| NTERNAL PRESSURE CONTROLLER OF CHAMBER AND | NTERNAL
PRESSURE SUBJECT- TO- CONTRCL TYPE CHAMBER Field of the
- invention [0001] The present invention is concerned
with an internal pressure controller of a chanber and
an internal pressure subject-to-control type chanber
utilized wth sem conductor manufacturing facilities
and the |ike. Background of. the Invention [0002] In
recent years, gas supply facilities equipped with a
so-called "pressure type flow controller” to be

enpl oyed for a gas supply facility to a process
chambelNT: E’&ESﬁ QQN:'B%OIAI-E'K QfeGHAMBRR AID

manufacturing facilities and the |ike. [0003] Figure
| INTEEINAL EBESRYREEHBNECTITIO-GONEROb TR GHAMBER

pressure type flow controllers Cl, C2 and C3 and
fluid switching valves Di, D2 and D3 are provided,
and switching of the fluid supplied to the process
chanber E, and flow rate adjustnents, are
automatically performed with signals froma controller

Hield of thellnvextionF] No. 11- 212653 and others). Also, it Is

so constituted that, with the afore-nentioned

[00043 s The present inventionis: casicemed with aiCitemel R@ssurefdoniroller
rate passing through an orifice is conputed by a

of amhamber and dnvintegnal| pressung subject-tbaontrobtyfe clBmbebutilized
mai ntaining the fluid passing through an orifice Ka
withsemicanductor manufactiiringdacilities. and, th@like22 | ar ger t han
approximately 2) as illustrated in Figure (1) 9. The
conmputed flowrate is used to control opening or

dosing of a control valve Vo (to adjust pressure Pi

. Bagkarbendofthe daventionie of an orifice) so that a

[0002] In recent years, gas supply facilities equipped with a so-called “pressure
type flow controlier” to be employed for a gas supply facility to a process
chamber have been widely used with semiconductor manufacturing facilities and
the like.

[0003] Figure 8 illustrates one example. It is so constituted that pressure type
flow controllers C1, C2 and Cs and fluid switching valves D1, D2 and Ds are
provided, and switching of the fluid supplied to the process chamber E, and flow
rate adjustments, are automatically performed with signals from a controller B
(TOKU-KAI-HEI No.11-212653 and others). Also, it is so constituted that, with
the afore-mentioned pressure type flow controllers C1, C2 and Cs, a flow rate
passing through an orifice is computed by a computation device M, using the
formula Qc=KP1, by maintaining the fluid passing through an orifice Ka under

critical conditions (i.e., P1/Pzlarger than approximately 2) as illustrated in Figure
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difference Qy with a set flowrate @ is made to be
zero. Here, A/D designates a signal converter and AP
* designates an anplifier (TOKU KAI-HEI No. 8-338546).

[0004] As illustrated in Figure 10, the internal
pressure of the afore-nentioned process chanber Eis
mai nt ai ned at a set value (10-6- 102 Ton-) by

conti nuously operating a vacuum punp VP through an
evacuation line Ex having a conparatively |arge bore
Lqulhsheempited fiow eate dntised: toeentrl openipgtaratiosing apa control
and a conduct ance valve CV. [0005] A conbination of a
yalverip \(to, adiust-pressyre (R on ¢he vpsiteam sidepdf amprifice)usththat a
a _turbo _nol ecul ar punp and the |ike, and a secondary
diierenes Quyith@setiflow rateQaris made Jo hezeros udera.sA/R dasigniales
punp and the like, is commonly used for the

af siopaleganverted eedudii pdesignates Haneamplifiehi §TRIKU4(AItHEI
system for which one vacuum punp having a | arge
N9B338846)ol une and | arge conpression ratio is used,
has di sadvant ageously hi gh manufacturing costs and the
0904, Asdllystratedsinrfigunectfl the intesnali pressune bf thecaferesraentioned
chanber E is maintained solely by the operation

peeness chamher s maintainad atyasset valsie (€0 ~°Sp a4 Tairn) b lcpntimiously
set internal pressure is nmaintained by adjusting the
opepting af vaguam rpymp VR etheougbmani evaguaties uinre Ex having a
control | er APC and conduct ance val ve CV. [0006]
cemperatively arge bore requipped ofithnbre auematic pressurei confrolprrAPC
10, continuous operation of the primary vacuum punp

angba conductamced vabes CVuch as a turbo nol ecul ar punp
havi ng a hi gh conpression ratio and a | arge exhaust

[0086]1 A, combinatieq f rmepriményrvaceumpuenp (@ highdwacauiqamsp)orPy,
the primary vacuum punp VPi and (2) the secondary
-shcicasatybomolélari puniyeandihe likecarsdba sgcoritary vdium pump (a
di aneter of the
low vacuum pump) VP2, such as a scroll pump and the like, is commonly used
for the afore-mentioned vacuum pump VP. However, this exhaust system, for
which one vacuum pump having a large exhaust volume and large compression
ratio is used, has disadvantageously high manufacturing costs and the like, so it
is not popular. An internal pressure of chamber E is maintained solely by the
operation control on the exhaust system side. Specifically, a set intemal
pressure is maintained by adjusting the degree of opening of the automatic
pressure controller APC and conductance valve CV.
[0006] However, with a process chamber E, as shown in Figure 10, continuous
operation of the primary vacuum pump VP1 and the like, such as a turbo
molecular pump having a high compression ratio and a large exhaust volume, is

required. Furthermore, to reduce loads on the primary vacuum pump VP1and
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pi pe for the evacuation system Ex needs to be
relatively large. In addition, a conductance valve
*CV, an automatic pressure controller APC, and the
like, are required. Accordingly, equipnment costs and
operating costs of running the vacuum chanber E are
high, so it is difficult to achieve reduction of costs
with this system [0007] Wth a process chanber E, as
hown in Figure 10, internal pressure of the chanber
SESARGaY VEGUURR PHEPT2 It DReomenegassATYhatthe Hiameteraf the
automatic pressure controller APC and the |like. This
pige Jpr Ye; eyasuatiqnesystam &x naeds to e relgtively;larae. r 4n addjtion, a
t he process chanber, which | eads to unevenness in
crdurtapce vaive (e ianAyiematic PrespiesasiroliefoARG cAnd theelikes are
needed for adjusting the internal pressure of the,
regdired; Acrordigluoequipment cpdsrangr eperating ostsr of running the
responsivity." [0008] On the other hand, to raise )
Yacupm-chambey Bare highy saiit ip difficgltte aghieva sedugtigniof costs with
measures to control the flow rate of gas supplied into

thissysiehber E night be taken in addition to the
control of the exhaust side. However, it is necessary
[P0 With atnresass ahamber B, as shewe jn bigurer#0,fintefnal pressure of
as supplied into chanber E so, over a w de range of
tg‘? «hanmbes is cpatroliadeusing gl $ha) operation reantrel of theraytasaatic
adj usted by adjusting the flowrate of gas into the
REeRSYHR comtrolipp AR} and %mlike-sa'@ia resulis in proplans: sech asl atlow
chanber E, as shown in Figure 8, has the feature that
opeealing ratet gfithe prapgss shamber, whichdead: faognevendessint quality of
facility are not influenced by internal pressure
treptadgproduetst basausel dow Mmuchatime ris Reedath dorcadjustingathe intemal
conparatively stable control of the flowrate of the
prasspreofdhe chamberdue todsoecalled fppanpressure centrat cesponsivitys’
are mai ntai ned, thus achieving an excellent,
[0908L t Onathecbther than@3to raise responsivity of intemal pressure of the

chamber E, measures to control the flow rate of gas supplied into the chamber E
might be taken in addition to the control of the exhaust side. However, it is
necessary to substantially improve accuracy of the flow rate of gas supplied into
chamber E so, over a wide range of pressures, the internal pressure of chamber
E may be adjusted by adjusting the flow rate of gas into the chamber E.

[0009] A fluid supply facility connected to chamber E, as shown in Figure 8,
has the feature that pressure type flow controllers C1,C2,Cs used in the facility
are not influenced by internal pressure changes on the side of chamber E.
Therefore, a comparatively stable control of the flow rate of the supply gas is

ensured as long as critical conditions are maintained, thus achieving an

~ excellent, practical effect.
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[0010] However, various difficulties with this type of
flurd supply facility have been found. Anong those
«difficulties, there is a particular need to raise
accuracy of flow rate control in the small flow
quantity range (i.e., small gas flow rates). For
exanpl e, assum ng that the accuracy of flowrate
control of a pressure type flow controller, which has

arated flowrate of | SLM ("Standard liter/mn:" a
1903 r Howeyer, yatous difiisulties avith thisatype zof fidi sepply &gility have
Scale") less than a setting 10% In

1% F. S%é Ful | )
beer fount Ameng thesey figs, ctheeex ismanparticular nsfed| to raise
SCCM (" St andard Converted cnB/m n") when the val ue of
aeruraeyefflow mateopntiohinthe smadiiflow quanityf range (ireat sroalf gasiflow
rate. Accordingly, when the control flow rate becones
rates). ¢ fran exavples asheming: that fthe accuraey (df dfove xateptentrol of a
| ess than 10-100 S , The effect of the error "of
pressuedype fliewidontrelleriwiiciiassa rated dowenate ofet)ISL (fIStandard
and cannot be ignored. As a result, accurate flowrate
ldeniminy] a dlawrrate oba gas wooverted to aistandard statd)pis 1968 ¢“Full
range; which is less than 100 SCCM [0011] Patent
$eale) lassthanmaOsesting\10%E| IMthisldasp] thefsSis @ faissibledmiakiaiunmerror
Patent Literature TOKU KAl -HElI No.8-338546 Public
afil S6CM (“Stridand Cofivertesl ¢mYmin”) wheh Gbd 2aluélof the esrtrdl flow
invention alnms to solve the afore-nenti oned probl ens
ralet in set at tYorofitherated flow ratent Actordingly, whentine cowtrddfow rate
equi pped with a conventional pressure type flow
hecames|less thanat0Sh of the rated \flow tate (fop ekamplepfess than H6-100
|l ow responsivity of internal pressure control of a
SCMherThe effedt of the &frocof the afore-meatioreddel \SGCHAUS tionionger
internal pressure of the chanber by controlling flow
negligiblefand casnpibejignamedt 0As larestit rceurateciow eate coftesl cannot
enpl oying a pressure type flow controller of a gas
blequpegtgﬂ arcthei sm%all) fiawequantityerantyef which issless thant 100l SCGM.
imted to a 4
[0011] Patent Literature TOKU-KAI-HE! No.11-212653  Public Bulletin

Patent Literature TOKU-KAI-HE! No.8-338546 Public Bulletin

Obiject of the Invention

[0012] The present invention aims to solve the afore-mentioned problems with
intemal pressure control of a vacuum chamber equipped with a conventional
pressure type flow controller, namely, to solve the problems of (1) the low
responsivity of intemal pressure control of a chamber, (2) the difficulty in
accurately adjusting internal pressure of the chamber by controlling flow rate of a
supply gas to the chamber because, when employing a pressure type flow

controller of a gas supply facility, the range of flow rate control is limited to a
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range of approxi mately 1-100% and accuracy of flow
rate control over the flow rate range of less than | %
*declines, (3) the difficulty in downsizing the
facility of an evacuation system of a vacuum chanber
and reducing facility and operation costs, and the
like. Thus, it is a primary object of the present
invention to provide an internal pressure controller
of a chanber wherewith internal pressure of a vacuum
sangewd @apprximatelyotrt 106% aod aceuracy ghflaw cate aontralraven thghflow
responsivity over a w de pressure range by enpl oyi ng
rate range of bess than 48 declipes (3) thel diffieuityain dowosizing theffhcility of
control over the wi de range of 0.1% 100% of the
pR guacuation systemuoh s wacuumeharsher andl reduging facilityhaed opération
pressure changes of the vacuum chanber. It is also a
gostsveand thte like. dthushit israe pamiary object obthe present/ imbkention to
i nternal pressure subject-to-control type chanber that
providesanduoternad peesisuteccondrioller. gf raschmamber everewith internal pressure
enpl oying the internal pressure controller of the
ofteevasaum chambencan bé cohteolledweitht hign a¢BAG] anthisigh respensivity
invention in accordance with a first enbodinment is an
over & widle pressiga rangs by remhplaying f fluid sapgip fadilitptthat allows an
i ncludes: a supply gas input part, a supply gas
asgurate flowr controlgaverf thewwidd eangentof d).1%a100%r bftke dequired
between the gas input part and the gas output part,
raaximameetnfiow sater retevant té hetenhal pressutdehanyessofuthe vcuam
chanber, wherein the supply gas is outputted to the
chambet.o\t isatiso & @ritrrany object of dhel préseny avehtiony to irévide an
control part is equipped with a plurality of pressure
intgpal pressureasubjectid-cohtrelrtype chambeethat aliows aktarate mitétnal
a first controller to control the operation of the
‘poéasusd cdntrobby prmpicincetheinternal pressuretdobtrbifdrof thideamier.
each pressure type flow controller conprises an
orifice, a pressure detector on the upstream side of
the orifice, a control valve provided on the upstream

Sumenay of the)lnvention
[0013] The present invention in accordance with a first embodiment is an
internal pressure controller of a chamber that includes: a supply gas input part, a
supply gas output part, a gas flow rate control part arranged between the gas
input part and the gas output part, and a means to transmit the data on the
pressure of a chamber, wherein the supply gas is outputted to the gas flow rate
control part, and the gas flow rate control part is equipped with a plurality of
pressure type flow rate controllers connected in parallel, and a first controller to
control the operation of the plurality of pressure type flow controllers, wherein
each pressure type flow controller comprises an orifice, a pressure detector on

the upstream side of the orifice, a control valve provided on the upstream side of
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the pressure detector, and a conputation control part
that outputs the difference Q wth the set flowrate
*® to a control valve as a driving signal by computing
the gas flow rate ¢ passing through the orifice with
pressure Pi detected by the pressure detector and a
formula Qc= KPi, where Kis a constant, thus nmaking
each pressure type flow controller operate under a
state wherein pressure P1 is nmaintained nore than
thepresaune detlegtop, andnaecoruputatiarssantrol part thrat tonépute thesdifferente
side of the orifice, and at the sane tinme, neking one
@y withdhe isat 8ow rated®s twr 2 sontral vaivepas & driving signabby eomputing
operate as a second controller to control the gas flow
thages flowitgte Qo passingtiratight the orifice witinpfdssurer Ridetected by the
supplied to the chanber, while the renmaining pressure
pressure [detectarrandod farmsilaoQer &R, ahetenKrisl aceonstanit) thus miaking
control the rest of the gas flow rate ranges, and the
epshpressupe typeflow condrallepopearatd urder bestatearivstdin pressure P1is
controller to adjust a control . signal to the one
maistainedemoteythan fapproximatslyr 2timnes of pressutecP£omthecdowristream
gas flowrate to the gas output part. [0014] The
sitecofdhe orifice; randat the same tinveg enakingvarieofethe phurality of pressure
enbodi nent, nodifies the first enbodi nent so that the
typecitovd contrallecs bperatesae g sepord] contidliento coritfolthes gas floW rate
part to set a gas flowrate supplied to the chanber, a
réngesup 0 §0%l of the Muaximum flgwa rate tsupplut & theadhanitievtiwhile the
value to the input setting part Iinto a flowrate

remainingl pressureltypen flow controliarg operate Risethivd @dntdildrs @ control
convert pressure detected inside the chanber to a

the rest ofithe gas flowahtesaaged, and tit dats ORPREEAAS af@inbafidd the . |

part for conparing flowrate control signals Trom

semmind corgrolbr ¢oradjusti #rcontol. sighal &5 the oneOprdselire e flow
supply volunme of gas into the chanber by transmtting

canirallecseds toceunitiopthesdad Tveratetotne gasoutpi parressure -
type flow controllers fromthe conparison correction

[0034] . Th8Ogrekerthinvehtisi Th acuordricwith Na Aee6AM SHBodinbH,
a third enbodi ment, nodifies

modifies the first embodiment so that the second controller is equipped with an
input setting part to set a gas flow rate supplied to the chamber, a first signal
conversion part to convert an input value to the input setting part into a flow rate
control signal, a second signal conversion part to convert pressure detected
inside the chamber to a flow rate control signal, and a comparison correction part
for comparing flow rate control signals from both signal conversion parts so as to
control the supply volume of gas into the chamber by transmitting corrected
control signals to each of the pressure type flow controllers from the comparison
correction part.

[0015] The present invention, in accordance with a third embodiment, modifies
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(6) the first enbodi nent and the second enbodi nent to
include 2 pressure type flow controllers connected in
parallel, and one is used for controlling a small flow
quantity range, while the other one is used for
controlling a large flow quantity range. The present

i nvention in accordance with a fourth enbodi nent,
nodifies the first enbodinent, so that the flow rate
control range of a pressure type flow controller for
thedinstlembiddimenfiandithe yecandgmbadimentdo include Dpréssure typs flow
of a maximumflow rate supplied to the chanber, while
candrofiersvearmecteddntpagéliel,cangboné is ased derscondrollingea shvall flow
controller for a large flow quantity is nade to be 10
quantigornges whilevthe other ohevis useidefos cpplrolling a dargedlow quantity
chanber. [0016] The present invention, in accordance
rangé. a Thief presenb davantian , inf acedrdancenmdihf iae fourthe embosiment,
enbodi nent and the third enbodi nrent so that the

podifies they/first empodiment, sotthakethe|flow rate contrdl eamgenofea prabsure
to operate in tum starting with the pressure type
tpeflow contralldr dor & small flew goantite rarfigeds/madertoibey0.1 & §@% of a
by nmeans of control signals transmtted from one or
rhatimum fipve rate soppliedi to thep ehamberf white tie fiow rate controliramge of
[0017] The present invention, in accordance with a
spressure typedfiove odntroiteriof a ¢arge flow duantity ienadditorbe 1010 100%
that an exhaust velocity of the evacuation systemis
ofadeaximunsfiow kate gapplied dowh ¢hambarhe evacuati on system
[0018] The present invention, in accordance with a
[8@:063 n (Theeprieseitrinvention)1indaddordaricbawith afifthegrabodiment, father
that a plurality of gases are supplied to the chanber
niodifiessthel firstrembddimphiuamd theythivel epbsliiént soythat fHeoplurality of -
controllers connected in parallel, wherein the

" ppassurd type fidw [WontrskErs dry MRade tovoperdte Gn It starting 96th the

at least 4 wunits.
pressure type flow controller for the smaller flow quantity range, by means of

control signals transmitted from one or both signal conversion parts of the first
controller.

[0017] The present invention, in accordance with a sixth embodiment, modifies
the first embodiment so that an exhaust velocity of the evacuation system is
made to vary by gas flowed into the evacuation system.

[0018] The present invention, in accordance with a seventh embodiment,
modifies the first embodiment so that a plurality of gases are suppliéd to the
chamber by installing the plurality of pressure type flow controllers connected in
parallel, wherein the plurality of pressure type flow controllers includes at least 4
units.

[0019] The present invention, in accordance with an eighth embodiment,
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[0019] The present invention, in accordance with an
ei ghth enbodinent, (7) further nodifies the second
enbodi ment so that a fourth flowrate controller is
provided for a rising rate setting nmechani sm of
control signals to be transmtted to pressure type
flow controllers allotted for all of the flowrate
range, and the pressure type flow controllers supply
the set flowrate of gas after a specified |apse of
fuither modifies\theysdcoad smbxxiimentodo thab arfolrtls flgwatte cori@lie; is
The present invention in accordance with a ninth
providel] forra risimg talel setting nuachahism ef«ontrel signdly tabe fransmitted
punp and a gas supply neans, wherein a desired gas is
te yooedsuea typiei floww tordrdllersvalioited fof all bf thegaffow sate aahge| arelithe
and the gas supply neans is equipped with a plurality
poéssore Hypar fiow gortrdliers\supply the setrfiow rate of glas cifien a specified
parallel and a first controller to control the
lapserdd timerfolidwih erapsmissioh tof contfol gignasur e type fl ow
controller, -wherein The first controller conprises an
[6020] | The present Iriveatiorpincsceordande witht hintmembediniemt inchides
side of the orifice, a control. valve provided on the
aughamben exhaukted by aheacliumspump emdy gaslstigply ffeans, Wherein a
a-:conputation' control part that outputs the
ddsitddegasnisesupliod while the v rdté @ftieagas igscontrolfed; @RtIthé gas
val ve as a driving signal by conputing the gas flow
supply rSansaiss edppdd Withha tpigrality of prsiie! typBr fisv Wohtrbilers
detected by the first pressure detector and by using
comiettddtin Qaratielk&td a ikt cBntfolie? télcaiitih ti\bperhifoicof th iplidality
each pressure type flow controller operate under a
ofspressurshypecfiow BoRtEsiier, Sviidreih Th&Tirst cahthslidr BBIPrisddadn orifice;
approximately 2 tinmes of pressure P2 on the downstream

adirsteprebsiirBedetédtbt 68 théupstraamt §ide T tRe lorifibe, aRi6hii6l Pdlfe-
of the plurality of pressure type flow controllers

- providedton the upsHESA MlleCoTthé Airst Predstire akbEtl, dndea-Ecaplitation

rate range up to 10%of the maxinumflow rate
coitiol park that Gutgits tHeadMiérenceVQy With BR $& TRV vakd QBIt6 BSébifirol

vatl\zlep:s a driving signal by computing the gas flow rate Qc passing through the
orifice with pressure P1 detected by the first pressure detector and by using
formula Qc = KP4, where K is a constant, thus making each pressure type flow
controlier operate under a state wherein pressure P1is maintained more than

approximately 2 times of pressure P2on the downstream side of the orifice, and

at the same time, making one of the plurality of pressure type flow controllers

- operate as a second controller to control the gas flow rate range up to 10% of the

maximum flow rate supplied to the chamber, while the remaining pressure type
flow controllers operate to control the rest of the flow rate ranges, and

furthermore, the chamber is provided with a second pressure detector and the
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flow controllers operate to control the rest of the
flow rate ranges, and furthernore, the chanber is

. provided with a second pressure detector and the (8)
detected val ue of the second pressure detector is
inputted to the first controller to adjust a contro
signal transmtted to a third pressure type flow
controller and to control the supply rate of gas to
t he chanber, thus an internal pressure of the chanber
dafected valyp|of the\sesong; Ryassitre detestor dy inputteditel ther fimtyeontroller
pressures. Effects of the Invention [0021] Using an
rRditsh g1 coptralsignal trapsmittad tea third pressurmtype flowseantioliercaand
flowrate control can be achieved over a wide flow
tp goBtrolthe supply. fate of gas tq theahamber, thussan interoslpressyre of the
serves to divide a required flowrate range into a
Ghambsgr istgengplledsyith high accusacy aver a wislggrenge pfipressuresi ng
a small flow quantity, i.e., less than 10% of a
maxi mum flow rate, to be. controlled by a pressure
type flow. controller for :.: . -controlling a small
Eﬁéﬂ&gﬁbﬁﬁnﬁﬁmx}Also, because of superinposition of
flowrate control by nmeans ' of pressure type flow
[QQZH r dlsingran interoakpressuse cantrolief of the dhiamber, zceuraten flew rate
the flowrate of gas supplied to the chanber can be
cootrelrean bg achieveduoveyl @ wide flaw trate fangeubecause the intemal
superinposed flow rate control wherein the rate of
pressurec¢onfroliensarves to divide aheequiredrflow ¢atel range into arplurality of
[0022| As a result, the flowrate of gas supplied to
smabler rangeshthusdiliowingda smalt flowtquiantityice. gless kHan, 10%
thus allow ng an internal pressure of the chanber to

oba madeumyflawjate; tedbecdntraliedthy & pressurentyppdiow cantratiet for - .= -

pressure. Thus, the need for a conventional autonatic
' ~~cmtm_ilm_graasmahﬂ¢w iguentithPC can . be el i-m nated, and .
fact| 'IAtls{), because of superimposition of flow rate control by means of
pressure type flow controllers allotted for all of the flow rate ranges, the flow rate
of gas supplied to the chamber can be controlled continuously due to the feature
of superimposed flow rate control wherein the rate of rise of a control signal has
imposed limitations.
[0022] As a result, the flow rate of gas supplied to the chamber can be adjusted
accurately and quickly, thus allowing an internal pressure of the chamber to be
easily adjusted and maintained at a specified set pressure. Thus, the need for
a conventional automatic pressure controller APC can be eliminated, and facility
costs for constructing an evacuation system for the chamber can be substantially

reduced. Also, the vacuum pump utilized, in accordance with the present

invention, is one having an exhaust volume large enough to reach the lowest

©



costs for constructing an evacuati on systemfor the
chanber can be substantially reduced. Al so, the
*vacuum punp utilized, in accordance with the present

i nvention, is one having an exhaust vol une |arge

enough to reach the Iowest (9) specified pressure of
the chanber. This nmeans that unlike a conventi onal
evacuation system of a chanber, it is not necessary
that the vacuum punp, in accordance with the present
snegifiedi pressure ofathe charaberi d&hisbineans dkatsunlikega rcohwentional
evacuation volunme. Accordingly, a considerabl e cost
evaguationosystemidfi@ chambenst isomot necessary that trs vacsen pump, in
as well. Brief Description of the Draw ngs [0023]
gucgrdance with the present isyertion; toihaye armonksidesablexexaegs margin for
first enbodi nent of an internal pressure controller
eyacuationa volumenc c diatordingly, ®Bheopsiderable icostmeduction of the
Figure 2 is a diagramshow ng the relationship between
évapuationstysteny bécampesspabsibimas well.si gnal (%9 for an
internal pressure controller of a chanber nade in
accordance with the enbodi ment of Figure 1. Figure 3

is a diagram showi ng the relationship of flowrate

Brief Deacriptioh of the Dtawingsat es SCCM of all the pressure
type flow controllers, and supply flowrate Q to the
[Q023} b &igue 1fiea whold systemaliagramdiiustrating affirstleneyodirhent of an
chanber made in accordance with the enbodi nent of
intenpal pregsureiogutrellet of achanber accopdingto theqresant irivention.
relationship of a state of a control signal inputted

t o al IFigiretis prdisgrameshowireg tHeomslationship! Between triptvsetting
rate outputs Q and @ of all of the pressure type

- (¥o)-and comtrol signat %) fondn intemalipressure icoatrolier ofiachambér inade
an internal pressure controller of a chanber nmade in

. ircacoordimee avithi thé ehibodimdm of Figare ©f Figure 1. Figure 4 .
(a) denotes the case when flow rates of 2 pressure
type fRigure Gdstar dibgransskowingrtiiterelationbhip ©f ibwaatelsétting (%), .

flow rates SCCM of all the pressure type flow controllers, and supply flow rate Q
to the chamber E, for an intemal pressure controller of a chamber made in
accordance with the embodiment of Figure 1.

Figure 4 includes diagrams showing the relationship of a state of a
control signal inputted to all of the pressure type flow controllers, flow rate
outputs Q1 and Q2 of all of the pressure type flow controllers, and pressure P
inside chamber E for an internal pressure controller of a chamber made in
accordance with the embodiment of Figure 1. Figure 4 (a) denotes the case
when flow rates of 2 pressure type flow controllers are made to change from 0%
to 100% in 60 seconds. Figure 4 (b) denotes the case when flow rates are

made to change from 0% to 100% in 30 seconds. Figure 4 (c) denotes the
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to 100%in 60 seconds. Figure 4 (b) denotes the case
when flow rates are nmade to change from0%to 100%in
«+ 30 seconds. Figure 4 (c) denotes the (10) case when
flow rates are nade to change from0%to 100%in
step-like fashion. Figure 5 is a diagramshow ng the
rel ati onship between flow rate setting (% of an
internal pressure controller of a chanmber and control
flowrate Qwth regard to a second enbodi nent of the
paseswhen flow eates are made ta change fross 8%rte 10PPkeinfstemdike fashion.
controllers are enployed in an internal pressure
cont r ofFigiire i is enhdiagramishowing the ¢eletionship histweens flewerate
diagramillustrating another enbodinent of an
selting () obar internal pressure cpatroller of achamiber and coniml flowarate
lurality of gas supply facilities is provided.
gi With degardstoza eggnd ramhadithent ohther presenbinvantiorb wheeain 3
controllable internal :pressure P; of the- chanber
pragsuse tyne/flaw gontralless avefemnplayed intamiaternal peessure controller of
controller of a chanber nmade in accordance with the
thebambent in: Figure 1. Figure 8 is an explanatory
drawing of a fluid supply facility connected to a
ch anbegigurmﬁ isha winpleosystem diagvamtiliustratingpamather embogiment of
flow controller. Figure 9 is a block diagramof a
aiv iptasnalepregguse contwlleo of aathamber Forguhich a(plumlityrof gas supply
expl anatory drawi ng showi ng an evacuati on system of a
facilitiesris pravidedpr ocess chanber. List of Reference
Characters and Nunerals [0024] A Gas supply facility
Gs Suppgyregéds a diagram showing the relationship between controllable

« internal :pressure P: of the:chamber and supply flow rate Q for an.intemal: -

- pressure controller of a chamber made in accordance with the embodiment in:
~ Figure 1.

Figure 8 is an explanatory drawing of a fluid supply facility connected to
a chamber, which employs a conventional pressure type flow controller.

Figure 9 is a block diagram of a pressure type flow controller.

Figure 10 is an explanatory drawing showing an evacuation system of a

conventional process chamber.

List of Reference Characters and Numerals
[0024] A Gas supply facility

Gs Supply gas
FCS(A) Pressure type flow controller for a small flow quantity
FCS(B) Pressure type flow controller for a large flow quantity

(v



FCS(A) Pressure type flow controller for a small flow
guantity FCS(B) Pressure type flow controller for a
‘large flow quantity (li) Q Control flow rate of
pressure type flow controller for a small flow
quantity Q Control flow rate of pressure type flow
controller for a large flow quantity Q Supply flow
rate to a chanber P Pressure inside a chanber E
Process chanber V Adjustnent valve VP Vacuum punp

Vi - V3 @ntGanitrol flow eate of pressuredtypsfigw sopieolier foriagsmall flow

Exhaust pipes | Controller la Flowrate i nput setting

guantity f | ow rate % setting mechanism) 1 a' and | b"
Control signal rising rate setting nmechanismlb and 1

c Si gn& ceanieol diowrraiecofipsessurel typefiow cantrollerdor 2 targe flow
part 1 p Pressure detection signal le, Ie" and 1f, 1f
aeantiol signals | h Switching operation part 2
Pressure detector

Q  Supply flow rate to a chamber

P Pressure inside a chamber

E Process chamber

V  Adjustment vaive

VP Vacuum pump

V1~V3 Control valves

* L1 Gas supply pipe -

L2~Ls Exhaust pipes

1 Controller

1a Flow rate input setting part ( flow rate % setting mechanism)

1@’ and 1b” Control signal rising rate setting mechanism

1b and 1¢  Signal conversion parts

1d Comparison correction part

ip Pressure detection signal

1e, 1€’ and 1f, 1f Control signals

1h Switching operation part

2 Pressure detector

Manometer

3
4 Pressure type flow controller
5

Switching valve
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3 Manoneter 4 Pressure type flow controller 5
Switching valve (12) Illustrative Enbodi mrents and Best
*Mode to Carry Qut the Invention [0025] The foll ow ng
enbodi nents of the present invention are described as
follows with reference to the draw ngs, where |ike
references refer to like parts. The First Enbodi nent
[0026] Figure 1 illustrates the first non-limting
enbodi nent of an internal pressure controller of a
chanber, according to the present invention, which
shoms baslc structure of the |nternaI pressure

suppl y facr [ ty, Gs desr gnat es a suppl y gas froma

[0086] yThm followinguempadimentsoof thecpresent liiEtipn dare i dpsearitied as
a pressure type flow controller for a small flow

topllows with refeeBicB)to thesdrgwirigsswhererlike seferericep eefet tolike parts.
controller for a large flow quantity, E designates a
process chanber, P designates pressure inside chanber
E, Q designates a control flow rate of the pressure

ThepkirdtIEmmbordimentol | er FCS(A) for a small flow
quantity, 2 designates a control flow rate of the

[00286]s uFigutey fcillastrates dhe rfipstl pon-firvltioG) erhbodimentirof carf indernal
guantity, Q designates a supply flow rate to chanber
pressure edntrolfdrest archathbes,t atoording [ty ethe \fireskati ipverition, which
vacuum punp, Vi-V3 designate control valves, Li

showis haslcestrustupe of thefipieynad prsssurelcdntrdliete s Ag ishbwa in Figure 1,
exhaust pipes, | designhates a controller, | a

Aldesigratésa gas bUpply facility Gsjesignatdsta m]amﬂgés (ramfd supply gas
rate % setting mechanism, |b designates a No.

iNgutpart) (net shioan)CPCBEASdesigrates a plessuftetpg rmmeeorﬂm?tbr for a

(second) signal conversion part, |d designhates a

sheiifion quamtity)FCS(B) dusighatds a pressiire tygafiow tontrdller for a large -

desi gnhat e
flow quantity, E designates a process chamber, P designates pressure inside -

chamber E, Q1 designates a control flow rate of the pressure type flow controlier
FCS(A) for a small flow quantity, Q2 designates a control flow rate of the
pressure type flow controller FCS(B) for a large flow quantity, Q designates a
supply flow rate to chamber E, V designates an adjustment valve, VP designates
a vacuum pump, Vi-Vadesignate control valves, L1designates a gas supply pipe,
L2-L3 designates exhaust pipes, 1 designates a controller, 1a designates a flow
rate input setting part (a flow rate % setting mechanism), 1b designates a No.1
(first) signal conversion part, 1c designates a No.2 (second) signal conversion
part, 1d designates a comparison coirection part, 1e, 1e' and 1f, 1f designate
control signals, 2 designates a pressure detector, 3 designates a manometer,

and 4 designates a pressure type flow controller.
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control signals, 2 designates a pressure detector, 3
desi gnates a manoneter, and 4 designates a pressure
.type flow controller. (13) [0027] In particular, a
supply gas Gs fromthe afore-nentioned supply gas

input part is supplied to the chanber E through the
supply gas output part consisting of gas supply pipe

Li and the like while the flowrate is controlled by
the flowrate control part consisting of the gas

K0gp) yinfpactidularya supplylgas@s front the lafare-mentidned sapply gas input
supply nmeans for supplying gas to the chanber E is

partiis suppliéd tchthe chimber Ecthroughedhle supgly gag autpub patt coasisting
the gas flow rate control part, the supply gas
ofigasisupplyrpipe Ineanidi the lik¢ ofilsihe Tow mteiscontralledinethe flow rate
pressure type flow controllers FCS(A) and FCS(B) are
tomdrot part ponsistingi afethe igas aupplyfacility @navd theccontrofiert Y.0€And, a
flow controller shown in Figure 9. Each pressure type
ddsosuppiy tmedrisefor | supplyingpgasttal thy chantber UE tie dnade ubabf the
a gas flow rate passing through an orifice of each
gloresmentioniey stipply @asdoputipatt] the dgas flow raterpoiites] pait] thetdidply
formula Qc=KPi (where Kis a constant) by satisfying
gastomtput,cordf thediket hat P1/ P2 is approxi mately nore than
2, or by satisfying critical conditions of fluid

[0028}) Thetaferesmentiamed presstire e fibw contiblie?s FCS(Aparf FES(B)
orifice Ka and pressure P2 on the downstream si de of
dré basicalfy identical tdJai cohvértionalpiessiiretgpe mwtwnwaw $HOWvN in
conputed value ¢ and the set value (i.e., set flow

Rigure 9(Each pressureityde fdW eentkler i8favdamrshtally ddmstruttal 's6 dat

side of orifice Ka, is <controlled for automatic

- agusflongratypassingthriigh@nastifiss bf BadhSsressurEitype flow &brﬁmuer is: - o

way, a flow rate actually passing through orlflce

compins vl i ey s o
coniditich thatnP P} i appFoxiA&Rly Higreé dha® 2,hét by satisfying critical
conditions of fluid (gas) between pressure P1on the upstream side of an orifice
Ka and pressure Pz on the downstream side of the orifice Ka. Using the
difference Qy between the computed value Qc and the set value (i.e., set flow
rate Qs), a control valve Vo, provided on the upstream side of orifice Ka, is
controlled for automatic opening and closing to adjust pressure P1. n this way,
a flow rate actually passing through orifice Ka is controlled to the
afore-mentioned set value (i.e., set flow rate Qs).

[0029] The above embodiment of the present invention is constructed so that
flow rate control can be achieved continuously and accurately over the entire

flow rate range ranging from a minimum flow of 5 SCCM to a maximum flow of

3100 SCCM by employing different pressure type flow controllers, such as by
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flow rate control can be achieved continuously and
accurately over the entire flow rate range rangi ng
«froma mninumflow of 5 SCCMto a maxi num fl ow of

3100 SCCM by enploying different pressure type flow
controllers, such as by (14) . enploying one pressure
type flow controller FCS(A) with a rated flow rate of
100 SCCM as the pressure type flow controller for a
small flow quantity, and by i ng_ anot her
grployinaone pressyre fyrediaw mt@ller%é) wiih awraied flew mte0h 100
rate of 3000 SCCM as the pressure type f

SEFM @S| the aressute| type) ow| eantrglierfor ta smaﬂélowsﬂuwm rad by

detai]ls of the afore-nentioned &ressurew%pe flow
emRioying  another emesspre g fipesofrolisrd(R(B) withaviatedflaw e of

skilled in the art. Therefore, detailed explanations

3QOMSECH ap the prassureyre flowwopteller fon @ jarge-fioy Quantity. The
FCS(B) are omtted. [0030] The inside capacity of the
st hé?taﬂ%ﬁéﬁlepﬁetee@gnmmamremﬂomoonmuers FCS(A)
liters, and the chanber E is continuously evacuated
and 66S(Brate wellHmewn teethose skilleddin_the adui quwefqm.t detailed
adJ ust mrent val ve V by nmeans of a vacuum punp VP. .
explanaijons regarding tpresgyiee kype fiaw goatrollers: FQSM\h ae«b FOS4B) are
the inside of the: chanber E is maintained in vacuum
Qnitted- 2' - - 10 2 Torr. [0031] The pressure type flow
controller 4 is enployed for adjusting a flow rate of

[8030)s Tbe ipsigp icapacity®f thesalorameptionsdprocess chamber E is set at

ex'haustmﬂ pe L3), and controls the internal pressure

Yilitersea mﬂmbanmebﬁ is continuaysiy avacuatedsthroughsvacuation lises,
the vacuum punp VP using the supply of the gas Gv. By

-lo@pgdiLyi equippedwith/an adjustmentvalvery byrmeaits efca vacuiunt pump VP
pressure inside chanber E can be reduced and the

' haying@mnsexhaugt capacity of 300 literséminusocthatifhednside of tharchamber E -
al so be

is maintained in vacuum of 10=?~ 10 2 Torr.

[0031] The pressure type flow controller 4 is employed for adjusting a flow rate
of a gas Gv supplied to a vacuum pump VP (or to an exhaust pipe Ls), and
controls the internal pressure of the chamber E by reducing an exhaust
capability of the vacuum pump VP using the supply of the gas Gv. By supplying
gas Gv to vacuum pump VP, affects on the pressure inside chamber E can be
reduced and the responsivity to internal pressure adjustment can be also be
improved. The gas Gv could be same type of gas as supply gas Gs or it could
be a different type of gas (e.g., an inactive gas).

[0032] A stainless steel pipe with an external diameter of 6.35mm¢ and an
internal diameter of 4.35mm ¢, a stainless steel pipe with an external diameter

of 60.5mm ¢ and an intemnal diameter of 54.9mm ¢, and a stainless steel pipe
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i nproved. The gas Gv could be sane type of gas as
supply gas Gs or it could be a different type of gas
(e.g., an inactive gas). [0032] A stainless steel pipe
with an external diameter of 6.35mm 0 and an i nternal
di ameter of 4.35mMm 0, a stainless steel pipe wth an
external dianeter of 60.5mm 0 and an internal
di aneter of 54.9nm 4) , and a stainless steel pipe
(16) with an external dianeter of 28mm 0 and an
witht @ externiil adiameter aff 28fn¢ @nd are indernal didnyeter ob 2dewals ,
for the afore-nentioned gas supply pipe Li, exhaust
resippetively? assuseskion the aforgamentiongdogesagupphepipe L1, exhaust pipe
af ore-nmentioned controller 1 conprises an i nput
Lsand exlipustpipellsa (a flow rate % setting nechani sm,
No. 1l and No. 2 signal conversion parts Ib and | ¢, and
[0938Dbnibhe iafove-nuantiored comtrglier I dothpriéesl agiinput selting paat ta (a
(%9 to the rated maxinmumflow rate is set by the
flown jpate % esettinggnechanisin)aNpi1 and Na.Z signalrconeersiont partg 1b and
mechanism. Also, the relationship between pressure P
1¢, reridds coimpatison éoreattion paftl 1y rAadesieddiowgeate (%)t the rated
the chanber E, in the event that the vacuum punp VP
maginum fiowurates isysetrisy ther inplitl settinge part cid (iued e flowaalef Setting
conditions, is known- beforehand as expl ained | ater;
mécharistn))glAlso, itive retatiinshipl betgeert pessure Pinsidenchiatiwber E and
chanber-E,:first, a- gas supply quantity Q required
a flow rates € ofpgassfiowed fito thes cliembéraBpiarthé eventithat the velium
with reference to table val ues previously obtained,
pumipl VFigncontinlowsly ahé nrmallyt operatedl ursler specified oontitianst, ds
the gas supply quantity Qrequired, is inputted to

; kriowd- beforshandtds explained Idter. [ACOSHdinghp fori éontralling , presetire P. -

i nput setting part | ais equipped with a flowrate %

- inSigé tchatbeE ENAifst sangasisupply quamtiyeQequirst for a set pressiire P
flowrate Q corresponding to a set pressure P, is

in??ﬁ;\/@ﬂhﬁ%r b ish@etbiived alith (réferéricet ke talslé abalwesx ipraviously
obtained, and then a flow rate % setting value, comresponding to the gas supply
quantity Q required, is inputted to the input setting part 1a.

[0034] Specifically, the input setting part 1a is equipped with a flow rate %
setting mechanism, which is made so that a required flow rate Q, corresponding
to a set pressure P, is expressed by the flow rate (%) to the total maximum flow
rate of both pressure type flow controllers FCS(A) and FCS(B). The input
setting part 1a is also equipped with rising rate setting mechanisms 1a’ and 1a”
for initiating control signals 1e and 1f for both pressure type flow controllers
FCS(A) and FCS(B). A flow rate Qs of a process gas Gs required to control a

pressure P inside the process chamber E to a set value of pressure is set by a

flow rate % setting mechanism of the input setting part 1a.
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rate of both pressure type flow controllers FCS(A) and
FCS(B). The input setting part la is also equipped
.Wth rising rate setting nechanisns la' and l1la" for
initiating control signals le and If for both pressure
type flow controllers FCS(A) and FCS(B). A flow rate
(s of a process gas Gs required to control a pressure
P inside the process chanber E to a set val ue of :
&Qgssure IS set a flowrate %setti n% nmechani sm o
o] nfRprewate Pﬂ@ Rygssure type flaw roplaeliess F §(Abem<bF§S(B) by
bot h pressure type flow controllers ECS(A) and FCS(B)
fﬁﬂ'"% étﬂPerQteaatfqu\B'Yeél rateywithin fheyrange from theminimumy rate
range fromthe mninumflowrate of 0%to the maxi num
¢f| Q% todhe reaxinnaofiow Fate of 10P%. tae gaatrol signah gsingtrate setting
setting nechanisns la' and la" of the input setting
meshaniss daandota’af the)jnput settieg pae i1ﬁg§un¢tlané@ agjust the rising
control signals le (le') and I|f f) applied to
B 6 PRl agnalsde Clont rand 4f (HOpppliodia Preskap Wae flow
both small and large flow quantities, respectively.
qapiroliers HEISEA) i and H%?&‘e(% riortbeth amglhsand; larges flpw quantities,
a set flow rate of 50 SCCM (an input set val ue of
respectivelya nfor exemple; in ithe eventdhata gas Gsiis suppliedsat epsedlow
SCCM (an |n ut set value of 64.516%, the operation of
ratecof t{ﬂ%@@ @anttppet gt value i 1:613%)randdibens ingreased e aiflow
flow guantlt is joined by operation of the pressure
ratppefl 2000 o wCEMt(anl meut setoyalye fof r64.51656), fthe operationi of, the
-.-In other words, ;low flowquantity (e.g., 50
mwe Yype ﬂOWh@ormoues LEIC‘@(AW@ al small dowt quﬁnt@ is-gsiped by
is -in operation: However, at high flow quantity
operagion of teopressiaritypgifiow opmrqller ECS(B) for largaflow quantity. -
t he operation of both pressure type flow controllers
- otfes(words.net IpeSiow-quantity (@gt, F0sSEGM)ainly the: pressyrertype flow
of the pressure type flow controllers FCS(A) and
cpuispliey FGS(A) ds imopemation:s sdoweves, atnbigh flownguantily (e.gs 2000
adj ustnments (approximately 30 seconds in flow rate
SCCM) gas supply facility A switches to the operation of both pressure type

flow controllers FCS(A) and FCS(B). Due fo this switch in the operation of the
pressure type flow controllers FCS(A) and FCS(B), it becomes necessary to
make some lag time adjustments (approximately 30 seconds in flow rate
changes of 0—100%) for the pressure type flow controller FCS(B) for a large
quantity to reach 1900 SCCM from a flow rate of 0. Thus, the rising rate of
control input signal 1f to FCS(B) needs to be adjusted when the pressure type
flow controller FCS(B) switches into operation at higher flow quantitites.

[0036] The No.1 signal conversion part 1b is for outputting control signals 1e
and 1f corresponding to a flow rate % setting input compatible with a sét

pressure P. The No. 1 signal conversion part 1b outputs control signals 1e and
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changes of 0-3100% for the pressure type flow
controller FCS(B) for a large quantity to reach 1900
*SCCM froma flow rate of 0. Thus, the rising rate of
control input signal If to FCS(B) needs to be adjusted
when the pressure type flow controller FCS(B)
swtches into operation at higher flow quantitates.
[ 0036] The No.1 signal conversion part Ib is for
outputting control signals le and If corresponding to
f o] bath maessuse typet flavy conlpellers 5@54A) and RGS(B).a Isea particular
pressure P. The No. 1 signal conversion part 1b
embediment @ranyol sigaal af thel pressire typerflow conteolles FIES(A), which
pressure type flow controllers FCS(A) and FCS(B). In a
has-a magimum flewisateiofd 00 SGCM.cand atontial sighalasf thenpressure type

ressure type flow controller FCS(A), which has a
&mmntmller bGS(B) whish hesta segimum flowaraterof 3¢00 SCHMlarefset
the pressure type flow controller FCS(B), which has a

tr@nalueneffQVo(0 SGEM) e 5VEIINOSGCHYjand te avalue of OVAO\ST QM) o5V
ov (0 sCCM - 5V(100 SCCM and to a value of OV (O
(S0NSCCN) regmativelsCAVd, hoils peassikectype flawd contoallers FCS(A)
pressure type flow controllers FCS(A) and FCS(B)
andcECSB)deceive Icopirgnsignals decandl 11, respectivaly,i whitly combsmdind
correspond wth control fllowrates Q and Q, after
vithrontrbl finvgratesQ1 and\Q, after eomtrol signalsdi@ dndothare imputtisal from
signal conversion part 1 b to a conparison part | d as
teenNour1 signaFicgoversian paftdd®3da congahlison pars 1 d asishownweFigurni.
part 1 c is for converting a detection signal 1 p
[0037] oiTheNp. 2 signal cenvearsioatpart 1is fombonviertingsa deteetioresignal
pressure P inside the chanber E, to a flowrate

“1pdram dhe prepsate dategtor.' 2, Whicle hay detested & pressare Fsingidal the
1 gis then inputted to the conparison correction

" chamberlE do & fiodsite Eonttdhsignal 1. “Thergnvérted-flowrate signal 1g is
correction part 1d, set flowrate control signals le
tremdinpitteaito(the temipénisom ddmection parsidnal conversion part.

| b are contrasted wwth the flowrate signal Ig
[0038Er Furteeimore, using thelcompakison eomecion part 1d, set flow rate
control signals 1e and 1f outputted from the No.1 signal conversion part 1b are
contrasted with the flow rate signal 1g determined, using a value of pressure
detected (i.e., pressure detection signal 1p), using the No. 2 signal conversion
part 1c. When the flow rate control signal 1g, computed using the pressure
- detection signal 1p from a pressure detector 2, is larger than the set flow rate
control signals 1e and 1f (that is, pressure P inside the chamber E is on the plus
side of the set pressure which makes the degree of vacuum in the chamber low
due to the large supply flow rate Q of gas), the control signals 1e and 1f are

corrected toward the direction of signal reduction, thus the supply flow rate Q is

adjusted toward the direction of reduction of flow. Conversely, when the flow
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detected (i.e., pressure detection signal | p), using
the No. 2 signal conversion part 1c. Wen the flow
‘rate control signal 1g, conputed using the pressure
detection signal | p froma pressure detector 2, is
| arger than the set flowrate control signals le and
1f (that is, pressure P inside the chanber Eis on the
plus side of the set pressure which nakes the degree
of vacuumin the chanber low due to the |arge supply
fater wonteal sigpabflggaspmputesl, wsingr e pregsuse detection signal peis
corrected toward the direction of signal reduction,
smaller than the spt flow ratevceniral signals 1eaand Hi(that iso peasgure2 inside
direction of reduction of flow Conversely, when the
dhiaower E1i8 Jonrthe enious side|of Sheyset|pressure whishpnakes theglegepe of
the pressure detection signal 1p, is smaller than the
\aeuuril ithe ghambenhigbl dusi tgran insufficienhsupply flowarete @, of gas),
pressure P inside chanber E is on the mnus side of
dontroksignals desandet frdrecdomestedowhrd theglitastion of signalincrease,
t he chanber high due to an insufficient supply flow
thug the@upplydiaw) rate Qds adjusteditowarnddheé directivndf ingreasing flow.
corrected toward the direction of signal increase,
[0089] tihaceondahge Withvthegtreseptiisvantions ae shownandFigure 1, the
direction of increasing flow [0039] In accordance
prédsiure detectionssignal i1 pyeortasponding tosthe\pnessurd-ingidechambehk as
pressure detection signal 1 p, corresponding to the
deteztexlwith itihhes pressoteadétectoE 2a s uske as addedback signal to correct
pressure detector 2, is used as a feedback signal to
flowr rate tconfrblogignals elec and rifl that greabstputtediitol préssunettype fow
outputted to pressure type flow controllers FCS(A)
cantiolleBSFBS(A) ahd RGS(B).men rthis,mamnerccdreattecb oontedl signals 1e’ .
signals |le'" and 1f" are inputted to the pressure
. ahyl piF- dredinputtet tootheepressttS tyhe: flowl corinfiiers FOB(A) ahd GEAS(B),
pressure P inside chanber E to be constantly and
tiusc dliowing \pressuiré tRuinside shamber Ecto belaoastantly \and| accurately
mani festing high responsivity as well. [0040] Figure
nintained Gt they sstvaluewindavhileanarsifestinghigh irgsponsivty as wvelll ow
rate input setting (%9, and control signals 1le and If
[0040) | ERrd2 iva diagrsm showingithé Fetationship between a flow rate input

setting (%), and control signals 1e and 1f provided by and measured at the input
setting part 1a of the controller 1. As shown in Figure 1, control signals 1e and
1f that have originated from the flow rate inputting setting part 1a are then
transmitted by the No. 1 signal conversion part 1b. In Figure 2, curve L and
curve H illustrate control signal 1e of the pressure type flow controller FCS(A) for
small flow quantity (100 SCCM) and control signal 1f of the pressure type flow
controller FCS(B) for large flow quantity (3000 SCCM), respectively. For
example, when a set flow rate is 50 SCCM (a set flow rate %=50/3100=1.613%),
only the controller FCS(A) is operated or actuated, and the input signal
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setting part la of the controller 1. As shown In

Figure 1, control signals le and |f that have
originated fromthe flow rate inputting setting part

is are then transnmitted by the No. 1 signal

conversion part 1b. In Figure 2, curve L and curve H
illustrate control signal | e of the pressure type
flow controller FCS(A) for small flow quantity (100
SCCM and control signal If of the pressure type flow
1esbVxE0/1 00=2-6\5{Bnphited todthg controlier ditii{A).t \Signdady wheany set
respectively. For exanple, when a set flowrate is 50
fise0te is 2000 SCOM (anset fimscata YrPO00EB000F64.53%i)ythernentroller
controller FCS(A) is operated or actuated, and the
RG8(A) ostipytsaa figwl tite of LOGSLEM witlh b fiow rate seifing pad %<100%,
the controller FCS(A). Simlarly, when a set flow
andttbe icont26l0SigrisCaRE=5x 108/ 100=5V is anputted to the controller FCS(A),
%2000/ 3000=64.52% , the controller FCS(A) outputs a
while the edmtraller ECS(B)Gstitputs taflovineaté ob 400G SECM taridnip respanse
%=100% and the control signal 1 e=5Vx100/100=5V is

to meceiving coatrohsignalintf=5Vk t900F3DB0AB, 17VininpLited e the controller
controller FCS(B) outputs a flow rate of 1900 SCCM
F@8¢B).n response to receiving control signal

1f =5Vx1900/ 3000=3. 17V inputted to the controller

[003%] BFigur® 34shiowsi the relatiorsdhipnbetweenralibtied costndlflowctatesQ1
allotted control flowrates QL and 2 of pressure

ahy |G dof Ippessucen typel flow sorficBérm) FEB(A) rebd( BPS(B)erspectively, and
and the total supply flowrate Qto chanber E using
thehtetal supply fiow paty G tacchaniber B using/thefluid supglyrfacility Adshown in
shown in Figure 3, for a total flowrate Q that

- Figuré2r10A6 3howatin FigureByfor bdofalClgviratec thatlis @=106/3i 1set % -
operation. This case occurs whenever- Q=4ess than 100
© ofi@hée FOS(Aheonttdller ishiaperdtion. aThistcake occurs wlenetert Qadess .
IS Q3000/97 set %700/97SCCM both FCS(A) and FCS(B)
thaANO0BCEMs Drethi btivgrdiand) fona tothl fisw rate Quthat isiQx+8006/97 -
Q=npbre than 100 SCCM

set %+700/97SCCM both FCS(A) and FCS(B) controllers are in operation, which

occurs whenever Q=more than 100 SCCM.

[0042] Figures 4 (a) to (c) show experimental data explaining the need for the
control signal rising rate setting mechanism 1a” of the input setting part 1a.
Figures 4 (a) to (c) also show the relation of followability between the state of
application of flow rate control signals 1e and 1f and pressure P of the chamber
E (i.e., corresponding to a control flow rate Q) when total flow rate is increased
from 0% (0 SCCM) to 100% (3100 SCCM) by operating both FCS(A) and
FCS(B) controllers as required. In accordance with this experiment, the
exhaust system of chamber E is set to a state of full operation (i.e., an

adjustment valve V is in a full-open state and vacuum pump VP is continuously
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[0042] Figures 4 (a) to (c) show experinental data
explaining the need for the control signal rising
.rate setting nmechanisml| a" of the input setting part
| a. Figures 4 (a) to (c) also show the relation of
followability between the state of application of
flow rate control signals le and If and pressure P of
the chanmber E (i.e., corresponding to a control flow
rate when total flowrate is increased from 0% (0
aperRfedat its fibsarae)- sccm) by operating both FCS(A) and
FCS(B) controllers as required. In accordance with .
10973] oRpesifically: Figuree4 (@) rarhicallysshawsothe: slate ©f ohapges in
set to a state of full operation (i,e., an_  adjustnent
Rigssre\r pka chamber f in thesasswhease shaintensity of 8 sefiingrsignal to
continuously (20) operated at its full capacity).
thednputt seftieg partdalis nadetechange fram 0% teJ90%: appendmately 60
the state of changes in pressure P of a chanber E in
sacends:s Figirerde(b) a@phicatynshaws the state of ehamnges inypressure P of a
the input setting part 1 a is nmade to change from 0%
shambwo & inrthe ppsewhere: the jntensitynf aselting signal te the ippyt setting
graphically shows the state of changes in pressure P
Rart da ig fo ehange fremc@%etani@0% inhappraximadely \30oseconds.
setting signal to the input setting part | a is nade
husthen drigire4 (ohgoephically bows the giate of changes iBpressusnBof a
Further, Figure 4 (c) graphically shows the state of
chabge £ in thereaseswherefthe intensity iof aisetting signal tethednput setting
where the intensity of a setting signal to the input
padt ta iggnadedoichange insstepdiks instantanegus fashionep- | i ke
i nst ant aneous fashion. [0044] From Figure 4 (a) and
[0044])r &ram(Rigyre 4 (a)ianddkigwast (Bt #ds demonstrated that lacsb-called -
pressure control" is perfectly. achieved in the state
“Messwenconteol’'sisr perfectly - achinvedein thec state whenainypressure P of
increases in a nmanner nearly proportional to a flow
- chamber E continupusly(igEFeases in a manner nearly proportional fo a flow rate -

setting % (SET).

[0045] From Figure 4 (c), however, it is found that pressure P of chamber E
(which depends on a supply flow rate Q to chamber E) is not able to change in
step-like fashion in response to step changes made of the flow rate setting %
(SET), thus demonstrating that it is impossible for control of pressure P of a
chamber E to follow instantaneous SET step changes for approximately 20
seconds. In other words, while step changes of control signal 1c (or flow rate
Q1) and of control signal 1d (or flow rate Qz2) may be made instantaneously, the
control of pressure P of chamber E cannot follow instantaneously but must lag

behind for a period of time during operation of gas supply facility A of Figure 1.
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[0045] From Figure 4 (c), however, it is found that
pressure P of chanmber E (which depends on a supply
flowrate Qto chanber E) is not able to change in
step-like fashion in response to step changes made of
the flowrate setting % (SET), thus denonstrating
that it is inpossible for control of pressure P of a
chanber E to follow instantaneous SET step changes for
approximately 20 seconds. In other words, while step
ThbSegond I liverkinbediment 1c (or flowrate QL) and of
control signal | d (or flowrate ) nay be nade
[0046] aRigurecb issa diagram to show adelationshipbeiween petlow reigrBad
E cannot follow instantaneously but nust lag behind
flowrate quiputdnl thef sedond nondimiting gmbadiment far ayfigd supply facility
facility A of Figure 1. (21) The Second Il lustrative
agedrdiog te the presergt]inveingjon.dnsaccerdance with dhe secanidsambodiment,
rel ati onship between set flowrate and flowrate
theu fipidt supply Hacility ccortespondingntot they geaploshownt inf Figuse 5 is
fluid supply facility according to the present
consirintedoto. includac: preksuce typiet flow leontrellers FGBAQJIFEGE(R), and
the fluid supply facility corresponding to the graph
FEB(@)with rateguflaw Faies ofc 106 iISGLM 3000 SCCMuad 5000 SCCM,
pressure type flow controllers FCS(A), FCS(B) and
reéspétivelyni Whenathese fthrees prassese dypelfidw s6aludllets @de 86ployed,
and 5000 SCCM respectively, Wien these three
aqnueate flow dopfrel dvep the wider oweate rangescofid 8CEM to atXLSECM
flow control over the wider flow rate ranges of 5 SCCM
istagchi8¥édl SCCM is achieved. [0047] -From Figure 5, flow
rate characteristics -of the pressure type flow .
[0047nt Froinh eFigureCxy( fiow  1aesS(cRprantatisiGS(OF) the rpressurei typé \flow -
are shown by curve L for 100 SCCM curve H for 3000
" .contiobrs HCE (Y, RCS(B) adfRECS @) Oespestively, &pei shown Isyueyrve L for
flowrate to the chanber E. In other words, when the
100uSECM, fcunns IH dbe3@D0 SCCM, and by curve M for 5000 SCCM.. Qis a -

supply flow rate to the chamber E. In other words, when the supply flow rate Q
is less than 100 to 3100 SCCM, the flow rate Q is determined by the formula:

Q=(3100—100)/(40—1) * (SET%—1)+100

=(3000/39) + SET%+(900/39).

When the supply flow rate Q is 3100 to 8100 SCCM, the flow rate Q is
determined by the formula:

Q=(5000/60) - SET% —(14000/60).
[0048] For both the first embodiment of Figure 1 and the second embodiment
corresponding to Figure 5, it is assumed that the supply gas Gs is of one kind of
gas. However, when more than 2 types of supply gas Gsi, Gsz ...., are

employed, the same number of gas supply facilities A, wherein each gas supply
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is less than 100 to 3100 SCCM the flowrate Qis
determ ned by the fornmula: Q=(3100-100)/(40-1)

" (SET% 1) +100 =(3000/39) SET%-(900/39). Wen the
supply flowrate Qis 3100 to 8100 SCCM the flow rate
Qis determned by the fornmula: Q=(5000/60)
SET% ( 14000/ 60). [0048] For both the first enbodi nent
of Figure 1 and the second enbodi nent corresponding

to Figure 5 it is assuned that the su as Gs, is
farilitynis consirugted gbgccqreawewnhménf rﬁb.e@ﬂlq#sae@ R sgcond
of suppl as Gsi, G2 ...., yed, the sane
qm mee¥ géﬁae é"d{?BF‘?"-fﬁ%ltW tnuabeA ofvm@?rsnh gag ypgmgan be

g &gf acility is constructed in_accordance

pvided frpera ﬁSéh%mrh%avreaﬁad 13 i AEmbOgimar & BMiching vaive
the i nvention, as the nunber of different gas types

& i prvideg. fori each onpe ﬁﬁrﬂéﬁ Pliraliy of ianmnsynply-fapiities ). | Fach

this enbodinent, a switching valve_ 5 is provided faor
swilshingrvalver mayebeyindependaptly iswitshed foroReration, ithys allowing a
Each sw tching val ve may be independently sw tched
Rlyrality of diffarent, smwnlysgﬁesdwmgswphﬁ in any desiggd epmbipation to
sup |y gases to be supplied in any desired conbi nation
armberdhanber E. [0049] In accordance with the first
errbodl ment and second enbodi nent of the present
[00483 nin ecordanceswitipthe figstonbodient@ind second embodiment of the
non-m xed nature. However, it is within the scope of

Presenp inysatian, ithe, supply 0as &s, onGss 3As ip/age of anongpixed nature.
, supply gases Gsi, Gs2, etc., to be a m xed gas or

Heweyer, itds withinithe scepexafthe present invertion for e supphtepsc@s, or
(Wth an arbitrarily selected ratio). [0050] Next,

.supply gases Gsi, Gszeelcnt@be almixed gos oe gasiescfor grample, the
n::br(]tﬁpeb gfrAr and CF4 (with an arbitrarily selected ratio).

[0050] Next, operation of the internal pressure controller of a chamber,
according to the present invention, will be explained as follows. Referring to
Figure 1, a nonimiting illustrative example may have chamber E including an
inside capacity of 11 liters, and the evacuation system of chamber E comprises
an adjustment valve V, a vacuum pump VP, a pipe L2 and a pipe L3. The
vacuum pump VP, for example, may have an exhaust volume of 300 liters/min.
[0051] The internal pressure controller of the present invention is madg so that
pressure P inside chamber E is controlled to a specified process pressure by
finely adjusting the flow rate Q of the gas supplied into the chamber E
continuously using a vacuum pump VP having a certain exhaust capacity. In

this way a specified process pressure is controlled to remain at approximately 10

~2 10102 Tom.
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according to the present invention, will be expl ained
as follows. Referring to Figure 1, a non-limting
~sillustrative exanple may have chanber E including an

i nside capacity of 11 liters, and the evacuation
system of chanber E conprises an adjustnent valve V,

a vacuum punp VP, a pipe L2 and a pipe L3. The vacuum
punp VP, for exanpl e, nay have an exhaust vol une of
The int

0
it} ot veBirince, By Elgtue | BatiBy B, an BisiBeayaive.Y is fully
ress e < 'nSl @%h@@sr@%ﬁssggggf3f\é§?mt'ﬁ@ sysiem to a
f | t f th d to th h
E'aﬁfvnvflhﬁ a?ngquwecﬂﬁm Tigar YD anesston ay?w@at%'@embsr Etoa

xhaus LN S wa eC|f|ed rocess
Fqree 8%14 ag P%ffh'%w"F e eY%EUﬁt' acyupuUmp
23 0052] Wth reference to Figure 1
\o’\éa. 'ﬂe 'P%I" @u‘ﬁ &%OE pPly g9ase i\ detemiped for @ﬁ@ﬁté'ag a
to keep_r.esi ta,nce off the fl oqw passage of the
DESSUTaL P JlY EJeRBE tooihg PRESHATIN tie dRECtaristo A the

‘ygejﬂﬁ%%ger ted to evacuate chanber E to a deg

@?ﬁﬁﬂ\% %%uaf%snsm“ whieh has baer Qﬁf&émt“?d daefqrﬁband
vacuum un&u Next, the flowrate Q of the SU['J:P
35Shown i FiguFe F{edThsrrelams@m hetweenptemal sessupg P and the
refe(rji ng to the pressure-flow rate characteristic
upplyefiay Tatehaschpamievicush dalarprasesseshand stargd i e memory
whi ch has been determ ned beforehand as shown in
qu{?&re 7. The relationship between internal pressure P

and the supply flow rate has been previously
QQMYam gasosunply facilityrAnig raperated ite supplydhsflow .

- Subsequently the gas supply facility Ais operated
quantily (otia gas Gs required tgraecute theset pragaiired fordhe chamberdeE.

-secure the set pressure. P for the chanber E.

The range of internal pressure adjustment for the chamber E using the supply of

gas Gs can be changed by adjusting the degree of opening of the adjustment
valve V under conditions such that the exhaust capacity of the vacuum pump VP
is kept constant. As described later, in the case where the internal pressure of
the chamber is to be raised (i.e., corresponding to a low degree of vacuum), the
opening of the adjustment valve V is adjusted to make it small in order to
increase resistance of the pipe passage of the evacuation system. On the
other hand, when the internal pressure of the chamber E is to be lowered (i.e.,
corresponding to a high degree of vacuum), the adjustment valve V is adjusted
so as to be fully opened.

[0054] Figure 7 is a diagram graphically showing the relationship between the

supply flow rate Q to the chamber E and the intemal pressure P of the chamber
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The range of internal pressure adjustnent for the
chanber E using the supply of gas Gs can be changed
~by adjusting the degree of opening of the adjustnent

val ve V under conditions such that the exhaust

capacity of the vacuum punp VP is kept constant. As
described later, in the case where the internal

pressure of the chanber is to be raised (i.e.,
corresponding to a | ow degree of vacuum), the opening
&fintthe eebjodimendrdf theinvention shawiy irs Figdre ¢. niigare ¥ showkIthe
in order to increase resistance of the pipe passage
pffesstre-flowa cate t chanacteristiesnat Ghe ttimee  whiehethe haacdumvwpamp tVie is
internal pressure of the chanber Eis to be | owered

Operated continnasshoatiitseating, andthghadjesiment vdiver ¥ds plcedtih ¢he
adj ustnent valve Vis adjusted so as to be fully

staten efl maXiior ofinginineund openingdi Bpesificgliya unea Al in Figure 7
showi ng the rel ati onship between the supply flow rate

d2rmonstiates tiveripressurerfiow! fate ichafacteristips €or e drmbsidimenst of
chanmber (24) E in the enbodi nent of the invention

Bigoren1 ioperatgtirat the tiniegwhen the laoljustinént valvee ¥Sisr épdnedWto its
rate characteristics at the tinme when the vacuum punp

faaxinim. o [Gureé Bdn Figuré 7shows thel preisbre-fitiw rate cleardctetistics for
adj ustnent valve Vis placed in the state of nmaxi mum

the saimel arbodiment ofd-igdreer; ibut aethb\time Whee tife adjustivient valve V
denonstrates the pressure flow rate characteristics

i$ penbd BT dhimimumof Curved) G dlenchstafisethedprds8arelfiow rate
when the adjustnent valve V is opened to its maxi hum

dhdracteristics fori gnllatbiffafhevrducmcd ' STSthe évatlation’ 8ystem, which
characteristics for the sane enbodi nent of Figure 1,

&y betadjusted toReale the Aibitiily PRocERS coNditioi® (1Y aridSthesoeshs

toits mninmum Curve C denpbnstrates the pressure-flow

condition (F)ans§i8é of ¢Hdmiser €. or . an .ar bitrary conductance of
the evacuati on system which nay be adjusted to

[@ﬁ Iegg apparéstordm Fiyurk' ROk 8 ehambeér € landotiié dohmected
eSacuation system as shown in Figure 1, the gas supply flow rate Q to chamber
E may be controlled at 5 to 3100 SCCM, and by appropriately adjusting the
conductance of the evacuation system, it is possible to adjust pressure inside
chamber E over the flow rate/pressure range bordered with numbers
(1)-(4)-(5)-(3)(2)-(7)-(6) shown in Figure 7, which comresponds to pressure
changes to over 10 * Torr to 0.8x10~!  Torr.

[0056] Needless to say, by changing the constitution of the evacuation system
(i.e., the conductance of the evacuation system, the evacuation capacity of the
vacuum pump VP, and the like) and by changing the flow rate control range of

the fluid supply facility A, the adjustment range of the flow rate/pressure curve

shown in Figure 7 can be changed. Accordingly, it becomes possible that the
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condition (2) inside of chanber E. - . . | [0055] 'As
apparent from Figure 7, using the chanber E and the
‘connected evacuation systemas shown in Figure 1,

the gas supply flowrate Qto chanber E may be
controlled at 5 to 3100 SCCM and by appropriately

adj usting the conductance of the evacuation system

it is possible to adjust pressure inside chanber E
over the flow rate/pressure range bordered with

flowrtate sandel of the fluidcsuppdy facllify A7and Be evasuatiomcapagity of the
7, which corresponds to pressure changes to over 10 1
vEcoum: putps YD -canTbe r apgropridiely Nelwsiea s depanding ,onb gonditions
changi ng the constitution of the evacuation system
requiesd farithe quochsstchaobenfE.t By supplying iaogass Gt tonthet vesuum
evacuation capacity of the vacuum punp VP, and the
punige VPajod ahyexhbastcpipe Ls)thrdughva peessuredype ibwrcondrellerf4, as
the fluid supply facility A, the adjustnent range of
shownf inoFigart ¢/ {b rabsts beeomes peossible dormaintdin pressure insidebthe
changed. Accordingly, it becones possible that the
précess\eHdmberr Btat a apeeified préssuré wahliesby @djusting i the t gxhaust
and the evacuation capacity of the vacuum punp VP,

capability of th vaouumi surip R0 s Forthlemmoneli usingothe apntsbdirmentsshown
requi red for the process chanber E. By supplying a gas

iFigure t hwhea pressuradinside\tRe (chamber Eb meittainedeartidnd 1072 to
through a pressure type flow controller 4, as shown

10r? ForgLit & possibile ad further contd! thesprebsute tinsid@ ioh ichamber E to
pressure inside the process chanber E at a specified

apﬁﬂﬁ(ﬁﬁétely\ffd‘@@o hg-Bdifers biy @Bahdifg the o Fate comwélirange obthe
t he vacuum punp VP. Furthernore, using the enbodi nent

nsdhnibter AnditBe! fRIdL supplg Tadllitp SR.UTIA other deordd)dt & poseibleRo .
is mai ntained around 10-2 to 10 2 Torr, it is

?ﬁiﬂgﬁ"?ﬁg‘? gfsid’etdf%amf Elowr® dpprodmatly 16748 10F° Torr
by operating the manometer and the fluid supply facility A at their lower flow rate
ranges.

[0057] It is noted that, with respect to semiconductor manufacturing facilities,
the pressure control range is normally set at 1072 to 10 * Torr, and the flow rate
control range Q is normally set at 3 SCCM to 5000 SCCM. Inactive gases,
such as He, Ar and the like or gases mixed therewith, are used as gases Gv

supplied into the vacuum pump VP for pressure adjustments.

Feasibility of Industrial Use

[0058] The present invention is adaptable for use for providing a supply flow
rate control of a gas to a process chamber, or for controlling pressure inside a

process chamber and the like, within semiconductor manufacturing facilities.
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approximately 10-2 to 10-6 Torr by changing the flow
rate control range of the mnanoneter and the fluid
supply facility A. - In other words, it is possible to
control pressure inside of chanber E down to
approximately 10-2 to 10'6 Torr by operating the
manoneter and the fluid supply facility A at their

|l ower flowrate ranges. [0057] It is noted that, with
respect to sem conductor manufacturing facilities,

the pressure control range is normally set at 10-2 to
10" Torr, and the flowrate control range Qis
normal ly set at 3 SCCMto 5000 SCCM | nactive gases,
such as He, Ar and the |like or gases m xed therew th,
are used as gases Gv supplied into the vacuum punp VP
for pressure adjustnents. Feasibility of Industria

Use [0058] The present invention is adaptable for use
for providing a supply flow rate control of a gas to
a process chanber, or for controlling pressure inside
a process chanber and the like, within sem conductor
manufacturing facilities. (26) ~y X27/ 28 WHAT IS
CLAIMED IS: 1. An international pressure controller of
a chanber characterized by that it is so constituted
that, with an internal pressure controller of a
chanber having a supply gas input part, a supply gas
out put part, a gas flow rate control part arranged

bet ween the said gas input part and gas output part,
and a neans to transmt the data on the pressure of a
chanber, whereto the afore-nentioned supply gas is

@7)



outputted, to the afore-nentioned gas flow rate
control part, the afore-nentioned gas flowrate
control part is equipped with a plurality of pressure
type flowrate controllers connected in parallel, and
a signal controller to control the operation of the
af ore-nmenti oned plural nunbeB8of pressure type flow
controllers, the afore- nmentioned pressure type flow
contr C ises an orifice, a pressure detector
probyﬁétﬁéﬁLgﬁgﬁb stream side of an orifice, a contro
val ve provided on the upstreamside of the pressure

deye %rﬁﬁﬁrrﬁﬁgnég!pf%g?reeﬁ%gﬂ%e?w QBhé?ﬁﬁHrrcg%ra??ﬁied b){ thatQitS is 50

wher ew t wth the s ow rdte

| s cOHstiRtidltRat, m’ﬂ Egﬁwté’rﬁar assURIEdnBoRs o?gr&haﬂbew@v@ @Supply

a driving signha y conputing the gas flow rate

Pagsad MPu B&rﬂ%ggu;gﬂy g4d butpht pard,ha ?5@?5# r8teFoontt6l B4t @ftanged
b et a

y the pressure ector and ormul a Qc=KP, (where

K bétwBedthéeiaidcaddshgitiphit ah8 gas BBiUNEare aRd @SAGHMS tb YraAsmit the
flow controller to be used under a state wherein

Pr §8 Wheth& présBurdPofiy ahdiftsbrWhérelo B aferBmientibn@t slipply2gas is
times of pressure P2 on the downstream side of an

of dutpittedatacthataforé-ienianed ddsow ek targrob part, ahe afote-mentioned
af ore-nenti oned plural nunber of pressure type flow

COogds! flow eite cbitrdd Pant i€ eqlipped @ith aplurality 26 lpyessaret typd flokeate
gas flowrate range I ess than 10% of the maxi mum fl ow

r adontrbiierd eormiepied iire farkitel canehensipral cortrallento dohtrolthereperation of
time, the remaining pressure type flow controllers to
bethermdfiere-qmentiondd plusal AAmbeo of presswé tife flovo comtoallersothe bfore-
gas flow rate range, and the afore-nentioned data on
prresntioned pfessire typedfdwecondrotierf aachpliseskarn orifichea pressure detector
af ore-nentioned signal controller to control the
opevidedan dhe tupetrganursidel ofy anforifices & goetral yalyef provided on the
controllers, and at the sane tine, to conpare and

c ipstream csidet pblthes prpsaure detedier, tandnalse @ eempuatiane control part
af ore- nentioned pressure type flow controll ers based
onwherewithalhg diffelensacQy with shepset flomweratauRe ig putguttadhto the afore-

control the gas flowrate to the afore-nentioned gas
ouRgnliongrh eentrol valve as a driving signal by computing the gas flow rate Qc

passing through an orifice with pressure P, detected by the pressure detector and
a formula Qc=KP, (where K is a given constant), thus making a pressure type flow
controller to be used under a state wherein pressure P, is maintained more than

approximately 2 times of pressure P,on the downstream side of an office, and at

the same time, making one of the afore-mentioned plural number of pressure type
flow controllers to be a controller to variably control the gas flow rate range less
than 10% of the maximum flow rate to be supplied to a chamber, and at the same

time, the remaining pressure type flow controllers to be made controllers



2. An internal pressure controller of a chanber as
claimed in aiml wherein it 1is so constituted, that
a signal controller is equipped with an input setting
part to set a gas flowrate to be supplied to a

chanmber, No. | signal convera'gon part to convert an
i nput value to the said input®setting part into a fl ow
rate control signal, No. 2 signal conversion part to

convert a detected pressure inside a chanber to a
flow rate control signal, and a conparison correction
part for flow rate control signals from both signal
C O/ €un&ob10 Hadrirfore@f #ee dgas floantateodantéd) aand Uipe bfpre+olentinmed fdata
a gas into a chanber by transmtting corrected
c onh padssereg #leschambal bret feel hack ssthe @foreypantibhexisignal controller
controllers fromthe afore-nenti oned conpari son
c ota eantroidthe pperatiorSof the pluralityraf grespuredyper fliowcecomtnotidrs eandgt the
a chanmber as clainmed in aiml wherein it 1is so made
t haame time etoscanaparg pad Boract qontrelsignelsdo e draoemitted tateiafore-
parallel, and one is used for controlling a small -
W rrqn%nmdtgremmgypemw eontrolierst based jon theespid fad back data on
controlling a large flow quantity range. 4. An
i NPTEFSHIE SP pe iseantrokibe ga@ﬂq’ve rate)fo tge éfvmnhwdaaa oHtpyt part.
|n Claim1l characterized by that the pressure type

oW range are

é“ﬁ@ﬂ”fteé% '%rségrfg@ovﬁa%r p aecéfrrstgt g8 D] g
%v@%%ﬁ?@*sff"e? 2@*@* 3 SindGicRoldls Fadrtsa Rt byt Hifrgpant to
gg%rt %t i%rf%?v { S ngu%dh%é td %%g@gérquﬁé‘gl Qtﬁwerslon part to
ﬁn@er‘i’?mﬂp% sgué k Pife s%[deim}ni s#l) K% %Ert iffo raeflow rage mnﬁgﬂal

SO asS 10 con Fowrate to

con ﬁ&ﬁl 90 {]ﬂ%%ﬁgfo ooﬁvertg? g*e%g‘gﬁ 'B?éseﬁfe%sﬁgé § chamber to a

' tﬂow) é%oﬁt?&ssﬁ%r{art% ylﬂhﬁgr dsQJ Mte'cﬁéh Bhrt REERGH rﬁe control

type ow contr ers are
signals from both signal conversion parts so as to control the supply volume of a

gas into a chamber by transmitting corrected control signals to all the pressure

type flow controllers from the afore-mentioned comparison correction part.

3. An internal pressure controller of a chamber as claimed in Claim 1 wherein it
is so made that 2 pressure type flow controllers are connected in parallel, and one
is used for controlling a small ﬁg\;ﬁ’quantity range, while the other is used for

controlling a large flow quantity range.

4. An internal pressure controller of a chamber as claimed in Claim 1
characterized by that the pressure type flow controllers for a small flow range are
made to be operated in case that the flow rate is less than 10 % of a maximum

flow rate, while the pressure type flow controllers for



operated starting with a pressure type flow controller
for a smaller flow quantity range in turn by neans of
control signals transmtted froma signal conversion
part of the signal controller. 6. An internal
pressure controller of a cha;ﬂﬁ)er as claimed in Cdaiml
wherein it 1is so nmade that exhaust capability of a
vacuum punp i s adjusted, thus a pressure inside a
process chanber is maintained at a specified pressure
val ue by supplying a gas to a vacuum punp through a
pressure type flow controller separately arranged for
t ha srasllAow pjuaptity rands ahditee laigd flow epantity rangd med headeoth be
a chanmber as clainmed in Caiml wherein it is so
c opératedt atdhé lsarme dinel inraake thab ¢heobfogamesticned flowpate isdl 0% or
to a chanber by installing a plural nunber of
pr e¥sel pba tygdmiirh dlawcrate, isolasdo pntadl the Hlew rdte taibessupplied to a
connected in parallel. 8 An internal pressure
conharotb&rer of a chanber as clained in Caim2 wherein

is so constituted that a rising rate setting
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I'ized by that it is so constituted
that including a chanber exhausted by a vacuum punp

ansl AndAtdrnap F%@é&fe EBAtRSlel\Bes BRamier dRdIiRdd W@Iéﬂﬁ 1 wherein it
supplied while its flowrate being controlled, the

a}‘.@rsarl mtaaé ltl?m@éh gRfaust BRDabIlIESNS VaSu@f LYupiEe i Edijhéiedl thus a
plurality o

pressure inside a process chamber is maintained at a specified pressure value by

—

supplying a gas to a vacuum pump through a pressure type flow controller

separately arranged for the vacuum pump.

7. An internal pressure controller of a chamber as claimed in Claim 1 wherein it
is so constituted that a plural type of gases are supplied to a chamber by installing
a plural number of pressure type flow controllers, at least 4 units, connected in

parallel.

8. An internal pressure controller of a chamber as claimed in Claim 2 wherein it
is so constituted that a rising rate setting mechanism of control signals to further
adjust a rising rate of control signals to be transmitted to pressure type flwo
controllers allotted for all the flow rate ranges is provided with a flow rate

controller, and the said pressure type flow controllers supply the set flow rate of a



pressure type flow controllers connected in paralle
and a signal controller to control the operation of
the afore-nentioned plurality of pressure type flow
controllers conprises an orifice, a pressure detector
on the upstream side of an gﬁifice, a control valve
provi ded on the upstream si d& of the pressure
detector, and also a conputation control part
wherewith the difference Q with the set flow rate (s
Is outputted to a control valve as a driving signal by
conputing the gas flow rate Q passing through an
orgdsi efterwat spepified dapse & tichet fetidvaidg [the ttremsmiss®suofethe afore-
detector and a fornmula Q=KP, (where Kis a constant),
t hoentioakd ponte! gigealsure  type flow controller to be
used under a state wherein pressure P, is naintained
nore than 2 tinmes of pressure P2 on the downstrea

S :c S e'I:‘BF"t%rﬁf‘ﬁ?rf*?ﬁui?sunbﬁ%ma?ﬁm'}%wp% S’Pﬁi"?‘?’ ﬁﬁar:‘ﬁtﬁfé?er‘l’gbyom%t itis
OBl oA B sl B S S5S1 S o e
i TR A ALY 1 e
SRS A REoH BN s o o
AT o085, GRS SSHBBES B e
t nidl o P ESSIA CoRbeEHALbAhES pBERY dr° hBBure tpe fow

mentroned si gnal contro

OQSE@JIIF%nco%prIsQ? an %rlﬁ%égla' ;t)r%sa{re GE@E@V ofi tﬂé/ B?stféam’\%lde of an

ontrollers

CQfificeCla &bl 9 es'pﬂﬁf?aleﬁ otn hQ gtsggé]ﬁ el (a‘dthg‘b %]Jgﬁre defector,

pressure type Yol con base
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flow rate Qc passing through an orifice with pressure P, detected by the pressure
detector and a formula Qc=KP, (where K is a constant), thus making a pressure
type flow controller to be used under a state wherein pressure P, is maintained
more than 2 times of pressure P, on the downstream side of an orifice, and at the
same time, making one of the afore-mentioned plurality of pressure type flow
controllers to be a controller to control the gas flow rate range less than 10% of
the maximum flow rate to be supplied to a chamber, and at the same time, the
remaining pressure type flow controllers to variably control the rest of the flow rate
ranges, and furthermore, the afore-mentioned chamber is provided with a
pressure detector and the detected value of the said pressure detector is fed
back to the afore-mentioned signal controller to control the operation of the

plurality of pressure type flow controllers, and at the same time, to compare and

correct control signals to be transmitted to the pressure type flow controliers
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based on the said fed back data on pressure, and contrl the supply rate of a gas
to a chamber, thus an internal pressure of a chamber being controiled with high

accuracy over the wide range.



