt i gnal. to.the. ed t split
or essure-type 11 oue RS 4 IR sPrbihiion Of s Shaye hGe ariies plais) 36 oftts =
1.32V, from galdisehdreés Dd) D% ieHpIREEso saliekahiAkER,. ﬁ{‘pairﬂ&&l%l@l%t% p%s&ﬁt e

setting signal, of O/ 1.32 is inputted to input termna n accor dance
with the entSRhafERent tyaekings of cgntre parshaates plase 3 eregevviidad) ohe elippawith @20 25

to both of t it - ] l.ow rate controllers is calculated in
advance usi ndggllggg?éé af?&lgério&”%rﬁ&e’%}w a{m i‘%esést%%@ay’it&VOi%ﬁ‘ﬁféeg? BTt HoweRput
terni nal T3.plHoveveprovited aomealquippadvithS.60ohigicEodd, awd 1 dt&r%ﬁpm%ﬁicgé 8a.
That is, said flge/v r@i&rg settia],lg signal input termnals Tsi Tsz could be
provi ded, and the i VHGER! FBRnpUAns of snid shevepplatend ot dre pradeiermingds manidiy
respective toebmdlratiod BEtHddh { [Grstioned i g he
internal CPU, and sail.g initi aﬁ\ﬂ%ﬁﬁ%g\;\%@&gﬂgéﬂagg} tﬂlg%%%rquﬁge glqwefp\isaée%oul d be
cal cul at ed WiRVEER0DeeificRUsta (Deretraites eglled PAGTERN 1 Y)and ttrrdth@fcotbmatby bogd

fl ow supply, omat i,¢ _zer o, poi agdj ust rent shoul d be carried out on the
split pr essﬁpg&%@‘g%eéﬁmqgaﬁg 06@%?%@4@@55%“@@#% fhavipg 436 prificesgtaan

aut onall ¢ zegh&repafieicafed PATTERN B lgidi@u ki : i.pal. Wt h

ref erence tg Fi gure Cg, for the s?a%’??r%é]%ég a%%b%ﬁ%@ggélgﬁ‘rgg}{g% dati on
(start) sighdlT] pprd iaputted tp spiditeralinal4, and then the presence of said

start signal is i £ Once .t he i pput of the start signal has
been acknow edg e?,afdt {1&3 ?rg¥ gg&%@% %é%pugslgﬂ%\ﬁgﬁ)ub Fﬁ’g‘ﬂ‘@agso% ?ﬂ%&?zcﬁﬁe PHatcat or

si gnal (t he teatinas forsndjcaing thhéstiroh A5whreRs (dcARVAbRGate®) GLLH ?é]f tEe gpﬁ't and
the presence of an injtial fclowrate ratjo setting signal whic as been

i nput t ed t o PFEFHFHRYIC Hesv-3ate coutFolferslV | s/ zin, opgyasinns and thevperttrob flowiretes

initials rat [ i knowt edged, the stepw se
changi ng of ‘%%%1?% ﬂlgh’v;sltglgeg} Q? flrzdw@?g{eeorﬁ ettt??ﬁgthrgg?%\é\g? 6%%“(98&\%@5:%5%8TEP 8).
Speci fically, wh&aidfiey raé tdtahg §iboaVifplt GrialalOTs 6t Th M (8 ihals |

to termnal T3 10 8i n this errbgo.dlgrrentél t he val ue of ?%éﬁﬂl)lgqua{mewﬁ? fdgvp“ﬂ% e
setting rat S@npls of073%Y couspendingta the flowd rafes G and Qe sspliddrig theadpliesdpply FV~
is OV and thead LHu?c{ Uow rate setting value for FVz is 1.325V), the
initial flowrate se ?‘l ng values are inputted to both of the split
pressure-type fl Sincealictoed flotvolatee $s SVby archpkiYéars vl p?élﬁlreﬁ%éjﬂ&?-'?%tém lers
Fv~ agg} Fvz gass[ t he %%s at flow rates corresponding to theinitial flow
rate <ettin§VH§EEeM LS, and Bistinigel Howwpte mtie seBingsignat cal¢udatad en the basis of

correspondi g ARy FAE N At terdl t te he termnals T~~
and T~z. Said control _f_I(%l\%Q%rlzﬁtd1 oﬁ?%ﬁéé?lg{ﬁgﬁll?f@?ﬁ%vgfﬁf@ﬁ oYY rﬁfeesgbﬁ’lge-type
flowrate cognelobftheslivided fompateeqQ: wid Q2 téebd dnomatidally selctiantd ihd@dihe TrNal S
at STEP 9 t%PChethLyf i:tt.here IS anﬁgdev.i ati.on between the input_ and output

si gnal s. PRSP FOURY e sty h BT Bes Reret flosy esesettingsigngpubor thedlayut put
751 oot yBIETEL D G SR B g

setting signals to the split ou owrate contro

i ncreadsed sthegliveeates Qt el Qacmild bé et (mfepeleBRBE )t thSHHR &é&ureﬁ?ﬁﬂ&k&ﬁt‘e' Y
t he i nput val ue of I‘Lhe flow rate setting signal to the split flowrate
control | er BRAGOLEEFY ianddi\odp opder (oydeal afith agituption yhere dket@tal flopwiateQIeynrbd0%
-~ 50% - > §O%: Wihreré@Pyredisi o B 1A S O S TR Angpus!
the i nput val ue of %rhe @Tdés\}v&?ga? téhe)sug?[![r ipar?égplglssglﬁéaﬁ%te gl O?‘ﬂgat%g?ﬂt“i"wﬁm ?%e"
control | er Plrerefte gashe suppdisd dirbdthywromatiee Fatakntezas Suppdy ssiredS &othasplito
maintain t hgregsq{rrgt}fple%wr-%ttee ccgn?;[olllgr's FV1 and FV2. For this reason it would be desirable that

30 said input terminals Ts1 + Ts2 are installed.

Said input and output abnormality alarm output terminals To1 * To2 compare the

flow rate setting signals for the flow rates Q1 and Q2 with the control flow rate signals

(actual flow rates Q1 and Q2) and sends an abnormality signal if the deviation between the



In particular, in accordance with this embodinment, the initial flowrate

ratio setting value is 0.736 (3.68/5) [said initial flowrate setting val ue
for FV ~is 0 (5 - 5=10) V, and 30 the initial flowrate setting value for
FVz is 1.32 (5 - 3.68 = 1.32) V], and saiq4nitial flowrate setting value
of 0 (5-5=0) Vand initial flowrate setting value of 1.32 (5 - 3.68 =

1 S0 - = AT BRELRNEG Yh ] SRE MR FB GoBialecierehiiawnd tosiereerban a
(stage 1), prberibad valat efdniter BeBapse b8 af degrﬁﬁeﬁiﬁéﬂo& of iilﬁ@r eased to 2.5 (5

- 5x 0.5 = 2.5) ,{_lt3.16(5- 2.5 x 0.736 = 3.16). And W th |
S

4 . t he el apse of
every 0.5 seconds!tiueseat eabodiggnids grrangedsucke thantye snput end ewtpat sighal st e

 aq- . \ - 1.5. .7 t ;0. 4. 5-5
<0, 2) | a. Fa e Ty de hidd Batompuga Bl 1R wlitgREr e avigga oy
0.5 x 03 736)rafesvagel bbprd BRA. HowsvdrSinputand odtfd®kighald b$ 36l 2omnRmAatidn Covi36)
(stage 5). V\V}.en the deviation between the input and output signals at STEP
9 falls witH ﬁogrsggia u?“éinfgéthﬁén%%ltlaééGFWubilgli%f%ﬂ@dmaléhanges of said flow

te setting si | . af. L h Qw rat e ting
fnal s for ot he ony doafebirad il Bihe ild BRIES 1 diMBed hGYAE ol
return to tH&VianddtVags geralucted byesntrolling ke prosyert Bt sddyPProaaRe ie\gnSleagaidcSTEP

11), and thep.t resence of the deviafion between the input and out put
ignai o i s roudfs BTRE EResy s eriuaaar s she Bt eRboNEIen g deth

out put 161 gngirsssarie-tFFER0W ra ¢6RHsIeAs M'a MRl 19, &@h&&%@ﬁi@g ;l?gge e cﬁ%&@éﬁiétﬂg. full

scale (that is, 5V) for nore than about 0.5 seconds, . erm ned
that there iS8OWR imBigyravhas hepween thpecttiog sighalo (0 adl) ftrahs flopwhee Qs had ge, hoves

on to the n t | st ence. of deyj.ati on between the input
and out put | srordiReRue iTbol Saftie b D eBus T 53 FotifF ertueigimmereang Srep
13) to causeohtnel fidvowité)at e setting signal 20 inputs for the split flowrate

controllers FV i and FVz undergo a ramp change at the sane rate or degree
fol | owi ng on froMi§4ie4pt & gnrhica) prasentation 96 numericad velued @lql@teoli\;aglng,fhestml L ic
expl angg i on, id @B= | ' rat eqsetting signals Is carrie
out i npgs uchr?itE Eglnc{]er tﬁgt@ Pﬁsed %r%\ﬁvétgﬁgéﬂéggflﬁ%t e§?16tﬁ%{%h1p ltj‘?’eet"c}h? H’éﬁ -t
flowrate rateQ, the control pressure P3’ for the centre part split pressure-type flow-rate controller

FV1, and the control pressure P3” for the edge part split pressure-type flow-rate controller

FV2, for the combination of the shower plate 3 having 420 orifices and an inside diameter

0f0.2mm ¢ for the centre part gas discharger Dc and the shower plate 4 having 360
20 orifices and an inside diameter of 0.2mm ¢ for the edge part gas discharger De (PATTERN
" 1).By way of example, where Q1/Qz= 1 and Q = 1600, 1200, 800, 400 and 100 SCCM,
the mean value of the ratio P3”/P3’ between the centre part control pressure P3” and the
edge part control pressure P3” is 0.961.
Similarly, Figure 5 is a graphical presentation of numerical values calculated in the
25 same manner as those of Figure 4 for the combination of the shower plate 3 having 480

orifices 3a and an inside diameter of 0.2mm ¢ for the centre part gas discharger Dc and the

shower plate 4 having 476 orifices 4a and an inside diameter of 0.2mm ¢ for the edge part
(PATTERN 2). By way of example, where Q1/Q2=1 and Q = 1600, 1200, 800, and 100
SCCM, the mean value of the ratio P3”/P3’ between the centre part control pressure P3’ and
30 the edge part control pressure P3” is 0.999.
Table 1 is a list of calculated values showing the relationship between the flow rate
ratio Q1/Q2 and the ratio P3”/P3’ (i.e. edge part control pressure / centre part control

pressure) for PATTERN 1 and PATERN 2 as shown in Figures 4 and 5. Table 1 shows that



controller FV~ having the greater flowrate Q is subjected to a ranp
change of 10%/ 0.5 25 seconds, whilst the flow rate setting signal input
for the split flowrate controller FVz having the | esser flowrate  is
i ncreased contenporaneously at the same ratse (STEP 14).The deviation
between the flow rate setting signal input after application of the ranp

change and t | f.l ow rate.signal aqutput observed at that
i mo it hen Taioeianip a ARERESEY 4 s SHolofi i Aitihuninfonyas T tovterafies 3 and 4
descri bed abinvee and terflovgrathakio /LK isath ANihes 1fa4ns PP?P%%&Q% Qb1 and

output at stage 4 of STEP 10 (i.e. a flowrate setting ratio o
4.632), the PSS EY frdbs ¢ontig partgakit pressore-tyne floptiate donpullerdt\é andrihe cdritel s

FV i and FVz,ai&rd B¥ e at age 3 of STEP 10 (i.e. a flow
rate setting ratio of% ﬂﬁge?gaﬁ%g%mt EFe@%uSe %ﬁ’gﬁio‘%ﬁ%‘%c?’ﬁ’é’ﬁ?ﬁw Fate setting
i nput t® thecomppiutatiopabg896&-type flowrate controller FV~ has been set to

4.0V and the flow rate setf. input to the split pressure-type controller
FVz has been set V\$adg ?ﬁtbo ‘P%%Eﬁ%h)@‘?@h@de@é?@ﬁéﬁé@lcwﬁteﬁ@ﬁmsxh@ﬁélnwmg)f a

devi ati on bedonafifationGoirg fRREnARIctRHE: signals is confirned once again at
STEP | 2. The ranp change of the flow s rate setting signals then comences
at STEP 13. The fThsvgas ratet Qiimg piiegnekpresspdias of 4.0V to said split
pressure-type flo&/-_r@tz co ro@b}er FV~ is subjected to said ranp change at
arate of 0.5 V /20.8*dBko sowWhile the flowrate setting signal input of

4. 264V th [ S fl t troll Fvz i i d at
i 28300 the soybyerestescueung, e can ol Lot T nercised”
devi ati on bet weenyisaéid d h&%{aﬁéfs%ox%ﬁf&dneggﬁ/b#@,?? e RihetdPb R pﬁ% J?%E{L ihg

subjected to the ranp change and the contro ow rate signa
checked at Symgth e6the\nipalengtidanaPi dre pressnet(Torpat the hpdtreas: dnd of alys pipé) € thd

falls bel i i ly f i , e.qg, f
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control lers FV ~ HrprésvaredPe ahil PeY imdige ﬂﬁé?gﬁe_ﬁéﬂnﬂﬁé’ updtrebRSsidd SMhé %o‘ég? ?ffftést”ﬂe

15 si gﬂ?l val ues of STEP_14 rélspecti vely P 16). Lastly, in ST

exi st ehte ons fienlaied ysisgdeansk C} shovepith thefingdd diafnietee df thedrifiat hokiofels f | ow
rate setting,signgl is verified, .and thus automatic control of the divided
flow rate b3>h9w§r @f}ﬁaﬁ D W?@?@f%wﬂp nalecofitheshomigr pigte asdy, theviatatnali ded
supply of theesdmlegriab.og I . | u Snl S
acconpl i shed. 20 $hat_ i s,gqjtoﬁﬁebpngf grﬁi&rgﬁj%agiﬁ%dq]‘%ﬁ\}ﬁﬁ%ﬁ? 1@%&8‘?8?%@@? QWV
rate Q fromrétgan gaek asifisplhplesasubeBo@rits Qi vi ded in the prescribed flow rate
ratio Q-/ Q such that it is supplied to the wafer H placed inside the
chanber C via the gas dischargers Dc and De. Effects of the invention 25 In
accor ddhce viabke t he present invention, a treatment gas G having a flow rate
Q i s divi ded—apd—supp! ;ed o—apressure chanber C froma gas supply
appar at us equﬁbﬁﬁﬂ‘“\ﬁjrﬁﬂoa r esSBAFEERDDE f | low- PATTERNY o |dpitiad floRGate

t hrough spljit pr e-typeH te—controkers—FV—ant FVz, erein fl
rate control of t Z(s{spl it :)rebsog‘l{ﬁol-ﬁt‘w)'éreflovﬁ?'gtrg' RISSUrE| || SAHOESHING 5 g v
is initiated by nmeans of ap i ntatiod:;”fH:ow rlat e ygapPE9Py>set ti ng signal 30
froma divirded+flowrate -control bhoard EFRGQ which causes the control val ve
CV of the pressurédltype flpwrat8%éntrolller for09%2 great|dulldipenide dinitiabw)
rate to opg¢n full and Wherer m {hggtTeatment—g +s—di-vi ded and, supplied
to the contraoll erg/zFV ~, FVz at di iﬁz’ged flgw rate '7®~ and égt%&ﬂﬂp&? as
flowrates|Q ~ = @3 P3" apd z=02B3" (where C ~pamgl Cz 2058y of FEEatfent s)
by adj usti ng—the qr essures-P3-—and P3" gn lthe downstream 3i de of said
respective|control’¥alves v, usPd§lthe ori fi ces0-4%8 and 4a o™ Rz hower
pl ates 3 afd & proyraed T tie ciiagper—C—Comse t—y—art-cot-th :
present inyenti on?)ﬁeven Wi I h treg’??rgnt gas fromq(?ﬁ@v gas SLJEBlHPp%B&El&FE
equi pped with a ppgssure-type flgworate cqntrol gysfem F >set¥iﬁ€2r§3ﬁ?§§h§le Pz
on the dowmmstreamside of the orifice of tlhe pressure-type flo ate
control system FC%¥lis not pernmi tP880to rise shar®b§0 at the=tA\WefdiCSV for
splitting the flow, with the result that tlhe total flow razle Qfa@ be
controlled[to the desired flow rate value |with precision 1 &é§8r'8l%ss of the
di vided control by neans of the pressure-type flowrate controllers FV 1 10
and FVz. According to the present invention, operation of the present
invention can be perforned in an extrenely easy and i nexpensive nmanner
because the orifices 3a and 4a of the shower plates 3 and 4 provided inside
the chanber C are effectively utilized as conponent parts of the split
pressure-type flowrate controllers FV i and FVz, and, further, 15 both of
the split pressure-type flowrate controllers FV ~ and FVz are practically
identical to the pressure-type flowrate control system FCS.
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Furthernore, according to the present invention, the initial flowrate
setting signal causes the control valve of the split pressure-type
flow-rate controller having the greater flowrate to be fully opened
(opened to its full extent) and the control. val ve of the other 20 split
pressure-type flowrate controller to be opened to a degree equal to the

full opening x a [ i.S _a,co ted opening ratio P3"/P3 calculate_dln
advancg in gccordg?r{lgg‘gle@moﬁﬁfflf?@lxlpgg lvflﬁﬁj%\/ﬁparsé? %g]i‘aé?%eé agyarding 19 gie REiAenci ng
di vi ded fl ovinvaitndesiplaihed BélI6HwEi N rough adj ustment of the divided flow
rate ratio Q/Q |s performed first by stepw se changes of _sald flqw rate
setting signals, Wi refseamee ighltigutes liand Roifithie adtartiontsignditinat inpnttdatoviman t he
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si gnal s5 haveofbepresairertypedlovoraidl€ormdusrse HdHVREEHRLE b theil 181 EL@NY, Aate
setting input lai’. nal and the contral flow rate output signal are then
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d FVz. As esuylt. the method according to the present invention nmakes
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flowréde coptrollers FV ~ and 21 FVz with extrene pronptness and

precision with respect to many flow rate ratios Q-/ Q. As explained above,
the present invelewrfondinidsdsuprx obtheeas G Ipvingt saibtotad fibaciate Q at 2BreGiriieds A

hod of i i.vi ded 0 a.chanmber from as_supply appar at us
o e v HRL R Rl 99 Gh° A R SRR 903 ) Pt
with a set fthovombingtidQ pasteriipithé sitbviddipltes THADEK (hEgad digCHRRPCHE Fgcgvnfreg@efe’

t ti / froma gas supply apparatus 1 equipped Wt '
Qf}pﬁl )r/as;/gt ‘%ﬁ”ﬁ%}@@\ toath% |CU¢Saq>ﬁptE§/ spiit supply dines Gp! yl;d ‘Ehesrﬁes;u mptctm_cedﬁmfplmin fl
h | at : . el _ _
o esaur ot yre A eahbT i Bob/ s hLGE B L eGed Frodhid oBftsar 1 ¢
of split sudlowratd ngs Q2 anthe Ghsis o£Tuble blandfthd stRaidedsiend i@glpgﬁﬁmoqulﬁf

said split 10 f.l \Afrate controllers FV~ and FVz is comenced by neans of an
initial floif%?ag setting control signal froma divided flowrate control

T, o PRt LR U LSS ER . o
PATTERN 1, and the divided flow rate ratio Qi/Qz is 2/1, the flow rate setting signal to the
20 centre part split pressure-type flow-rate controller FV1is 5 — 1.000 x 5 = 0V, using Table 1.
The initial flow rate setting signal to the edge part split pressure-type flow-rate controller
FV2 on the edge side is 5 - 0.736 x 5 = 1.32V, from Table 1.In this example, therefore, an
initial flow rate setting signal of 0 / 1.32 is inputted to input terminal Ts.
In accordance with the embodiment, the initial flow-rate ratio setting to be inputted
25 to both of the split pressure-type flow-rate controllers is calculated in advance using Table
1, and then what is obtained is inputted to the input terminal T3. However, as an alternative,
the following is also possible. That is, said flow rate setting signal input terminals Ts1 * Ts2
could be provided, and the divided flow rates Qi and Q2 could be inputted to the respective
terminals. The data from Table 1 could be pre-stored in the internal CPU, and said initial
30 flow-rate setting ratio 0 / 1.32 could be calculated within the CPU.
Of course, prior to the start of the divided flow supply, automatic zero point
adjustment should be carried out on the split pressure-type flow-rate controllers FV1 and

FV2 by applying an automatic zero point adjustment signal to input terminal Ts.



and the desired divided flow rates Q- and Qz are supplied through orifices
3a and 15 4a provided in said shower plates 3 and 4 by adjusting the
pressures P3', P3" on the downstream side of the control val ves C,\/ W th
the flowrates Q- and z bei ng expressed the formulae Q =ClP3" and
Q=C2P3" (where C~ and Cz are constants determ ned by the sectional areas

f th ifi h 3a_and_4a. and the gas tenperature on the upstream side
of the orifice). SoMAraRy SEisBrf e R SebEAPeHABOAETEr 5 th aebiion Gt ho

chamber C. Zsignates ipticoto erpplayTH)andinth Wepd@sict BE Qidstah AMES is Cedif AMSTEPAS
supply appar tgns e ui,Speod witra\l a .fllloerate confr of éy%tergn{@o | 8#\&1@% as
claimed in c&ahﬁ‘?ﬁ? SARBH Off thet shast gigndl desibdaneeknawledgednthe piresonar af aFRGwES
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flowrate coftPgp 1¢h@ TBP27)- and i nput / out put abnormal ity al arm

tput term nals = : 1LL ] anal s an the basi s, af

ggvﬁgti on bet meenwgiﬁrét%lqge\]/jt%gtt%er@g?‘ma&\%ﬁﬁﬁ6utlttlg isﬁgi]ﬂ?s%ﬁﬂ’ %%80%’&%5?@@? | ow
rate out put si¢nyrisd ehahgngtofieaid phitibl fﬂnvemlw Efﬁtlir!ig/ﬂﬁo;sigfﬁw- n%@hﬁ?rg@mgn%p gy ;dFV~
30 d FVz, wh in with regard to.a plurality of conbinations of sai
shoa/gr pl gt es gra%f’cfcﬁcaﬁ%\é’ﬁ‘%f‘ﬁ e’@&??QOWOTP@ITPWI%“@&S@M+s oputiedonsemting dgh
the shoower pimihesedbaiserd, HRSAREIVR Mithl AbRGad's fInf Fefo 169758 \Qpérg%h%/igﬁ%
pressures P3' and P3" of gas flowi ng downstream o he con I S
CV of the splaw raie eafting ealvs fos FVi a0 ¥ and thel ihitiab fl6Wiratasettifyzalat éoraa Gyl at ed

par arev o for 5 gt SE ALy b Tling st Beter Tt B aphemcavee
setting sigritdw-tare torrailets BV ParRISEWH Rich YHRE sdidl e¥itFiehs Wnﬁr{dﬁa \léz:ﬁe\s/g }{\:é (ﬁ%s Pfav' ng

the greater flowrate is caused to be an input signal vo \ trull
openigng of tIHE EstGosesReRding to i inisial Aewirptietsetting Vhlwes, mdtile coptrol e sdtgnal t o

P/ P x Ve oSS ek it B bl A S8 A eEutSHB TSRS Tt ne
shower pl atesdJI7and 4 and the ratio P3'/P3" between the initial flowrate
setting signals fS%Ed CSO?‘litr%] ﬁgxlvirgte%ﬁltep%? gizgga-.lg ¥oeesaid split pressure-type flow-rate

controllers are compared with the flow rate setting input signals at STEP 9 to check if there

is any deviation between the input and output signals.

20 If it is found that the deviation between the input and output signals exceeds a set
value for a prescribed duration, then the flow rate setting signals to the split out flow-rate
controllers FV1 and FV: are increased stepwise at the same rate (or degree) (STEP 10).
Specifically, the input value of the flow rate setting signal to the split flow-rate

controller FV1 for the greater flow rate Q: is increased stepwise by 100% — 50% — 30%
25 — 20% — 10% — 5%/ 0.5 sec., and contemporaneously the input value of the flow rate

setting signal to the split flow-rate controller FV: for the lesser flow rate Q2 side is
adjusted so as to maintain the same flow rate ratio.
In particular, in éccordance with this embodiment, the initial flow rate ratio setting
value is 0.736 (3.68/5) [said initial flow rate setting value for FV1 is 0 (5-5=0)V,and
30 the initial flow rate setting value for FV2 is 1.32 (5 - 3.68 = 1.32) V], and said initial flow
rate setting value of 0 (5 — 5 = 0) V and initial flow rate setting value of 1.32 (5-3.68=

1.32) V are respectively increased stepwise at the same rate by 50% — 30% — 20% —

10% — 5%/ 0.5 sec. With the 50% change in the first stage (stage 1), the initial flow rate



10 flewrate controllers FV ~ and FVz have been inputted respectively to
said input termnal Ta and said initial flowrate ratio setting signal
input termnal T3, the flowrate Q of the gas supplied fromthe gas supply
apparatus 1 is set at a desired flowrate ith the control valves CV of the
split pressure-type flowrate controllers FV ~ and FVz being fully opened,

wher eaf ter apy; I: O 1 i.gnal JsS_i t t aid start signal
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setting signal ge,%% verified (STEP 7) once the input of said start signal

i s confirmed® flesqriggn the initial flowrate setting signals Vo / Vo x
P PS O o heasaislts RCgSUIOEYDY Sk BnERFgant Tollors PV 1 and Fvz

obtained fromsaid flow rate ratio sSettin are 20 progressively
i ncreaséd st epwiddeSats xRQ)sadb4(atd { GTHED (Sape8); STEP 10), the deviation

between the fl ow.ate_setti Lnput signal and the control flow rate output
si gnal presentl${S£§e%§§d5/g%éh2€1€@dss’( %’?ﬁﬁ) @GYageA); and peing found that the

i nput and out put.7deyiat 005) 54 M4 B -Dpas5S8 77 hen the flow rate
setting signals_to the di vi)ded fl(glwrate cor???%%ee%)’s FVi and FVz are

reverted to 25 Wenthedgvigsiondstweendheinptibape autpis sizpalaf STEP YIE!ld Witkih-aet put

devi ati on f it i saidset STEP.11 ), and thereafter the fl
Fote serti ng et i thios? e SobwlsB R Fieb DT iaid hate opitin Sigpg iobuAdhe nputy e
subj etded halsoatR MHARGEsing AenIAIER AR ASHERLInABLSTE a&@vg’%ie' e

the deviation between the input and output signals is contlnuous ecked
(STEP 15), &RBSSAHeACtn tp $he pnsignshvaluercfon thei intmadimtdy preveding gt (FTEP anyl
out put si gnalhg 1R j I t - time of the ranp change is, within a set
range, the flow r atEl gggeé%rtﬁieﬁgt% dﬁ%gdl?lg}llrbgt&feg{’ g}eéﬂp‘éttagﬁr‘?é’fp“f ?lﬁ’éaléfsere?}le%‘?ﬁ and
mai nt ai ned d8TERE2).l ow rate setting signals for the split flowrate

controllers FV~15§1Qd FV%. ggTEP 16),. thereby nmaking it possible to effect

di vi ded supply Gfsdgviptighderyqen dhs ingai andrquinyt signals eh$ BER Stexcards sivginal s. 3 A
met hodl1 Hf supatidoRdindityi ) appar.at us
equi pped wi th aéﬁf I'ow(-é rtg? ?ﬁk&ﬁ?%&%‘?éﬁ@ﬁﬁgg{’%ﬁ?‘%‘gﬂgﬁ a(lg?%'tﬂﬁ# )2(6,00 F}%?F‘ﬁt t he
stepw se chahgemiinghaf thew is an ebremalitygn shegteriasion ang tessshwise ¢HAREERSFPOL N
of the flowogl%ﬁwsr%t&itn%S signals at the sane stepwi se rate fromthe
initial flowrate S&ttfHYy val ue (100% by 50%to 30%to 20%to 10% and 5%

every 0.5 seconWsen theAxiedeeds 9 HenhiH Bl SertihY iirg%ﬂ ?@gfutégss?%l%m?’?e%ﬁgﬁ‘;i%g ?n

gas supply afgar atus equipped with a flowrate mas C
clai m 2, whét eThP d2i gmpepireheonyeericss (FFERI Do sach thehdw bt Bettifig siealf | ow
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rate or degree following on from the present flow rate setting signals.

By way of specific explanation, the ramp change in said flow rate setting signals is
carried out in such a manner that the flow rate setting signal input to the split flow-rate
controller FV1 having the greater flow rate Q1 is subjected to a ramp change of 10%/ 0.5

25 seconds, whilst the flow rate setting signal input for the split flow-rate controller FV2
having the lesser flow rate Q2 is increased contemporaneously at the same rate (STEP
14).The deviation between the flow rate setting signal input after application of the ramp
change and the current control flow rate signal output observed at that time is then checked
at STEP 15.

30 For example, in the embodiment described above, assuming that no deviation is found
between the input and output at stage 4 of STEP 10 (i.e. a flow rate setting ratio of 4.5 /
4.632), the flow rate setting signals for the split flow-rate controllers FV1 and FV2 are
reverted to their state at stage 3 of STEP 10 (i.e. a flow rate setting ratio of 4.0 / 4.264).



5 A nethod of supplying divided gas to a chanber froma gas supply

appar atus equipped with a flowrate control systemas clainmed in claim2,
wherein if the deviation between the input and output stays continuously
nil for rmore than a given period of time, {fen the flow rate setting
signals at that nonent are fixed and maintained as the flow rate 15 signals

for the flo I V~ .a A net hod of supplying divided

gas to a ch\(il\/Tn{])éH %?ér;egﬁg ;9% gJarZi{essﬁgp gﬁ“%‘gﬁ%\{gtsﬂgt R ppac %]pyvhrage Fngiptlerdi i has

contr ol systbcfmasttolmmdd the flvaiale sett@g iBh@ito i s Wﬂﬁk@éu 1ype chRESIRIV, has
at 5 ~ 30Torr, gas pressures on

pressure of the chanb rral nt ai ne
the downst r eXifSFHE 4o%eg4VhQ§IT §19, the exisignes. arynes- eﬂ(lS@ﬂncc af edc\aaiMmbdt\eecm 1R/~

and Fvz are g t | w rate is set at
100 sccm ~ 168\3tt E}sngcorlﬁr)lgyut g%agtg ﬁsgé%éllh 81?1 ggéﬁ%el é’\?v% gﬁﬁk’ f e@ﬂ“@fhﬁ efihe Jov-
1/1, 2/1, 3J@te sstting/signalk themedrhoenaet asSPRP Y3 Mhecion Hfdsdise ,gﬁ, ABPEDY
froma gas %P%Sf?g ar at us e ui pped with a flowrate contro tem as

claimed in cf ToR§UET- Hﬁpﬁ O esantioHer i isisabiegtedio %ai@nmeqltangegatsm gnal
f th fe d t FV
o, e, ore e 10t ttsgr e U, O SO ALESFA T o

having the greater divided flowr

openi ng of tméssét?n&yp@ﬂOWallatﬁecowoll@rHié/zasMtcrcmlsed/ailthagﬁe oSV xf®736 Hbl3egpeni ng
of the contrpk valye CV having the greater divided flow rate being Ov, and
the range of t e control vol tage being 0 5 V. 8 A nmethod of supplying

di vi detl0gas to Sulssequdnel, the deviatiGalserdedidayd

flowrate congJ r ol systeIrS111 as cllal1 med in clai %&gé‘ﬁt\%grﬁgg%gﬁﬂ%@ﬁw}dﬂ M(} ben
out put si gnalictisd g therampichanss ad thﬁr@nﬁ‘bbﬂd\edatﬁlsmlrthcmmecbéd HeARP FRC
are serial comyER, ut Si

A5, A@. A, 2. b A a&ekﬁﬁf’h}% %%’0%}}&? 'R S “At s below|thoprescaiapd value) A Al

,s?7@ contmuously for a given time, e.g. for 0.1 seconds, the ﬂow rate settm s1 al 1 uts_to the
a ca] ca ca] ca ca] ca] cal cal]calc ca] ca }] ca]

r $&nz&x. 5} xsnhd Z]c @%

ca] ca] ca] ca]RH] 6%1 8 Tre Ycél]% Y%:%IF Rad gng mpintdipdl @)the ﬂ‘bwjrmaﬁngj >Z@
AAWBX BB (:(:(P@;@a@] WIHRG T Sea] it] @] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal cafcaf Tcaf a] ca! DGEEE) GGGH HvHHHLI ~11J6JJJ
DKKKKK) L- L; Lastly in STEP 17, the existence or non-existence of the input of said fixed and

Ia] EW}/C i%) ?1]0&1 ‘]g[;e] %ﬁ]% %ﬁr% ]}gf%/]ém cal ca] caV]ca ca] ca] ((i:lal]d%g] cajc

Y#Y&Y) Y, Y/ merfﬁtals sphicovpritabdnddt cajcalc
aJ ca] ca] ca]ca] ca cayjcg ga ca\/]ca] ca] cg]}sgl?},]g IﬁfJ lc}%]a‘ié ?lgﬁ}]c%ﬂjy% =kHkl mm
nBnnnnLopp; materia gas (ﬂow rate Q) from the gas supply source S is accomphshed

7rr sstltt cal cal ca] ca ca cajc
g]qga] cza(]ﬁca] cal crfa]%cgk] cal ca?llg%a])l%ﬂ Fch%vc@f% ]]eé‘leﬂc}]eb ai%é]cf&m]‘ ) ] ] beal
x>x{ (} ~] qgV8¢4rch Rsnditidev]ii reateselived Aed eak ea]@@]@@k&%] tﬁahpals ltsal ca] cal
ca] ca] ca] ca %{ L ajca caéca] cajcalcalcallr!} feaxsnl d zV] ]
] ca] ca] ca] c&] ? ‘i_i F‘S%f'&’ &] E’&F’c [Véeihe gpe dipehargcal Ba]aoéP@a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal ] y2IJWh{) FLZ[ -} xsni d_ZV]]] ca] ca] ca] ca] ca] ca] ca] ca]

cal ca] ca] ca]E a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
- BR>R] ffects of the invention

04 2 d Z
?iaic’%%izfz‘;] oo IR ER SR R bR EXbinge bpnbnrokaropbunpr e en) o
dpjided] ma
ol ol cal anelmakaminalio ghealaRkaahiale nbel eR oAl spd eal sal aaloglial 2
] ca] ca] ca] ca]eé%]r%xp@é]%}%m@aqodaym E&Schiongh spl]tqn]ssm]eetaﬂmﬂ]ma]wea' vA2Bd7#i
d z

ol e o U Gt
109BB&' (') - nrdridfdklels)F Vi and GXBEs ﬁl)tTa'ﬂecﬂW/ﬁémfs)O‘f ‘8H 3nitial flow rate contr

0] set S1
2X6! " YA 0%’ 4 F O%B BY () @+ FYL0SMEIEE () - & ba 05 B & 8880 &
B&' () 3é 3%%%’% Pireat gl pgard FRfomvbyausm@eromrqlme CV of the

=109B& I el \=1f1109&
el ¢ 0 pﬁg%loﬁ%&)do%@%dg’w@g%f ﬁ;ﬁ( %"6%‘)& Sovgals 10 ppenefitland)
&3109& () - CYIETEO0&e (rRatinchl SRR’ (9) dividEDSADEMp(idd fo tho¥datfolters FV1,FV2 at divided

fle%& z dE \ =1f 0s! 10%& 109& 109& f 1109 f O*
" 109%& (ng ( 521 and e 9xprés)secl: aSQOW rates(ez @ CiP3’ aan) =C2P3” (whe(rc): Ciand C2



10 10f:!10% ()-f8S 10%& ()- F F7
109 () - @GL$L0%& () - 4! 109 ()-fy2! 10%& ()-9@JE/ 10 |
10! @A0% ()-! @A0%& ()-!! RAAOYE: ()-! &@A0%E ()-! &@AO% ()- 10};h WUE:/
11 4@ 2Y940%7& () -Z! 0@ Y%40%b& ()-! +@Y%0%§ ()-! C, ZWHO%& ()- !4, Z%0%& () -
19, 2940% & ()- h sitlulvix!!""sQ@ 1$109%& ()- Z'$10%/&'() Z

$10%08 ()- Z%@ﬂ:%@ﬁi%?% /aﬁﬁxs&ng gﬁglpge lergg/ QCV Q ozrlllt %\\J/v%lstgga side of said

13' $10%& ()
1& ()- Y@$10%§s;(epa¢c GO €9 CVAMERORE bifibosBUMQYh &7 me sﬁé&/é) letJéé"B")éKJl %
13' $10% 10/ / 107/ 10/ /! OS/ 794.0% / & () - 1 0S/ Z9A0%&: ()- ! (

0( $109& () - HOVIdRY Bl geamber Gyod 0%’ () - ! @ILO% () -
@$10%& () - ! @ $1Q@uskquertt) Roriing'td B Fedoht B AP IV il {daiteit gas from a

5 gas supply apparatus equipped with a pressure-type flow-rate control system FCS, the
pressure P2 on the downstream side of the orifice of the pressure-type flow-rate control
system FCS is not permitted to rise sharply at the time of splitting the flow, with the result
that the total flow rate Q can be controlled to the desired flow rate value with precision
regardless of the divided control by means of the pressure-type flow-rate controllers FVi

10 and FV2,

According to the present invention, operation of the present invention can be
performed in an extremely easy and inexpensive manner because the orifices 3a and 4a of
the shower plates 3 and 4 provided inside the chamber C are effectively utilized as
component parts of the split pressure-type flow-rate controllers FV1 and FV2, and, further,

15 both of the split pressure-type flow-rate controllers FV1 and FV: are practically identical to
the pressure-type flow-rate control system FCS.

Furthermore, according to the present invention, the initial flow rate setting signal
causes the control valve of the split pressure-type flow-rate controller having the greater
flow rate to be fully opened (opened to its full extent) and the control valve of the other

20 split pressure-type flow-rate controller to be opened to a degree equal to the full opening x
a (where « is a computed opening ratio P3”/P3’ calculated in advance in accordance with
the final flow rate ratio Q2/Q1) for commencing divided flow rate control, wherein rough
adjustment of the divided flow rate ratio Qi/Qz is performed first by stepwise changes of
said flow rate setting signals, and then, when it is found that the deviation between the

25 input and output signals is within a prescribed range, the flow rate setting signals are
subjected to a ramp-change once the flow rate setting signals have been returned to the
ones one step previously. The flow rate setting input signal and the control flow rate output
signal are then compared with one another . When it is found that the deviation between
the input and output signals has been brought below a set value for a prescribed time, then

30 the flow rate signals are fixed and maintained as final flow rate setting signals to the split
pressure-type controllers FV1 and FVa.

As aresult, the method according to the present invention makes it possible to

conduct divided flow rate control by means of pressure-type flow-rate controllers FV1 and
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O/d.O%Ir" 1 () ﬂov[/ rate controllers FV1 and FV2 is commenced by means of an initial flow rate setting
control signal from a divided flow-rate control board FRC causing the control valve CV of
the split pressure-type flow-rate controller having the greater flow rate to open to its full
extent,
and the desired divided flow rates Qi and Q2 are supplied through orifices 3a and
15 4a provided in said shower plates 3 and 4 by adjusting the pressures P3’, P3” on the
downstream side of the control valves CV,
with the flow rates Q1 and Q2 being expressed by the formulae Qi1=CiP3’ and
Q2=C2P3” (where C1 and C: are constants determined by the sectional areas of the orifice
holes 3a and 4a and the gas temperature on the upstream side of the orifice),
20 thereby supplying the total amount Q = Q1 + Q2 into the chamber C.
2 A method of supplying divided gas into a chamber C from a gas supply apparatus
equipped with a flow-rate control system to a chamber as claimed in claim 1,
wherein the divided flow-rate control board FRC is equipped with a CPU, and is
provided with a start and stop signal input terminal T2, an initial flow rate ratio setting
25 signal input terminal T3, a shower plate combination indicator signal input terminal T,
control flow rate signal output terminals T71 and T72 for the split pressure-type flow-rate
controllers FVi and FV2, and input/output abnormality alarm output terminals To1 + To2 for
transmitting signals on the basis of a deviation between the flow rate setting input signals
and the control flow rate output signals for the split pressure-type flow-rate controllers FVi
30 and FV2,
wherein with regard to a plurality of combinations of said shower plates 3 and 4,
when the gas G totalling Q = Q1 + Q2 flows through the shower plates 3 and 4 respectively

at the flow rate ratio Qi/Qz2 the pressures P3’ and P3” of gas flowing downstream of the
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flow-rate controllers FVi and FV2 (STEP 16),
thereby making it possible to effect divided supply of said gas G under said flow
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< 2 %:H A methgc?of supplying d!vid_ed gas to a chamber from a gas supply apparatus

equipped with a flow-rate control system as claimed in claim 2, wherein if the deviation
between the input and output stays continuously nil for more than a given period of time,
then the flow rate setting signals at that moment are fixed and maintained as the flow rate
15 signals for the flow-rate controllers FV1 and FVa.
6 A method of supplying divided gas to a chamber from a gas supply apparatus
equipped with a flow-rate control system as claimed in claim 1 or claim 2, wherein the
internal pressure of the chamber C is maintained at 5 ~ 30Torr, the gas pressures on the
downstream side of the split pressure-type flow-rate controllers FVi and FV2 are kept at or
20 below 100Torr, the total flow rate Q is set at 100 sccm ~ 1600 scem, and the divided flow
rate ratio Q1/Q2 is 1/4, 1/2, 1/1, 2/1, 3/1, or 4/1.
7 A method of supplying divided gas to a chamber from a gas supply apparatus
equipped with a flow-rate control system as claimed in claim 1 or Claim 2, wherein the
initial flow rate setting signal for the one of the split pressure-type flow-rate controllers
25 FV1 or FV2 having the greater divided flow rate Qi or Q2 is a voltage input for full opening
of the control valve CV, the control voltage input for full opening of the control valve CV
having the greater divided flow rate being Ov, and the range of the control voltage being 0
~5V.
8 A method of supplying divided gas to a chamber from a gas supply apparatus
30 equipped with a flow-rate control system as claimed in claim 2, wherein the input and
output signals to the terminals of the divided flow-rate control board FRC are serial

communication input and output signals.



