;e3er dh6é Tr f Method of supplying divided gas to a chanber from a gas

supply apparatus equi pped with a flowrate control systemf
invention 5 The present invention relates to an inproved «gﬂ"ﬂ”@wﬁﬂmlg@g
supply for supplying automatically divi dgd gas to a chanbe

supply apparatus equi pped with a pressure-type flowrate contfo1'*8ystem for
use in sem conductor manufacturing at sem conductor manufacturing
facilitiesMaettiod eEsupplying ivided gay toumehambertfsomm gassupplymrpaspiug gapipped
"pressure-type” ofl owrat ni,rol system has been w dely enpl oyed for the
pur pose of "%!‘@hﬂ‘BWr’iaﬁeg@‘{'ﬁé"c‘%V%‘&R‘r ate of gas to be supplied to sem conduct or
manufacturing facilities. Figure 7 illustrates an exanple of a situation
where a treatnment gas G,is supplied to a 15 chanber C for formng silicone
di oxi de fi [Fieldgf thedpveRtiHYy a pressure-type flowrate control system FCS.
The tregeat ment ' j RYG 6BER sGholl TorSsuBHv vi a

t he prsgssur e- 3%%?‘%‘%%@?8“2%%‘% g{ﬁgﬁ{sp"tr&e)ﬁaléﬁést %tgét héqo%zanberpp_lg:r%?
reduced pr es®matically digidad gacienshomber frpm 2eeng speplylappajeipeeqwpred Wi fate Q

t hrough a gas di sch er D f . i device 1.
20 on'the Gretre g oL GRS TG RAARELH ARG URPRII BT
oper at es OReltendhasorsmafufidoaridgfacilivied fat thedike P1 > approxi nately 2xPa, a
critical expansion pressure = condition, is maintained, the flowrate Q of
gas passing through an orifice L is determned V only by the gas pressure
=Pl on e u i rifice, and the relation is expressed by the
equat %d(;n: %kg@}?n?mﬁglrlgin&?gog constant determ ned by the _calibre of the
orifice L 25 abkk tohenllgdSpresswpetypel fley-ramscontrpbsystem hasiheen wirdgly emplogedfort he

9 e s scoatipbs ! bfert h
) ust | ng <t BpreetgPuBig R G ol et B DG dsdifbiRaT o, LT 5

Po i ndi cat ggaduRRts dilinegessure of the treatnment gas G PMa pressure
meter, Fa filter, CPU a central processing unit, s an input signal for
setting the 30Fighmy Hlusteatesaniexampimoisiipation wherg|a tregtmem @as Giis syipliel &e

rate. ,Jhe p retype. £l r.at e ] j ) 1~

Toku- Kai - Fbﬁﬁ‘gél-g%ﬁgéfgg §1r11l g%?fcg%gxgﬁ%%\g‘lé@%g?%g[pw n?zag{[egl rggﬁgxﬂpﬁ% aﬁaz;?i on is
om tted herentr¥ydybteneB@$ . drHeareaaneht pre&s whizhthppe pidsonbadafiev-canQ, of suppbedem
FCS, it is a prerequisite, as 2 stated gboyv t hat the S pressure Pi
on the upst'f@HHEFEWIIPY ﬂ%‘_’"ﬂf‘ﬁefoioeté‘,’l Sﬁﬂamtliresoﬂggthﬁrcg‘_@@h?rec ggr_egﬁcet%r%essure
downst ream,gy G‘qu&#ﬂ? Ry ‘if%%d%éaélﬁvfeyedta?ﬂﬂoam_fmﬂbu £ gascdibchfet D onto
expansi on pressure co (‘ill ioh. Hence, it is a disadvantage of the

pr essur e- t ypwafet Bpla@t enacuppatingdpdacatl.us FCS t hat when the gas pressure Pz

corparBd w th DREhgABEL g i eput ok ot Ehecl pilim FOSRESARdnIBE £1.2
critical expaRrome tﬂé&?ﬁhﬁt%}ﬁﬁwbtab%xhﬁatél@ IxPRgedritRal dxphasish preguiag it

i npossi ble to control e flow rate. . _ ) _
condition, is maintained, the flow rate Q of gas passing through an orifice L is determined

=~

only by the gas pressure Pion the upstream side of the orifice, and the relation is expressed
by the equation: Q = CP1 (where C is a constant determined by the calibre of the orifice L
25 and the gas temperature). As a result, the flow rate Q on the downstream side of the orifice
can be maintained at a desired set value by adjusting said pressure P1with a control valve
CV.
Referring to Figure 7, Poindicates the supply pressure of the treatment gas G, Pua
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

R
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Furthernore, when the pressure Pz on the downstream side of the orifice
rises, and P~/ Pz approaches the limt value of the above-nentioned critical
expansi on pressure " 10 condition, the accuracy of flow rate control
actual ly decreases. As a result, there :M% a problemin that the practical
range for flowrate control is limted en the pressure Pz on the
downstream side of the orifice increases. As described above, it is noted

t hat numer statedmboid, el tlar gas @réssure Pnoe dhd upstream lsidg o8 thie arificeasnd theges ol usi ng

a pressure-t Iowraec nt rol tem A 5 the
downst r eamps‘%/g’g %f op the 4 YSaé“ pide r?%ﬁ‘eeaqsneﬂs(\:@%%wstf}( ﬁne af?‘%ﬁ“%ﬁ%né cggig%ior ding to
the pressuleRpdnyid préseirelcdhdition rHémb 18 st cbmdvhﬂitegemi%the f)reaswe-qqmd}cev-tqt@e
flowrate control system FCS rrake 0SSi bl% 8 aont r ol ur 41 ﬁfvvl th
ease the g&8nirolenparaius FGS tf’ﬁé"’]&éé IESSpES K2R 1af, ﬂ’t‘f@?“eaﬁnns“g"d?ﬁ 1§t s
UNNecessar yist Ok Aif} ld d@;ﬂoﬁ&ﬁbﬁdta %mBhIQH VATERE EAOPreRURSBILSEhS dpstedalfE Nt

devi c€ at the %)as su source, thereby permttr ng a great reduction in

t he cost zeld@fofttlhaeor m, énppnyaleéml@@n pRpssete cogdisian asceelongertsapistied; making it
advant age. t s to be noted that recently there has
been a trer‘rla‘p?%?ﬁ?ﬁ &%&rgﬂ@@?o&dﬁ%éﬂ of a silicone wafer for use in

manuf act url ng mrﬁemlmn%atme pressire Po wa theadayenstraard slderod e orficewesgs, cahd
exanpl e, he out met er, of .the, wa

necessary fd 2@RRIOg ﬂ@g“ﬁ‘lt velpg of P@&Pmé%F‘ea‘é%“eérfﬁ'g*?‘eea‘l’?‘bgi%%fe%%m re part
of t hegy Waf @6n&ifidn, 4Re bR 0 POG Ble Ratrbl dctlallgdeereptt As ffeshibahvreiies to be
indi vidual I'y adjusted. To meet this requirement, if the treat ment gas
supply to geolblemémthaetheaqracticakrangesfor flowtraterrontakis Simiter yhes t%%PfGS%EEfr Pipter al

‘part are er lLines GLi and G.z as shown in Figure 8,
then the trg%r%i 'i‘??e P aoﬁltﬁ%orgﬁ%pﬁfrgﬁswthout difficulty at the prescribed
flow rates Q Rﬂdes@ibéd sHove hie isoage St ol reblemb yiritdim @asecsiopwith gasnes
GLi 30 and GLz, both of which are provided with a pressure type flowrate

cont rol sydlawraroesntiabyeiog PrqsﬁurFéynﬁoQOW‘é%téﬁﬁ%tFRié&St?‘HéN egdle H&S%‘ &d to
single c [ | h fpAgpendent
pr essggr e- tggggﬁ’“%?&e?g‘ﬁg& cc%ﬁtﬁ? glllm%y%%rlec'rrrés}g%c S thégﬁeﬁk%dsg%r)gg%%ct ively,
because th@réﬁmec@pdﬂotvaatemmblasysuem tig usq of p peassure-dypeHfow-rat8 cogral egstero be
enl arged, the facility st increases, and ma enan e becones | abori ous.
wifito b Fig

To over con@@%@@léesrﬁ Bt ‘ioptrP]sacFB‘@fﬁlly wih&ahe gay, %Wtr?rﬁf’ &2 SPPYA
supply |ingge G l?e?qngdalt éﬂqwsqmlﬂ 38 to Inkt@Naf a88iBiBhA LSS hYdiSure
flowrate control system FCS, as s own in Figure 9, so that the flow rates
Q and z ofdjusheergeleaicanethgass siypppi gputqenﬁ’sre@|peam@tltrg_azgrcatrremtl©ommth@ldoetd by

adjustrngflo rate congr ol | ves d. Va d in the gas supply
|i nes2@Li Y‘V@‘? SruBEJﬁé%Y’iCS’e‘V ch tﬁ'fmt%e E%B?a"h%ﬁi&g ;}nﬁg ®pressure-type
flowrate Cont 0l ths Yk ERANECS iS0TEHaked (HEEcdndlslaberé Ris [BRA astepp ifor thelvierent
has flow rate control characteristics which can be used optimally when the
pressure Pidigmetes of siliceste wafer for usq @énar@qu’}lft%ea fesrgrndyctor fooecaie larger. 10
Therefore, wth th afor nt| n t fl QW r ontr ol

FCS, when tzmg]lbjiggrs rv&a &ﬁggﬁ?‘% te¥8€|he vt i s OCOIHIIH(IP they ﬁ

ARCST DT ce X ceeds approxi mate
1,00 Torr, thgel r fe Jo'lr.ﬂﬁ\ésrcﬁ'ttﬁ'e ?9&?&1@&' gak §ulﬂﬂ1‘%§% theldefird Bt ¥F the watsRaa! tO
t he precrsron o] ow rate contr For "exanple, referring to Figure 9,
assumast hatthbrpenpheewltmm(orq@pm) of thapyalférdol beindividuadly adjustedof Q = 300 SCCM

so that the ga uppl.i ed to. = 130
SaoM and Gn & Tocnestisky BRVBTEs L KR GrHRG B Sbly o £ EPeRand e o
Where the ggsatmepiday s@spl BRIt péripheail F&m greldffetted P Isepstata sppts ﬁuésaGLyaﬁl
flowrate control system FCS, the foll ow ng nmethod can be enp

i s, both ofGLnas shewinria Figuz Sethen/thepratngent aa%cqn hes&upelr%‘éﬁhoqﬁésfﬁmelweat tﬂe

treat ment gas flo r at I
300 scoM  t REre rbﬁé”ﬂeernf?re%r@ 2 ?de 2 S W s 5 ‘?%ur 'Igglé’? & %as sfipgif tin @ t he
20 fl Qo rat s GL2, d0th &PBvisioh ategpradiedsvith atp@es‘sdne-tylﬁ flovadrare sonmoleyeeindzIS.y, or

by checki ng with a flowrate neter (,not il]ustr d). .Howeve ere the
gas supply equr}B?r‘éerYPr érrf)P%S@C%imﬁF'&—,‘?s’lﬂ”é&a? %S‘mpgﬁf F‘za‘f %‘n%ISﬁ%‘i“BPer YRS PRCS

as a flowr irst
to set the ?’Fpg)vf rate da?}g%%ﬁrﬂég%g% H?’éﬂ%ﬂ%&éFg%glﬂrgé}g%ey%%w#ftggﬁétgl gwé%%l% r ol
syst em FCS RB6nakbFO respkctivély beomtse tdie senlicomdudtor mavi\factaring egrpihentds then
closed, and then to adjust swiftly the flowrates QG (130 SCCM and Qa (170
SCCM of the respective split supply lines G~ and G.z with great precision
by adjusting the control valves Vi and Vz. The reason is as follows: If the
control valves Vi and Va are only open to a snall extent, then the pressure
Pa on the upstream side of the control valves Vi and Vz rises, with 30 the
result t hat the vaI ue of Pr/ Pa devi at es fromthe Irmt vaI ue of sard
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but also the flowrates Q and @, if the control nethod adopted is one in
which flow rate control valves Vi and Va installed in the split supply
lines GLi and GLa are first closed conpletely (or alnost closed) and then
opened gradual ly; and 20 the precision of the flowrate control is |ow
and/or it takes too nmuch time to control 3the flow rate, even if the flow 15
rates Q and 2 are sonehow adjusted. It is, therefore, another object of

t he pr esenforcetterie entargesl, thededi c@smmws,oﬁndgwmewm bgeomerdab YRSt o0 a
chanber from a.gas_su [ rate
control system3N® |ngeﬁhég/sae??§@cl§g’g§ls éirp@ng%edgg% é‘?\}hrggft?%%% B %l}éltlﬂlféﬁl y
di vi ded and}lﬁlaaﬁ)l(}lﬁdhaildaedﬂwﬂcﬁd arsmglecpr@su@tymﬂhwguamonpnbmsmﬁ Seasen i f
the gas is divided an | i.ed, from rat us equi~pped

W th s pr oSt BEer: SAPAIE s oo R PR s STl Set HEP

i nventd on Toq @ hic&yGe E&ﬁrdﬂ@@\é? a8fuiRONGPirf6 tonttd Salvey W bad V2 dfstdlled ipthesent

i nvention have rejected the conventlonal nmet hod used in divided gas supply
control foigas fipply qss (@ agdﬁlzaemstp‘re}y apparatus in which respective
flowrate contref, yal, Yq% r}d a{éq)réésg} r}gé@h{)@qa{e%oﬁﬂbf sﬂems e6mmPhRANRY | Y

opened from bei ng conple l"ose nost conpl étely cl osed), "and have
i nst ead adepdaydongasaupply reqmbmém lnRS\ﬂwcmet tretrol cheracseristicowhichicayhe vesd Vi and

Vi, | d f b tial f ul.l |1
open) - S0 CRamal, S e B Araue g Soxmiiregst o the o iR ok fothe B-TB ol 1Y
*Gla cap be magidtsleedith %e%fé‘&ﬁiehﬁ&wﬁ'pi’é!sﬁn%tt?p@ﬂowahﬂecbo@rél s@ete Ui €% | whearthe wi t h

precision, while the overall flowrate Is controJled with precisjon by
means of ttme$mre§s@pwnstwm of thvorifieeexceersrappraxjmpiely IPEJorHis AR have
‘conduct ed erl | basis of the
abovenent i J'ﬁ c?oﬂ é? g%ﬁ%ﬁg@t@d%&fﬁgﬁgd%égé Flﬁ@gﬁglﬂgﬁ%ﬁfﬁcc@g@n devi sed on
the basis of the?oafemmpiemermegitofﬁrlgahemgassanﬂ thdtslee tneatmbm gaeéhllstssppifedtahe

t t he dividi Th I
ol ai m 11 eifieste of @ TRUHDe0Hf sEampihgisasCi SRR G50 cREPAL B JRBEF O hat
gas GUIth & 5850 §l;gzw; bl @2 Q1176 STMhidfle ﬁeleasuﬁﬁl?m‘aeg GE: 84d GLPFABRLHOR
flowrater 5 a gas supply

apparatus 1 equi pped w
flowrate sWhaieyhesgstsapply hqmtpgien’alspllotmm uhayelmﬂom pressuhirg ﬂOMh@ée @Lﬂtrohnd

G d sh h
pr 25 23 r est S%gtgm% l‘tg‘? &’"{?Wﬂ& ’BF"I e ; SeItBPl %?/ZT lﬁaﬁgte%ﬁb 8 gyﬁencogtzlgldvaisv

supply l'ineg &y ar@m%t Hefed; %@ﬁth@tre&fnehh@aswmyoﬂhe fawcratadontrof écplvpmatte
controllers FVi and FVz iS initiated by means of an injtial flowrate

setting consselat § gaed SCLHntherdihe icartepl valygs Vared Vo aransdiystad soghstdotirghe
i th t f.. t | i - f .
contr 891 or Y Frter @ LT e e gisrh B fes BURET AR SRy SrBY kg with

desired splfigwihte\weiat(ast itistans)z are supplied through orifices 3a and 4a
installed in said shower plates 3 and 4 by adj ﬁtl ng the resilures P3', Ps"

on the downstreaﬂ?‘é’P‘CR&sW’éﬁTe!h?egaééﬁ*ﬂﬂleq‘*}ﬁ‘W@se Y MIIERYPE 0% @€ and
bei ng expre o%?rgl @éte‘ﬁpﬁcg(&%mﬂo@ﬁraﬁg cont’t §§t&§'95 §own ikdiguré oheidifrufdfirang Cz
are constan erm ne y the section areas of the orifice holes 3a and
4a and the gashetflowpeataQuBeo Sﬁwm)mfuh&pnewm-mpdélom-ratm@owm systass FCStwhene by

SuB0l 4,00 Pl ATEEL O S i B 0BT PR
claimed in ghir %&chwmmah& (VISCCA) @tHeab 6o spiit spPRY lindsREL.ii S

equi pped W t and i's provided with a start and stop signal input
t erm nal Tzanda@L: withigedat pteoqudxy@dnlastmg theegontrabvadvegndl andrfput  termi nal T3, a

shower plate co nation in at fil ow
rate signal out gElé‘e teavqn i af olﬁa &ﬁel'&y%f%yﬁpgstevsp Wp%Jre eo-sll;fsk’urr;e%eﬂ';i b %121
flowrate conbitOlhes itfe fradsumime dﬁ\fne upsidainside dfahé patitrohbaloesTal mcwahsasnwuh
output termnals T9i and Tsz for transmtting, signals on the basis ﬁf t he

devi at30on bétewemlt thatehe value pER 14 Ppdeiaies A the it valuprofisaidpresspisd YRS RO Vo

flow rate o I Vi
and Ve, - w ISl SARST ECS; b dResR i AR FRELORhbifhl b AR HBE RO
the pr essur EmeE’@ntr;ol E&'isterﬁFOSaﬁfféﬁsfgk@vwrfgmdﬂmetﬁl@amate(QFm)OoiﬁfﬂM)l val ves CV
of the split pressure-type flow controllers FVi and FVz when the gas G
totalling Q=Q + Q Gflows through the shower plates 3 and 4
respectively at the flowrate ratio Q/Q are calculated 30 fromthe
aforenentioned Q= G Ps' and Q= CzPs", with the flowrate ratioQ/Q being
a paraneter for a plurality of total flowrates Q and the initial
flowrate setting signal to the split pressure-type flowrate controller

FVi having the greater flowrate is an input signal voltage Vo for full
opem ng of the control vaI ve, whlle the initial flowrate setting signal to

- . o N . .



the said flowrate setting signals. The invention of claim3 according to
the invention as claimed in claim2 is carried out such that the stepw se
change of the flowrate setting signals increases both the flowate setting
signals at the sanme stepwise rate, fromthe initial flow rate setting val ue
(100% 30 by 50% 30% 20% 10% and t heft 5% every 0.5 seconds. The

i nvention of claim4 according to the invention as clained in claim2 is
carri ed ouDbjextiof tieinvendieh r anp- change i ncreases both of said flowrate
setting signals.at the sa rate of 10% ev . : s ion
of claims accoftdf ﬁ‘@;O@SCttcﬁgh? W\?%W?lmc‘)’ Qtégsn tgﬁ%%‘wg?jéﬁ?\e c ra}lqr %ugplyisﬁg?é??%g “out
such that vwhgbhdnier v apassappetappaatusequippalivvith ngresstnpdype Bomirats control

continuously nil for nore than a certajn ri of time, then the fl rate
setting si §heem whigh sofesh -°H€'|“PFQ‘“8?§ ?‘T’E@H‘Sgﬁﬁ aﬁ%?”f‘ff"é’i’tﬁrgg SnAReS cdfd
flowrate $iQadlody fl Qt @u&ém fhepessBley sy fl6w Fatk Vontasldyfidia FCR) és dimidedt i on
of claim6~ according to the invention as clainmed in clalmé_ is carried out

such that fite splitsuppledings 681 end Ghe withsetflow:aates Quand 2 arrordipgite
pressure-type f|. I rallers. .k i 4Q0
Torr. the £O0% “h%\%v@&‘g‘%‘g‘g‘%’?@l“g&ggtsﬁpdgﬁgggy 3@@8‘5’%@}3?‘%{“3&3@%@3 b e
flowrate mpadshire@peBow-satd/céntrdl/s¥sterh/FCS @/ alchadibis Conanddly:. Drthe flomratetQon of

claim7 according to the invention as clained in_clai ma@or cl aim_- 1?1 2 1is
carried outcoswelleditythe pressurertypeflovi-rasgepnital sysem F§ maydeyiate greatly from the
presspyle-ty i Vi f r i MR \GnRGhe ABwIaRADET

di vi dgd(':l fl S%-Et}(g% }édt%%(t)lrth%}gs?lgh%t @8%1%,%%21{ e?}i]%lﬁé uflth) afE J?Jélétl ope_lr})iqng of ta he
control valbuealgthetfloaw cavest @ indv@Qd, ifthe compmlmetid Fdopted pnormisywineh flow ratent r ol

control volebaya whienggnd Soynsslosiin e HEH Furdfy Bt s B E FETRGS, e

i nvention ] | | &l i | it

out put o1 g FT iAot o FardanGTbieqEE afidlalRy 8id 19 B Bra bl Y et e

are serial dhfaRihtraing 16w bidiér it Bike€foodsdhrtingé iosonardl the élodr ratd, egm iR thefigyur e 1

is a conplete diagranmatic view illustrating a nmethod of sgg}pl yi ng di vi ded

]gias td)S? crratetbQﬂlaW th@%%pnlﬁﬂlo&’ adinstedu s, heipiors ApQtsereifchp eﬁﬁsﬁ -
owrate control syste r i - [ is a

const ruct i A% nt‘&f‘é%ﬁaor‘ﬁc{sph%ﬁm&ﬁﬁggpglﬁﬁ) B’tlﬁ%@ggﬁggigﬁoy%g% TJt(()e\}/\ltﬁﬂreglnt eé%légg%lg rol | er

FVi. 25 Fi gipparausiequipped'aitbaipeedsaieHopelowaatetvonirolgystem inevtach gasshap bet ween
a flowrate setting signal, and a roYv rate . control. Elrae
P

| . ssure.and
flowrate orregaiermineghtlow rate Q ¢n@ beuickiydivided and sypplie B@\ﬁ?s‘é{?@ r%l?n(ﬁ’r/gizl er
FVi. Figure 4 i L: ahmgﬁ-' ' - | ditMs ded
fl ow suppl nglg élé—':‘lagﬁ‘gg&%hs ow’tl{;\tgle %hiwrd(e‘?gﬁ%ﬁ;g H?%ﬁégjei;{%gﬁg t hlgﬁpf* g‘% rate
contrab pr eamipped wiftsd prassirdPypy flowrragicantrel system FoPessure-type flowrate
controllers, the total flowrate Q and the divided flowratio Q/Q where
t he conbi nati on of shower plates 3 and 4 is as per PATTERN 1. Figure 5is a
di agr ammat i §is¥iesive(dt theldfeh@ibgd val ue) show ng the sane rel ationship as

Figure 4, where the conbination of shower plates 3 and 4 is as ,ge{l PATTERN
2. To achieve the above stated object, the inventors of the present invention have

rejected the conventional method used in divided gas supply control for this type of gas

25 supply apparatus in which respective flow-rate control valves V1 and V2 installed in split
lines are gradually opened from being completely closed (or almost completely closed),
and have instead adopted a novel method in which the flow-rate control valves V1 and V2
are closed stepwise from being initially fully open (or almost fully open), so that the flow
rates Q1 and Q2 of the split supply lines GL1 and GLz can be adjusted to a desired flow rate

30 ratio Q1/ Q2 quickly and with precision, while the overall flow rate Q is controlled with
precision by means of the pressure-type flow-rate control system FCS. The inventors have
conducted many experiments on the supply of divided gas on the basis of the above-

mentioned novel method.



8 Figure 6 is a flow chart of divided gas flow control using a
pressure-type flowrate control systemto illustrate a nethod of supplying
divided gas to a chanber. Figure 7 is an illustration showi ng a nethod of
supplying a treatnment gas to a chanber C_using a conventional pressure-type
flowrate control systemFCS. 5 Figure 85 s an illustration show ng the
division and supply of a treatnent gas froma single gas supply source Sto
a chanmber usi ngThe ptasentlinteptioh hpy s eeised pethelbasis phthe afommentionsy dinding,

Figure 9 is il stratlo shovmn t he t
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control sys It pressur | ow-rate confroller (split flowrate
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the gas temperature on the upstream side of the orifices), thereby supplying the total
amount Q = Q1 + Q2 into the chamber C.
The invention of claim 2 relates to a method of 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 T72 for the split pressure-type
flow-rate controllers FV1 and FV2, and input/output abnormality alarm output terminals
To1 and T2 for transmitting signals on the basis of the deviation between the flow-rate

25 setting 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/Qz are calculated

30 from the aforementioned Q1= Ci1P3’ and Q2= C2P3”, with the flow rate ratioQ1/Q2 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



STEP for the start of stepw se change of flow rate setting signal STEP for
the eval uati on of deviation between input and output signals STEP for
stepwi se decrease in flow rate setting signals STEP for switching the flow
rate setting signal back to previous stage STEP for evaluation of the

devi ati on between i nput and output signal's STEP for the start of the
ranp-change to the flowrate setting signals STEP for the r A h,angle of
the flow r sheothensplinpressugmtyps figwempts eantroHer BYais the ?fBFFnW“PPFZ{%)’e&3 ati

between in : [ I r 6&?:1 ' f etting
signal s STE%S%%ﬁg%%ﬁ#?gﬁozégﬁglc%{gﬁgg%y li]it?éhe Iuguv%/ﬁ?gf Eﬁg gtl%gﬁfistigsg?lal S
Mode of camnyingd thetratid®3 VB datween thehieitfabflbwviatesetsimg silinglsfor s#id sié pr esent

invention is described with refer e to-the attached ' der.
30 Fi qur e BresSTE T e APHEEr R | SO Lo BNl 1R i b AP 36 Sy
suppl y§ NG gnilit YdrAfthl Tasnd theaniGhifidyerate ratd sttiyassignabpipyt @ppanbTy shefiow pped
with a flowrate control systemaccordipng to the present, i.nvention. .
Referring treteR ofigas G suppligd Fom13p B9S PP ARPRLIUS E‘éﬁ?}rqtgé@mfeﬁttg)rw EAte with
supply sour f ’ - eBhftoNéh ¥&1 ¥Rd F¥Beid
pressur e_t;%egccmt%\az?\é%&ecggﬁ;@%ﬁﬂ@%ﬁ%ﬁnﬁg éﬁzﬁg}%i ded flowrate cont r%l
system 2 cduiby bpans Then, @n aaivasios (S TARP) sigeal isinpyites to]said start €gead tpudl | ers FVi

and Fva, and a di.vi f.l owsr at e .contr.ol [ : . S

St err: g demRndn(STER & iR SRR Rk B | X JRALLRE LR e), e
cent r gy par tex@ipsncd bs fbiRexiStence T said sheger plateicogibinativs dticagarsignal andsabkent r e
part split _s‘u_pgl y |ine, _G_Z_an_eqa?e part split s piLy line,. Pthe total gas
flow rate, igtiabfewapteratio settinggignaf IssRnfismes(STEY Dndhéyh dasipptial fawrtate

"downst r eam Sj f ifd.6 3 r

system FCS,S%{?"‘S%tg Sagr%fsgg” %ﬁ(emp&ég%ﬂ&%?pg{n&?ﬁsgf%%?g% vi%agéééci)n?tb? ﬁ%%laﬁg
pressure 1FVygigaifiddfiomanie fiontate rdtersettifygisignablare paggréssivelyeinpreased stapwiisesi de

the chanber C, 3 a shower plate _of the centre rt gas disch er Dc,.3a an
orifice foratee @merae (ShERSand STEL 103%5169%%?'?6?"3’?8“@? cPﬁ@“@L‘%@%‘éP‘#“@%s

di schagger . 2 il 118 cAQRLE(SPERDE If & 1 RUAA tHafN,
refercrillg ng tl(F)Pﬁf—ti E%ﬁgﬁ%ﬁ%ﬁﬁt%éﬁ%@%«é{g 5%%% gicgnal ((:onnect?i pln | i nes f5
connect i ng thiepdi sndiadpdt| deviation & widhin ackt taoge, thenrls flowtthte sepingtsignals to the

- | | FVi_ and FV2.. Ti -
Perar e VBT NePaal oG GRA FShafd Fbie PG e Hre o ol PR
ratio settigQging Gtals drdRidp YeBdrditiihputTeutiut deviafibe fellphiaiiie txoseprangt (STEP

indicator signal input termnal, Ts an automatic zero poi nt adjustnpent

si gnal out pug.ﬁherﬂwm sefting signalstiodhesnlis favrwteemtrofens &tV 1 ad FiVagrethen,

si gnal,  out termnals.  1Im 20 i~ f t ' ;
Cerm A1 s, (Boispte o aredesbies BETaREinE IERL) ShRATER () e SRt

r gt e se][ ti n&tﬁbmb inpp bid b&xpul ﬁ?ia&, isS a]_i%bké'&bontfﬁﬁmlxélyl (STERhS). Wltleplit is found
abnormal ity al arm output terninals. [ as s y, apparat us onprises
inter ali ayﬁlat the é@ﬂw_@tmgn briween g ngpus 6{‘; e‘épl% %@@@5%9%%@5% thetime Gkﬁ‘ﬁcw‘,g‘a?'
rore), and éé‘{saollimi}f a%&ﬁ?ﬁ%ﬁ?ﬁ ﬁb’v@-\‘ﬁ? s%tt]igg"%igiﬂ%@ré‘gﬁgéré@ bt Bat 91 hiRMBkelfCS

(Figure 7). pressure eam o I c€E is adjusted using the
control val ael B¥ntinddrus whd flovg-rate setting sigoald fé1 thevsplitflovemtie comrodlerydai and t o

t'he central _progcessing  unit . of the pregssuyre:t. flowrate control
syst e?FC SF 8&&%@3’: : Eh‘?éebb’lréﬁ%ﬁ%‘f Qoﬁ%ﬁiﬁf’bg‘ﬁ\%&f‘é@ﬁ%’%& cffli’tﬁ%g?ss@ %ﬁkﬂst ed
aut omati cal Ju sﬁigﬁd%@-ra‘i@&etﬁﬁ%)é’i/gﬁﬁé.e Qs. Further, a control flow rate output
signal Qe corresponding to the adjusted flowrate 30 is outputted.fromthe

central processi fhe inventignGriglaim| ¥ acchediniptei the inyantinn ascdaime dn elan2 iggasried
setting input sigpa and said c f . I ceeds
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devi ation apnesdihgd &iynald grthd sdnse 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.



di spatched fromthe CPU (not shown in FIG 7) as descri bed bel ow. 11 Said
divided flowrate control system 2 conprises inte~ alia a plurality of
split pressure-type flowrate controllers FVi and FVa, a divided flowrate
control board FRC which controls the contyollers FVi and FVZ, and orifice
pl ates 3 and 4 connected to respective split pressure-type flowrate
controllers FVi _and FV2. Wth regard_to the. enbadi nent. shawn in Fiqure.l,
two split pressdhginygpeon PRI, gc"(%ﬁiff‘gfﬂ? rveghian agfpmegdn c%@\f&?*}mﬁgr e
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control valthe c@rol whlse bading shegreasersdivided deowenate hein OV eed thgrpngepyf thgeontrol
Cross-secti orllal Er.ea of . the orifice 3a, its shape, and 25 the gas
t enper at ur ¢/°1R8% B¥PE A5 % Figure 2, said divided flowrate control board

FRC i g5provi ded Ty igVertioh@f blal 8%REEHd WS thesiuémidnias plaimédinndlaial 2 i carridde
input termnal Tzfor the start stop signal [which_opens Onﬁ of the control
val ves CV ofutEneh thatdheirput and qutpyt signals 4o thesermingls of therfiyidegh flpw-ratsantig!  he

ot her one to a id.initial flowrate ratio setting 30 signal
i nput ter mt?%?fd ﬁg& a?%%e?gﬁmﬁ%cgft%&bonbi nation indicator signal input

termnal Ta which is explained below, said autonatic zero point adjustnent
signal input termnal Ts, said automatic zero point adjustnent error signal
out put t er nBrigf desyxiptian @f thedrawings control flow rate signal out put
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controllers FV~ and FVz t rogqgtf1 sai d Si\?enﬁl connection lines ELi, ELz.
Thus, when GANEOLEYSIRM AFFOLIINK I the DTSSR URY2HO% 0 said input terminal Tz, the

respective Figure 2 is a constructional diagram showing a split pressure-type flow-rate
controller FV1.

25 Figure 3 is a characteristic curve showing the relationship between a flow-rate
setting signal, and a flow rate contro! pressure and a flow-rate output signal for the split
pressure-type flow-rate controller FV1.

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 (Ps’ and P3”) for

30 the split pressure-type flow-rate controllers, the total flow-rate Q, and the divided flow
ratio Q1/Qz 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.



split pressure-type flowrate controllers FVi and FVz start operating at a
predetermned initial set flowrate ratio. (In particular, as described

bel ow, the control valve CV of the split flowrate controller for the
greater flowrate of the two flowrates @ and Qz is opened to its full
extent, whilst the degree to which the control valve CV of the other
flowrate controller is gpened is adj ste% to a val ue obtai ned from ";the
full opening de&ise g ise flowchast of divided gas flow contral usinen BgssuFe-tis £nea™te \when
a stop sig 1S ; t j ] e as foecHagibefs ol val ves CV
of both thgaétf) II%IY étg@géqslﬁgg%?fp@&P ?%\I?f%ug Ié’hf:goﬂ? rdg%[?er,s FV~ and FVz are shut
ful ly. Further mbigure 7 ivan dlugtodtion shayingtamethod pfsupplying sesment8asipat ted to

the automatic zer oi nt _adj t oS | ' for automatic
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cal cul ated on the basis of the supply flow 20 rate ratio ?/asz bet ween t he

flow rates Q arfigude Sfinan illwstrasisn showingthe divisiensand supalypi@ treataf @as 1A% v,
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the enbodi neig cftrbhalysesent invention, said flowrate ratio Q/Q can be
set to one of 1/1, 1/2, 1/3, 1/4, 2/1, 3/1, and 4/1. The initial flowrate
ratio setting signal 25 cal cul ated based on this set flowrate ratio is
'nputted tq; j t 1 Lt he formof a 4-bit digital signal.
The fl ow rgi'lgh@aﬂtefbgyl%e/lgztwg@htnﬁén?ﬁgilsti al flowrate setting ratio signal
are of course not of Gissupplyeppahiyes. Further, each numerical val ue |isted
in Table 1, as pl aifle% bel ow, designates the ratio Ps"/Ps' between the
control pressurey P3' TEHEPRESTBRRY &3 Bf the orifices 3a and 4a, 30 where
the cegtrol presgyresGiR3maiakdlve3” upstream of the orifices 3a, 4a required
to discharge said gas G at said prescribed flowrates Q and z are

cal cul ated on tFEC%aSFrSSSQfG-Whéﬂ@‘é[rﬁatﬂ%@tfahﬁ’smhbers of the orifices 3a and
4a in the shower,pl at 4 connected to the ends of the split gas supply
| i nes. 13 A si%nal f%atl%r?af a;ste t he conbi nation of the shower plates
(orifice plates)23, 4Splt floheragasontioboBtmgers Dc, De is inputted to said
terminal Ta. In particular, in the present refg@ogaiprsﬂt, two kinds of centre
part shower platEVs oSrlitpressyradype foveratg GPuRllsr (iPlthiiawgats qopirellet nea) ang

t he other with oré.fii ol g i r
pl at etzg are proﬁzed,s%ir%g?%aﬁ?g edfTe V}AL %ﬁkggrg}%{ﬁlgggd ggﬁg%gcﬂaﬁgﬁ%?%g?ywm
476 orifices 4a.FR@o Dividedrfov-ratontmtrdboands of said shower plates 3, 4 are
predet erm ned; ngnely, one conbination of the shower plate 3 having 420
orifices 3 a and*the Q pl ate 4 having 360 orifices 4a (hereinafter
cal l ed PATTERN 1p; andad fiscHatdeer comnbination of the shower plate 3 having

480 orifices 3a and the shower plate 4 having 476 orifices 4a 10
(hereinafter calPed PRamERparpgas dischargerdi gi tal signal s indicating said

PATTERN 1 or PATJERN e i 0 said termnal 4. Said control flow
rate ?glt put si gn%l ouéﬁ%ﬁe?éé{r]%‘l%&f;ae gla n and T~z are output

3a Orifice
De  Edge part gas discharger
4 Edge part shower plate
4a Orifice
30 GL: Centre part split supply line
GL2  Edge part split supply line
Q Total gas flow rate
Q: Split flow rate



termnals for indicating the control flow rates (actual flow rates) Q and
Q of the split pressure-type flowrate controllers FVi and FVz in
operation, and the control flow rates 15 (actual flowrates) Qi and Qz are
outputted in the formof a voltage out puty (0O~5V). Said flowrate setting
signal input termnals Tsi Tsz are input” termnals for voltage signals of
0O ~ SV corresponding to the flowrates Q and Qz supplied to the split
supply lines GLiQand Selitflowjratee the total flowrate Qis set by the
upstream si de pRRSSHEL-tYREfal Odedlidh Rikscontrol system FCS, and the
initial flowrate tatio set%lng signal cal cul ated on the basis of the flow
rate ratio Q/Qfii s iPower sadce mpotternmigalniD(alSWys, the | evel of the flowrate

setting signal sggf t di vided f] ow rates a? and z can be automatically

cal cul ated insidé the t’ﬁ’U_.St"@éF%‘é JRpHtgrmIngt i g unnecessary in practice to
Input 41 ow rategettiy aﬁﬂ&o"il%}é rettR)rse&E% sigAlinput fefthigl @ bi@Nebdey 10 said

i nput term nals Tai Sz 1n advance. However, it is desirable that 25 the
flowrates Q arfd Qz Showedplbte ®etbinatide pedicason dignadinpuhtermplal €2 Bitsdssure-t ype
flowrate contrallers, EVi _and FVz. in.order. {. ) situation where
the total flowrate (5"’38?‘?%?26581’9@% a%uﬁtﬁ’%atréé ?aqgrirapél{:}%s”irnglr??by t he upstream
pressure-type flRwTsate conitbMhticysd @oinEs&in®errovusigral binpugasninsglssuppl i ed
directly fromthe treatnment gas_supply, source S tq the split pressure-type
flowrate control-ef’s FVi %{%Oit}ewr%@rslanﬁ pAendlE \woul d be desirabl e
:t hat said in Jermn i S7 o ! : Sai d i nput and out put
apnorggl ity al alrgll’n%E Ol}'[%{i)ut ?ﬁé%@ﬂgﬁgﬁ%ﬁ%ﬁ@él}ﬂgg%ﬂgﬁ%st he flow rate setting
signals for the fg ow,y at eq&@t A Sufut WordembINg atht SRputitbrandiat e signal s
“(actual flowrates Q and z) and sends an abnormality signal if the

devi ati on bet weeh t heActivatiod (SEARBX SRt ti ng signal and the actual control
flowrate signal _is found tq be_.great an a prescribed value even after
the | apse of a ptedet ?’ﬁis‘ﬁga cﬁgﬁ\%ﬁl egﬁlfér];r.'re The present enbodi ment is
arranged such that t@l‘EI“RHtc_oﬁfﬁ%iﬁg'E&%attéhﬂﬂ&ibét_oﬁ&igﬁél%n@ﬁtﬁﬁﬂfﬂd@@fhté SUBAS
are inputted and outputted directly to the termnal's of the divided flow s
rate ¢bntrolighabard FRC. However, input and output signals by serial

comuni cation could o r e used for the i t ignals for
the ternminals. D vi de%Tﬁngﬁﬁ%it%ﬁ“Bgﬁ?%‘Fe a%ﬁnﬁaOEﬁﬁwfﬁ‘Eés@ﬁéﬁ- f}‘;e di vi ded
flowrate controd | er ssT finke EvdRiation 00 askigidthebyechdputaint iongput Kigndls essur e
Pa' and Ps" on the downstream side using the control valves CV as nentioned

above. In the prEsentSERD&istapmise deciepspola floy ptesetlingsigngle flow rate

controllers FVi and F e u i C v | St- in
Figure 3 as bet V\glen tﬁEég(frtSiwrsﬁtgﬁggéneaﬁ%‘b?%gﬁ&% g}lggél%t% %lg{df 0368?%%2%&% and
Qa, the control 1ressSTEP R evdloation ofahel dévistiontigpweensinputaing oifput-sigMgls f or t he
actual flow rate (the contro{1 flow rateé. gi&ge 4 hs a graphi cal
presentation of Kumer$taf frdhegar chhegpipLye tﬂéhe_t Y B &P BE FigRaAS 1 4t o
(G E=Q/ Q) as g par aS“?EFTortﬁ@%?p'i@f&tnFE‘Gfﬁl@?loﬁaﬁﬂa?édeﬁ[h%mighalke_t ween the total
f.lowate Q the control pressure P3' Tor the centre part split )
pressure-type fl| b r aSEER fortthe bvaduatipwiof therd¢viation betvwecn inpyt arvd outputsignalsor

t he edge part split p re-type.flowyate controller FVa, for the

conbi nation of tLée sh%ﬁgﬁl‘ﬁlrﬁ?lég@‘%@\eﬁ{?wﬁ?& %’_ﬂ‘rﬁsé%@isand an insi de

di ameber of 0.2my d~ §PEP EReonffthing rRAftenfiRE ofl iRalbw R sdlingddighalfie shower
pl ate 4 having 3b0 20 orifices and an inside diameter of 0.2mm ~ for the
edge part gas discharger De (PATTERN 1 ). By way of exanple, where Qi/Qa =
1 and Q = 1600 200, . 800 00 and 100 SCCM the nean value of the ratio
Ps"/ P3' bet&g&?#ﬁﬂr@m?‘gtﬁ‘é?'{veggﬂ?roI pressure Ps' and the edge part
control pressureThksfollowith &hBodifent dfahd presdnt fivestidn istlescripedplithaaference to

presentation of nunerical values calculated in the 25 sane manner as those
of Figure 4thedttaghed dsomipenbereyidesf the shower plate 3 having 480 orifices

3a and,an insi degd] ~ ; i i hisfiar ger Dc
and t%’g shower pF%ﬁ"ﬁIsﬁ%ch?gr%Qﬁ??%%T?@Je\ggﬂgugﬁﬁhg%aimerﬁ;io e diugtr)rgt er of

0. 2mm ~ f or divivededg e peliamePASTER sApplByappagtus feqeppedowith ailosr-rmtekongel = 1
and Q = 1600, | 200, 00t tgllnd 100 .SCCM the nean value of the ratio P3"/P3
bet ween t heSYSEHR peFOFHPE ICBRPFSPIIPEREARe P3' and 30 the edge part control
pressure P3" is QR thAMk&el, b adsup) brafu ICeOndirRes Mdrugh S@plynGuidee
relationship betwgen t%e f%O\‘IEV ra?g r(ﬂ)%ap% ~/ Q@ and the ratio P3 P'Igs' (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




15 if, for exanple, PATTERN 1 is enployed for the conbination of the shower
plates 3 and 4 in use and the flowrate ratio Q/Q is set to 1, then the
ratio Pa"/Ps' between the control pressure P3'" for the centre part split
pressure-type flowrate controller FVi aig the control pressure Ps" for the
edge part split pressure-type flowrate ntroller FVz is conputationally
0.961 . Said relationship between Q Q’]/Qa and P3"/P3" is cal cul ated using
the foll omwm%@ﬁaéﬁ,ﬁﬁﬁﬁwp@@a\“@r ‘bGﬁ‘élEé’f%ﬁﬁéttym@‘@'é%teFPWIrS&‘ftémQ in
a pipe is gyessed as Q=Cx(Pi-Pz) ...00 10 whilst C =182 x D4 x (Pi +
Pa)/2 x 1/L .. . 2~, wherein C designates conductance (L/sec), D the

di amet er of t he pdivelefdiow-rate tdrerdl eystgrh 2abmphisespifee alie spjitipréssude-typs flowe

pressure (Tory) at. t ups am end. 0 e pipe, Pa.the ssure (Torr) at
t he dovvnstF%tﬁﬁg’%tﬁ?}leéﬁtlﬁhg“ﬁg%,an‘gﬁgwdﬁet 1Y °P‘&’f@ bf)%irlﬁ.{@ sec). The
presswe (P3' amnﬁ&iﬁoré,ne'fedeng fOEFiRirea, CriekigRatePs thimsber,ID dgaolistiegsDwer
plates 15 is cal cul ated using and 20 above, with the inside diagnmeter of
the orifice 9§8ire pat gendisdnisre Doangdge partsas disehargsigh! &fFentirarag et %}’@P[Vm e
of the shoygg ' e, 01 @hd 8. iy divided the
chanmber as t%’e@%%%g(t?g?edaarrﬁ%ngpg%@gﬁpemég?ﬁgﬁgﬂg ﬁzaﬁ’ %w ratée in each
orifice holflovasteshB: the pressure enche dovistisam sdemif ghe erifice af dhe pregsPERRe fIOATTERN

2lnitial flowr ] R . Dres QP8 ' . ratio
pur/ P 1 at 1SS PR PG PG, HBEEL Y Geiihsnihe bl SR EBle BiFBZMAE- P
i nput 161 gnaypd Bew-IaéRohtrdierSVY 1 add FCHY2 thieopradsdfe id8HO thedBhinber €43 @ shower

a2/ 10. 7360. 707Ful I opening (j.nitial3/10.6010,579setting ipnput
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suppl yi ng ggm : nis
expl ai ned gsggég\% ﬂ%ﬁ?@e‘%‘%ﬁ ?ﬁ@ togg}a%e??s’ %ﬂgﬁ%&f li fe%ﬁgé‘d;%? Lﬂgzéﬁg‘tr\{élgi gnal
is not inpylsted to input termnal Tz of the divided flowrate control board

FRC, then the caqontrol. val yes CV aof both.5 o h ressure-type flowrate
controllers FVi IQ@QS‘F‘VE’ I8 eé“%@r@&“rte&gﬁé?‘?é EL? &esgg&a?rﬁlgnaASX SRR IREs ¢ he
treat gpnt ?@n&ﬁﬂgkh@@lyfdt@ﬁ Mol d@hudPedry FR@%QH‘e DlitPrbsAb dggestbi-patb he

flowrate y neans o e pressure-type flowrate control systemFCS is
suppl i ed t hooatrgherts B& 1 apd FV2f Toapavedrasoaeainpot teemsakb iz asstatt Fytopaignal inpti o
correspondi ng approximately to the ratio between the respective total areas
of the nozzeeninel &satitigl dlosprats ratip seting figpal pppyt deminal ke anporficengate f or

di vi ded supp| \..of.. . | b b I r : Libed
T g
) corr espondglitpg térmihd) 6T« and Tredtomtjsaetepaintofettingersn cigeal qitateganinand74 of

h di : h . | i
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P3”), Ts1 * Ts2 flow rate setting signal input terminals, and To1 + To2 input and output

abnormality alarm output terminals.
Said gas supply apparatus 1 comprises infer alia a treatment gas supply source S
(supply pressure 250KpaG or more), and a plurality of pressure-type flow-rate control
25 systems FCS (Figure 7). The pressure P1 upstream of the orifice L is adjusted using the
control valve CV by inputting a prescribed flow rate setting signal Qs to the central
processing unit (CPU) of the pressure-type flow-rate control system FCS, and thus the
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 from the CPU (not shown in FIG 7) as described below.



15 termnal T4, and then an initial flowrate ratio setting signal is
obtained fromthe desired flowrate ratio Q/Q on the basis of Table |,
and the obtained signal is inputted to input termnal Ts. In particular,
where the conbination pattern of the shower plates 3 and 4 is PATTERN 1,
and the divided flowrate ratio Q/Q islb/I, the flowrate setting signal
to the 20 centre part split pressure-type flowrate controller FVi is 5 -
1.000 x 5 = OV, Sasi digidédlbw-rate chngol syistera? comprises anrer ¢léa 2 phigaley ghelitt o t he
edge part split pressure-type flo at e ntrol.l V. ~de is
590" 56 preseireByESan e P e VTR ETE ] a6V Enhobtif SHAREFRCTE,
flow rate s@iéh aht®isaiakomfolRry Fl 4hd %, ampotifiecblates B apdié commettedab T3. |In
accordance with the_enbodinent, the initi ﬁl yé})wra:&e ratio setting to be
i nputted 2%esPsctiistsplibpressyee-tpe iflowpratscqmrellers 5y 1 and EMeat e controllers is
cal culated in adyaRE&attHiotte dAPbdmbnt MOUntiR BT 8l twoSspRPEREMRL S floRpikd ed
to the input termnal” Ts. However, as an alternative, the followng is also
possi bl e. Toatroliess acsaimpldyedwHoweeersmeorsithen Biqspdit prespue-typerflawreate cauifollerss z
could be provid and the divid f | ] i t ed
to the res ;fggitdi @gb}’rg?%ﬁ oy eé['hné’?egg't ﬂél% ?%?nésg’gtgi%mlﬁg%oo?ﬁggggﬁ%rEgigtse% %?’g in
t he i nt er nale coRekpondihgBandrel thirt twal, oBthefduaber of the seply ngtletatvooldkilso be. Bare
could be calculated within the CPU. O course, prior to the start of the
di vi ded fIdW‘be?pl y, automatic zero point adjustnment should be carried out
‘on theysplit pregayig gi/éaauéitwﬂ@&.?atee&hf&ﬂe}seﬂf\%l ind Fede E¥andad sapidi ng an
automatic zero polnt adjustnent signal to input termnal Ts. 17 Wth

ref erence ttbe Biifjce glate L, fdrich is@ besiacoinpgnemp of apressur¢-typerlosy-rate eontesd gpst¢ran

“(start) si i, lied.to termnal Tz . and then . th resen f i

gt art )si gn% & @8%?%‘%’8*(‘@"[’@ ’@)rgmeiﬁecdeaqdﬂgﬁlaﬁ%ﬁy iz C%ng %at%g?r ¢ %éaﬁgﬁ (gras

been acknowhg arttg}g]c@rpqa‘ﬁ@n BaviXg GiffdeeBR(ordagdt € conbi nation indicator

signal (the pattern signal) V\zi ch gnas been inputted to termnal 5 Ta, and
f

the presence of lampaitisutar,zaidf spipressuse-typeiflovseate congrollergday1 andifofs #eis been
i tted to t i | . ifi P i
oo S Pl T T SUER B el

changi ng ofthe aiedtrbfﬁh%]deﬁb vhiveuctuatieh typé 1siused s@thadit sigdeal easilyvetickigh (ISWEP 8) .
Specifically, when the initial flowrate ratio setting signal is inputted
to termnalfaes Qandfl. (in this enbodi ment, the value of the initial flow
rate setting ratig, drdiohd®sailtihiorbEre §pé Hl-rhteniralids B84 bhagvya ue for
FVi is OV and thrle‘l%ﬂlﬁtr?g)ﬁ ?IS%IW étfper sel{ttls}lr)lg value for FVz is 1.325V), the
initial flodemtidabtosthattafiie fiavweats canteolisppemteS.t o both of the split

pressyre-type fl rate contr.ollers. FV~-.and FVz such t.hat id c rollers
FVi aﬁg FVa pas s%éeftﬁ%c%fo ]?IEBW% éfitgg r%%fqne{gp%r%? }Fgrn?lgﬁam@%eﬂ\y?q%;{f-ef | ow
rate setti nge¥ald®Sinsi¥bite@ha@bér ©lnd tHeWrésdi® PhSo@tHeRiphtrédngsidé 8f the orifices
corresponding to the current flowrates, are outputted to the termnals Tm

and T~2. Salaboftbetenste fartowmificapatoditthen theidividedflowrate Q1 ¢ar pe pentplied suitke t ype

flowrate contr ers ,are conpared with 4 he . td i ..signhals
nt STEp o Cusi Qe G RTBR IR L A Boibl B oS VS GO0 aBY s, o
signal's. 20cdrkstaht détenfifedvilrer bitits by ke ctoys-akctionnl btk wEetie drifkoei3apits shapel andt put

signal s exceeds a set
25 the gas temperature.

Referring to Figure 2, said divided flow-rate control board FRC is provided inter
alia with said 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 automatic zero point adjustment error signal output terminals Te1 and Te2, said control

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




value for a prescribed duration, then the flowrate setting signals to the
split out flowrate controllers FVi and FVz are increased stepwi se at the
sanme rate (or degree) (STEP 10). Specifically, the input value of the flow
rate setting signal to the split flowra&)g controller FVi for the greater
flowrate Q is increased stepw se by 100%-> 50% --~ 30% 25 -~ 20% ~ 10%
-~ 5%/ 0.5 sec., and contenporaneously the input value of the flowrate
setting si gealindlo TaireTgpdridtsaid lumﬂtraad@umh@btwlfmelrltYIWtimfQ%Plttﬁéfmlé%l%@?1 TTow

rate 2 side s adjusted so as nt th
parti cul ar and i copastehiodhe meéﬂlfmp«s %?m%ll%%ﬁ %ﬁﬁ‘éﬁhﬂ% S?‘lgts@n?atl 0
setting valcggnécﬁoghzgsﬁa]gﬁEQg/ S) [said initial flowrate setting value for

FVi is 0 (5 0) V, and 30 the initial flowrate setting val ue for Fva
is 1. 32 (5 -3 élﬁlus-, whezoan aguatian giggaliiglinpuited o said igppt tarnainglely thegespsFive of 0
(5 - 5= 0) 1Y Suldiybt Bbw! aflednbfiers BV aHOF VA sift eralingdt & Brodetdnfified |

. 32) are P y |ncrease st epw se by 50% --] 30%

-~ 20% ~ 10ﬁ&tml~se5%ﬁv réte ratics € pavitduibarg atseddsﬂ%edrbawge thencontrel falYQ;GVsrtfa’g,%

L 0. s bt Gyt cdpirolle? Forsfe Erpst Baly Taler i iy Syt 61 G igsBefeyy ©°
every 0.5 sg@aomebeitbfl @bfldteke dé‘g@édio&tz}ﬁtﬂwhseoﬂthcﬂngﬁ& @Vefﬂﬁpﬁl&tréld»w-faté he
series: 3.5(5-5x0. 3)/3 896( 5- 15x07 fZ%m!Sh ﬁ% x 0.2)

4.264 (5 - conyolierisgyened isadinstad top 3 ta‘Bedx fhe/fulf o S‘?“% gegf""bxé X

0. 736) o (st ageritlent aéch@uth'%dex?&nQe’OQ [ 4.816 (5 - 0.25 x 0.736) (stage

5). en the devia n between the I nput and output signals at STEP 9 falls
within a set raﬁyhexaa;smprsglal s ingfutted éo the dqpuit sesmitied Mg dhe odntehivalved QY afat e

setting si i np t he i nput 10 val ues 0 tt I
for the spgqot%h? eéﬂf‘r%??“%ﬁ?? @PWerraEe ‘i@wmﬁ?{a%&vfnify 8%8%1&4 Sfer elt E?nSIt gn? hz
i nput signal val efrRbre! 8erb FBRE hGL/MENDEHLER N REmIIIRAPutted Eihd Ihtonilid t hen

the presence of the deviation between the nput and output signals is
rechecked (@irczpmmzadjustmemtrsgrmbmnpat tegminpleT s for Automatic agratPom @divsiment okthgnal s

s, "5 forovepeoeR e SERBRAY P bk e lpulaloh sBAPE el B

is an abnormbidtlﬁpumemhﬁaldew ation and the stepw se change noves on to the

next stage. Wen the existence of a deviation between the i nd out put
signal's is recogiipgiematic zerpmpoint adjustipgnt ssgint perforRscAs ﬁ%gre@gh%paqglf TRE cause

the flowra t t nyrol |l ers
FVi and FVZ(S&%@%%%%% ar?%%%lch% Y é&%%sféﬁélgrfe@% F gggélooru% e‘é\érrg@ﬁa?’ ?‘flo'\l;\{zng on
fromthe presentAf hIﬁMalrfaivemetatmrsgttmg gigahiscaldjatedbon thie bagie of fhesupplplflamat i on,

the ra change (in said flow rate settin
rrp rategratlo QlfQZ between the flow rates bll agd 82 ?gratlles Sll)lﬁ supply lines GL1 and GL2

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/Qz 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 inputted 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 Q1 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.




carried out in such a manner that the flow rate setting signal input to the
split flowrate controller FVi having the greater flowrate Q is subjected
to a ranp change of 10%/ 0.5 25 seconds, whilst the flowrate setting
signal input for the split flowrate conﬁgol | er FVa having the | esser flow
rate Qz is increased contenporaneously at”the sanme rate (STEP 14). The

devi ati on between the flow rate setting signal input after application of
the ranp change Aamgnalh@mdmateetﬂw cewhination of e shewe platgmrifise plstas) dkefthed at

02 T BRSSPI i AR S R e ront

descri bed e%%vlé &L hg evl a ’tween t
out put at &hﬂa@emﬂerm,ftwsmslﬂ céntrepartshoenplate Zbarsepmwd]gi oo ecuupﬂedm'lﬂl #20

4.632), the flowrate settin nals for &h it £l trollers
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rate setti nats atardpratidéd, bnk eﬂu@i@é’d with 380 offifiess, 4a0 Breethie loehek ity 478t ceificed 44.ng
input to the split pressure-type flowrate controller FV i has Been et to

4.0V and the f|&Wq@ﬁére§éﬁqmmgati%l|§@€ saigh shoerdylates 3. 4 are prpdeteryined. ety | er
FVz has beep.6ibindtidn Bf%k/sﬁ éj%l&éb habilg 48IoBEEECH: Hid tROBGWEr plagdge Of a

devi ati on between the I nput out put signals is confirnmed onCe again at
STEP | 2. Thehavimg360 kaifiges u(hemmhooaledMTm I ngnéthgroshes combinationnethees at

STEP 13. The flo set In al 0

pressur e- t YREVF] a%e?’atlaé’m@o tr°g1fsc8gglwd trﬁg Sho gré)g%tggh%gmggyg Orﬁg%s Bhange at
‘a rat gpof Qh&‘dldaﬁ@r &I18@PATUERWT) 2-bithigifal @hgnalaﬁrﬁllmhgismgmﬂ‘gmnnput of
4.264V to the 58 it pressure-type flowrate controller FVz is increased at

the rate ofPATT Z@rq@gut;e@ogelg\yer/mlgagt second. 10 Subsequently, the
devi ation bet weeg); $&ifiro Ehg&y rﬁéto?tﬁ_ﬁﬁﬁghﬁ%u%étﬁ ??'Hmﬁa'W% MBS arB38tpagen

subjected to the ranp change an e-contro low rate signal output is
checked at terhiiRali bor iiMieatimg tﬁevomrol Blowi mtas@acumamx{ratea) Qi and Q2 shihe spliten it
for a gj

falls bel ow t he pres ri bed val sI for
0.1 secondsPTe{SHE-HPH Y"éﬁa@ @Eirgﬁ%ﬁﬁgfn %/Hegat{oé‘ ?r?flet Sﬁf"iltfé]ﬁoma?egt e
contrekl er f t patansettin

15 si (ig)%al afidh B¢t dielf OB fﬁdréégﬂ%?m%h?ﬁ gfggﬁ%g? Voﬁg%tcltd;ﬁwl(n b 17, the

exi stence or norSadfletenteseiting sigaal inputttemiinaailel f Tsecde aput teminalsiforvblagew
rate setting signal is verified, and thus automatic control of the divided

flow rate bygnakeofdht PV qorigspanding te s floy ratesQrand @neppplied taghe split SHPRIY ded

supply of t t gas (flowrate Q fromthe gas supply source Sis
acconpl i sheltq1ee %‘%hﬂlizs the material gas G having the prescribed flow

rate Q fromthe $jase &apmhyﬂmmteé) iS setsbycthe upecbamrsidhgrepuestype flod-fatow r at e
ratio [ Qz such that i's supplied to . the .er \H placed. inside.the
Chanbal C veaRIohy BRSPS stRdRe il Bov i o Sk wenll sRleiresd T BR piFens 1

accor dance | @ i @efh W rate
accor dance M ibu! AR AERARY: it YAAE @tho RrIRRTIRA! 0BG Rile derih

pressure chanber froma as suw{a HEC
appar at us qunqbqo@dhwdtvmed fbwemr(él-étnﬁl;ﬁz Cfalndw-aﬂmf@tl@@lht eadeu @?@!fé erizsCPU.
t-hr ough spl res ow—ratec ntro rs. EVi flow
at e cont Fof nagRpTs arREcesnelY i FpiR P PEFdele S P Miemt RO TG
i.s initiat _eﬁtéaglraﬁa@ 18 5ai@ Mnpub tdrinflal THOW Tsairtadvande Bloweéd it n@d@ir@lﬂakhaBO
froma divided fTlowrate control board FRC whi ch causes the control valve

CV of 26he the flow-rates Q1 and Qz could be set independently at the split pressure-type flow-rate
controllers FV1 and FV2 in order to deal with a situation where the total flow-rate Q cannot
be set with great precision by the upstream pressure-type flow-rate control system FCS, or
where the gas is supplied directly from the treatment gas supply source S to the split
pressure-type flow-rate controllers FV1 and FV2. For this reason it would be desirable that

30 said input terminals Ts: + Ts2 are installed.
Said input and output abnormality alarm output terminals To1 * T2 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



pressure-type flowrate controller for the greater divided flowrate to
open fully, and wherein the treatnent gas Gis divided and supplied to the
controllers FVi,Fvz at divided flowrates Q ~ and z expressed as fl ow
rates Qi = CiPs' and z=CaPs" (where C,i and C2 20 are constants) by
adjusting the pressures Ps' and Ps" on t B¢ downstream side of said
respective control valves CV, using the orifices 3a and 4a of the shower
pl at es 3 arfldwirapr ettingeigriahandtse ebtanieontrgl flgymate gigopkis foundde be aragtyr thantahe

present invention, even w th treatnmept fr 3 . supply appar at us
equi pped wipf‘?fcﬂge;ﬁirv LUFEn 2 ﬁretthf;?a(? ePg% Bl%?gtﬁfr?%‘?a Eeyrs?%?nﬁ@%, the pressure Pz
on the downstr eaReprébentaimbddmetii§ arganged sidhethgirths mpneaddyqepidtls@nalsat the
control systemFCS is not permtted to rise sharply at the ti 0

Pl {41 ng umeseribasbievels 8 TpRGIeRest prtouTied F¥HeY o HA Sropls PLE B e Y-

contr o | ed (§.Q bheo19Raid BEC fl1OWEeVeRlifpitahd Suiphut B%M@Ey Sdrl coBERhRRhESScld t he
di vided control by neans of the pressure-type flowrate controllers FVi 10

and FVz. Acfepdisebe usedifpethginpyeand putpetrignsis fophertarminals.of t he present
; J be. ; . ; .
nvention can beaekh KRt ) Ghd BIFhesGASKRMNLAPHAR He (BnliBIRL!

because the orifices wer p and 4 provided inside
t he chanberF\G ad&\efif emtduvet pyedntrollieg ttespressuredhé and Péirangheflowhstresml side

pressure-type fl]owrate confrollers FVj .and and, further, 15 both of
the split pismed %thtvigalr’?so Vraaf%eneamifzmvs#?{%ﬁfea% erbhdisiSnt, S%Vé%‘id?cal ly
identygal tRedshR-HpEASW rite RLolerOFW I BEFCORYeUSd Giith @BV ES chitdétehiaiosor e,
according to the present invention, the initial flowrate setting,signal

causes t he showninFiguss ¥ as batweercths setfing pigaals (R e fer the Sawrrates Qu3a¢ Qg1 thg,
‘having the Eﬁﬁf @é?sue&%yf(ﬁ?{{g aé{l’ ﬁ%ﬁowtg%ﬁnﬂﬂ?@ Q%\é)%?ﬂl@%ﬁﬁ# 415\)? rdtl(the €XT €NT)

and the contro v I't "pressure-type owrate
control | er doatrbeflopeaterd to a degree equal to the full opening x a (where c~

is a conputed opening ratio P3"/Ps' calcylated in advance in accordance
with the final fiigwerds e graphical piepestation %mﬁﬁﬂ&a% %ﬁa@ﬂ using e tow

contr ok, Wlﬁ{e%{aﬁ‘%g@/gggém 4sh E%gle%i‘, rgﬁ%séﬂgm' dRteflatioNshiPb&wedt ihe t5l fFwi S

perforied firs es of sal l ow rate setting signals, and
t hen, when rate @ sthé oonirb! pressure Pe' foetheakentoanpire splie ressure-t® flowpuate spatraler put
signals is wthin a prescribed range, the flow.rate setti si gnal re
subj ot ed thVnand i BRENGed e T Ad he bR SRUESERHIbirg TG RE Gt
returned t OF‘%:' ForARE SoRBiRaRSERY tRE SHTvRY Plate 3 TBANE UOOVoFiAER 288tk iiMkedd dipmbter
signal and the control flow rate output signal are then conpared with one

anot her . V§fn2ii ¢ $orf theinehtiehprt gak disdbargent Doandathe weawertiiae #puing 860 out put
signal s has been brought below a set value for a prescribed tinme, then 30

the fRBw r aerifioss gnchamsingide diameser of o mmidh for the adgespart saa dischasger e PATHERN g

signals to the split. pressure-t controll e F\e- daccﬁilt,

t he met hod bc@éﬂr"%ﬁyﬁﬁ eg?}“t"%ewﬁ?fé?gﬁ?zi \%ﬁh Oi@ofg&oﬁ{%ﬁ O’p%)@sﬁ Igatsf) conduct

di vi ded f oife hiaf vERBIOF eHe ritio PEARS berwelti BfSdthie baip orttad\prasaure Pecanidrthé | er s

EVi and 21 FVz with extrene Frorrgt ness and precision with respect to many
&

flow rate redgedsrtonicpl prassuiedsl &5 hadl-above, the present invention achieves
excel [ ent, pract Sﬁrﬂiarl?r,r BiShed 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/Qz= 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/Qz 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



22 Clainms A nethod of supplying divided gas to a chanber froma gas supply
appar atus equi pped with a flow rate control system characterised in that a
gas Gwith a set flowrate Qis supplied into a chanber C at a 5 prescri bed
flowrate ratio Qi/Qa froma gas supply_ apparatus 1 equipped with a flow
rate supply systemthrough a plurality o 5split supply lines Gi and Ga
and shower plates 3 and 4 attached to the ends thereof, wherein, with split
pr essur e- t yif) dorf dxamptea PATTBRIN bis|esmpdoyredi forthe chivhination af theghowersdatds pland 4l i ty

of split supply lineg Gi, and .control . of .the. rees of openi ng of
said split “Egs'“)f/"’fné\kg? gf’%{f tc?r{?t?(b%@fés 7‘—e\t/|§0 gﬁae"l:t\l}ﬁretlsodlgglrféeﬁectgﬁerb@leﬁggﬁosl of an
initial fl gessdle®: SR the@ntio Flhﬂt QplitPirgssare-th pofiow-raie\dodeolldr IFMi-and tige emebot ol
board FRC causing the control valve CV of tgle ;lplit rorﬁs re-type flowrate
control | er PEESSRTISE T KRS the edgedartispitpressiee-tvge fumratecantelienf Y2 xt ent, and the

desired di viodpditibemy@bes Qi and Qa are supplied through orifices 3 a and
15 4a provided I n sai'd shower plates 3 and 4 by adjusting the pressures

Ps', Ps" on the Sidwelatioaship betasenQ, (h&pedRsoP3'vis Faledated using tike olewingow
rates Q and i expr 1e fornmul ae Q =G Ps' and @=Caps”
(where G é’ﬁa‘?&?@r’ggﬂ%‘ﬁ@ @ﬁ?@tgdggﬁég%% ned by the sectional areas of the
orifice hol es 3arings flawaatt Q rea pips if exppesed aw e on the upstream side of the
orifice), 20 thereby supplying the total amount Q= QL + Q2 into the
chanber C. 2 A RtHod Bf-Bppiyi ng di vided gas into a chanber C froma gas

'suppl y. appar at us_.equipp L-4h fl rate cantrol systemto a chanber as
cl ai mﬁ% in clai M}i‘gg@ﬁéf&% ﬁéﬁhf—\})i%\ﬁ%éq(ﬁo ate control board FRC is
equi pped with a . g i 1 : i i3t
termnal Tz, an %P?Pg&'?sf@&v&r%g%ﬂggﬁn}e%@&&gﬁ?}g{éz%%g%ﬁg ?Pg%{teén)e’rldmméal
Ts, a showdength af theqipediengthi(an), iPn thecessores(Tgnma bt the ppstrensr endrditheTzpe, dartbe ol

flowrate signal gutput termnals T d T~2 for the split, pressure-type
flowrate JURBHS ([fgqrga e S%WEFWQ%‘, e“g]r?g Eﬁ?ﬁ*ﬁfiﬂ%/@@&&‘?%ﬁﬁ@ﬁﬁgfﬁﬁse&ﬁar m

out put term nal Ireq of $ L {Hel i ' th §8€ oPPRE sBo?

devi ati on bet mezrrl%tgé{gss}l%g% r%? (gg s)gltH fﬁlmn{gﬁelI:Jri\llgeu‘f§d gﬁ@g‘hgfésh aér}g@?he%ontéropl?atfe SI ow
rate ofit putis salgulated ukimg@ ed @phbdvepwiths sheriasitly pmnfetep\of thaet @ifwe mblecdfithe s FV~

30 and FVva, wherein with regard to a plurality of conbinations of said
shower pl atshewsr plat as D, ihelgngtheof ghesoriicedolg of tﬁg shower plate-ash, the ygmalhr ough
t he shower Spa— r t t r 1 0n. Q.|
pressures F’g}e?s{éﬁeaﬂ)gs %’U;ifs 415£§%?ﬁ%ﬁhﬁ§b§rofv%tg% ?‘2”5{%4“% t%epré%gfeg%h t 1’}({){% \gfg Iuses
CV of the sptdih epclesrifivechole/gmahé low reter@rol l ers FVi and FVz are cal cul at ed
fromQ =C Ps' and Qz=CzP3", with the flowrate ratio Q/Q being a
paranmeter for a plurality of total flowrates Q the initial flowrate
settinpg Si Qﬂﬁle‘io the split pressure-type flowrate controller FVi S having
the greater owrate js caused to be an input signal voltage Vo for full

openi ng of{ Flow rate ratio PATTERN 1 PATTERN 2 Initial flow rate
” Q1/Q2 Control pressure Control pressure | ratio setting
ratio P3”/P3’ ratio P3”/P3’
171 0.961 0.999 Full opening (initial
172 0.679 0.705 setting input signal
1/3 0.557 0.578 =5V) of FCSV2 for
1/4 0.481 0.498 flow rate Q2
2/1 0.736 0.707 Full opening (initial
3/1 ‘ 0.601 0.579 setting input signal
4/1 0.520 0.500 =0V) of FCSV1 for
flow rate Q1




the control valve, while the initial flowrate setting signal to the other
split pressure-type flowrate controller FVz is caused to be said P3"/Ps' x
Vo, whereafter, once a signal indicating the conbination of the shower
plates 3 and 4 and the ratio P3'/Ps" betwen the initial flowrate setting
signals for said split pressure-type 10 owrate controllers FVi and FVz
have been inputted respectively to said input termnal Ta and said initial
flow rate rati o Thetméthed ef synplyinigrgpdivided gas 19 clmmber preofdingorthe prespmf t he
gas supplied fromth S |y apparatus 1 is set at a desired flow rate
with the cdwfinbfm\lﬁaq@gg&g\yeg&t he split pressure-type flowrate controllers

FVi and FVz bei ngith wferéneperRiguresvh endyfif ehe agtuatiot sighalanngtSipREd teimpoal i s
t he nce

inputted to said start signal input 15 termpal, Tz (STEP 5), Xi.st

or non- exi dersipe '%foef\él}ﬁ @V’gﬁ‘i‘ﬂ@}”"g_?ea‘i"éﬁe tl’ﬂ?lr gﬁpog‘e_f‘ ‘E‘,oé‘frBiV YgHa Ogﬁﬁt ai d
initiad flQwikehisshAdiype ABhiaeontiBNas FRRIaRG FV8 aid dRsled RThEr Il &AGR. Abe

i nput of said start signal is confirmed (STEP 6), then the initial flow

rate setti mgsudi hedrestment pasgipplielfromghe gasysupply soprcetS gdadiisted 1o Phpdflow
flowrate Gofts gJ( g&ggs &the gsﬁéégp%%%mg c&gmﬁm Ft'sqgvs,lg@ﬁi%d titbiigh the

setting signal progfessively 1 ncreased stepw se a e sane rate
(STEP 8 andphifiiv-tate cohtralledelVatndRVhatavaso cotmespbhding npprexiseit¢ly hythematin

signal and the coptrol flow rate o ut signal pre t observed i

checked (Sﬁﬁ”%ﬂ,tﬂ? FespgCtiyg {9l ar?ﬁﬁr?gtﬁf zke%e?%sﬁgﬁpg gﬁéﬁﬁlﬁs Biverlotesdond i s
w thippa sef range, then the flowrate setting signals to the divided
flowrate controllers FV~ and FVz are reverted to 25 their values as at one

stage or step béfowdor dizided supply of thetgas Ghayingomnid efal flamiateQahp greseibedange
(STEP 11), apd reafter Qw, rate. i i I i:

ow rate’ B CHRERE ekfole X"y B8 kb Bl I8 RINCT bdferbBidide o
same rate (thd EsinBidatiditipaEhPoflthy shdWdrepldténes aield of the gabéisvimegers De andPatthatnd
out put signals is continuously checked (STEP_15), and_v%en_ it is found that
the devi at i 256 corneqisd to theendsof the splef supply lines Gn and Ghe is tygh inputtedfodpputhe
tinme th : h i i:£: Ki . ] : 1

i gnats r ogrifR " 8REfech in Hitill fhubeaflanl 08Re ofeHA ) OVl Rnpheidelitd i
setting si g saté catiot QeQs ph the Habiowf Tatle 1 caml the bbtained Bignalas chptted (SHBER 16)
t her eby naki Eg it .possible to ei Tect divided supply of said gas G under
said flow teoBnRL % setting signals. 3 A nethod of supplying divided gas to

a chanber from apGasichitd PlvNerd BRAIORIHSat RE PaRBA b thd shodvef hla¥s 3aing 4GoNt r ol
systemas clainmed in claim2, wherein the stepwi se change of the flow rate

setting si gPATEERN lcandstbd divadédflove sase rasiot@1/Qs 15t24b the Boy rate setsing signg ts the
P90 e TSN A U ARSI B 8o L STl v
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 Q1 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.



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

appar atus equipped with a flowrate control systemas clainmed in claim 2,
wherein said ranp change is effected such that both of the flowrate
setting signals are increased by 10% at the same . 10 rate every 0.5
seconds. 5 A nethod of supplying divided gas to a chanber froma gas suppl y
apparatus equi pped with a flowrat system

control din, cl
wherein if the dWihzefeshchiokigus o ﬁ%tb%ﬁ%‘n&ﬁae@ﬁ?‘b&%@] iﬁge éﬁH?tf%é@gtby
nil for mor &ah@rh ﬁeai ebet@mmgamdammkﬁffﬁ prédaRce 5%&&9%;@41% 9&ifddNYTEP
signals at t are fixed and nmai nt ai ned ow rate 15 signals
for the fl (ﬂb/—(')ac&ethcmnm of the startrignahhas e ackgovledged.adie presenpg@f gishepveli vi ded

gas to a ch

Qont ol sy SuBaaEblLbfire RSt el (AP BBteR} Yo EhREE: B capd e
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t he downstream S|,§? of gtgedb@%t pressure-type flowrate controllers FV~
and Fvz ar derupgl Lyarg yer. M00Torr, the total flowrate Qis set at
100 scan ~ 1600 W‘I&Eﬁrlheell;?ﬁhttolf'ﬁleqmﬁaﬂﬁ@e ifah@%thﬁga hallHaQ bedd £&nbwlelgdd, tHe 2,
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froma gas senyyisschapgiagf said injtialdlnvvraip saiting fefigwignak maenced(SIERem as
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M 10%r& () - $10%1&' () - 3! $10%&’ () 33100 O 10,10
10! 0@ 294.09& (4-5.(&-Crro4hathods & 0.5 x 0.736) (stage 4); and

10! (1098 () - M Jbé HOYE' 2 ' | MPA0% { & ()-
11 940% ()- nd Zé%gh;?l\’é%gygﬁrﬂPg # 00/%55 %%2@%’?% - Ft 100;@{22' (§) 10 10 10!!.
%098 ()-L!. oM0RB e ddvintionbetsenltheinpat and output signals at STEP 9 falls within a set

o @naAAqBrEER 6 o BSHGRTEE Chdgef GRRNEROR Fab soind G ol the iR -
~ 1 Y0V (Valukh of tHe(flddWdatd etttoTigalOfak tie) spW BowtrBBROOIRgHF V0 £dd BV? are
caused to return to the input signal values for the immediately preceding stage (STEP 11),
and then the presence of the deviation between the input and output signals is rechecked
(STEP 12),
If the deviation between the input and output signals at STEP 9 exceeds a value
15 corresponding to 3% of the full scale (that is, 5V) for more than about 0.5 seconds, then it
is determined that there is an abnormality in the deviation and the stepwise change moves
on to the next stage.

When the existence of a deviation between the input and output signals is recognized
at STEP 12, ramp control commences (STEP 13) to cause the flow rate setting signal

20 inputs for the split flow-rate controllers FV1 and FV2 undergo a ramp change at the same
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 Qzis 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 FV2are
reverted to their state at stage 3 of STEP 10 (i.e. a flow rate setting ratio of 4.0 / 4.264).
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: 10 Subsequently, the deviation between said flow rate setting signal input which has been
subjected to the ramp change and the control flow rate signal output is checked at STEP 15.
When a deviation is not seen (that is to say, when it falls below the prescribed value)
continuously for a given time, e.g. for 0.1 seconds, the flow rate setting signal inputs to the
split flow-rate controllers FV1 and FV2 are fixed and maintained at the flow rate setting

15 signal values of STEP 14 respectively (STEP 16).

Lastly, in STEP 17, the existence or non-existence of the input of said fixed and
maintained flow rate setting signal is verified, and thus automatic control of the divided
flow rate by the split flow-rate controllers FV1 and FV2 for the divided supply of the
material gas (flow rate Q) from the gas supply source S is accomplished.

20 That is, the material gas G having the prescribed flow rate Q from the gas supply
source S is divided in the prescribed flow rate ratio Q1/Qz such that it is supplied to the

wafer H placed inside the chamber C via the gas dischargers D¢ and De.

Effects of the invention

25 In accordance with the present invention, a treatment gas G having a flow rate Q is
divided and supplied to a pressure chamber C from a gas supply apparatus equipped with a
pressure-type flow-rate control system FCS through split pressure-type flow-rate
controllers FV1 and FVz, wherein flow rate control of the split pressure-type flow-rate
controllers FV1and FVzis initiated by means of an initial flow rate control setting signal

30 from a divided flow-rate control board FRC which causes the control valve CV of the
pressure-type flow-rate controller for the greater divided flow rate to open fully, and
wherein the treatment gas G is divided and supplied to the controllers FV1,FVz at divided
flow rates Q1 and Q2 expressed as flow rates Q= Ci1P3’ and Q2=C:P3” (where C1 and Cz
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L $10%| & (r)eg lil%ss 0 tﬁLe Sh)wded control by means of the pressure-type flow-rate controllers FV1
: 10 and FVa.

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 FV2 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
o (where o 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 Q1/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 FV2.

As a result, 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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the split pressure-type ﬂow—rate controller having the greater flow rate to open to its full
extent,
and the desired divided flow rates Q1 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 Q1=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 T4,
control flow rate signal output terminals T71 and T72 for the split pressure-type flow-rate
controllers FV1 and FV2, and input/output abnormality alarm output terminals To1 * Tsz 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 Q1/Q2 the pressures P3’ and P3” of gas flowing downstream of the
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supplied from the gas supply apparatus 1 is set at a desired flow rate with the control
valves CV of the split pressure-type flow-rate controllers FV1 and FV2 being fully opened,
whereafter an actuation (START) signal is inputted to said start signal input
15 terminal Tz (STEP 3), the existence or non-existence of said shower plate combination
indicator signal and said initial flow rate ratio setting signal being verified (STEP 7) once
the input of said start signal is confirmed (STEP 6),
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
20 progressively increased stepwise at the same rate (STEP 8 and STEP 10),
the deviation between the flow rate setting input signal and the control flow rate
output signal presently observed is checked (STEP 9),
if it being found that the input and output deviation is within a set range, then the
flow rate setting signals to the divided flow-rate controllers FV1 and FV2 are reverted to
25 their values as at one stage or step before the input-output deviation fell within said set
range (STEP 11), and thereafter the flow rate setting signals for the split flow-rate
controllers FVi and FV2 are subjected to a ramp change at the same rate (STEP 13 and
STEP 14) while the deviation between the input and output signals is continuously checked
(STEP 15), and when it is found that the deviation between the input and output signals
30 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 FV2 (STEP 16),
thereby making it possible to effect divided supply of said gas G under said flow
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) 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 FV2.
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 FV1 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
B 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 Q1 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.



