| NTERNAL PRESSURE CONTRCLLER OF CHAMBER AND | NTERNAL
PRESSURE SUBJECT- TO- CONTROL TYPE CHAMBER Fi el d of the
I nvention [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-cal | ed pressure type flow controller” to be

enpl oyed for a p facility to a process
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manuf act uri n facrlltles and the |ike. [0003 ure
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pressure type flow controllers Cl1, 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
Figld of thednvemtionHE] No. 11- 212653 and others). Also, it is
so constituted that, with the afore-nentioned
[093s sliheepreppnt invention dn certdreed with andatemal nosssuse tookfpller
rate passing through an orifice is conputed by a
of eoghamberiand e interpalpressinegsubiret-id-cemtol atyr!@emﬂmbewlhzed
mai ntaining the fluid passing through an orifice Ka
withreespiconguctorgaanufactdiing taedities aed theAikeP2| ar ger t han
approximately 2) as illustrated in Figure (1) 9. The
computed flow rate is used to control opening or
cI oSi ng of a control valve Vo (to adjust pressure. Pi
|80 9h S1a lByemtidnde of an orifice) so that a

[0002] 1n 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 iliustrates one example. It is so constituted that pressure type
flow controllers C1, C2 and C3 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, Czand Cs, a flow rate
passing through an orifice is computed by a computation device M, using the
formula Qc=KP1, by maintaining the fiuid passing through an orifice Ka under

critical conditions (i.e., P+/P2larger than approximately 2) as illustrated in Figure

(1)



difference Qy with a set flowrate @ is made to be
zero. Here, A/D designates a signal converter and AP
desi gnates 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 ntai ned at a set value (10-6 -102 Torr) by
conti nuously operating a vacuum punp VP through an
evacuation |ine Ex having a conparatively |arge bore
9.eglhieppadputed Hloanrade tio vaed do portssl upenianbr obkiag ofRCcontrol
and a conductance valve CV. [0005] A conbination of a
vahve Malp adjostupressune Paomitigh upsicearm giderpf avRirifice) sucthat a
as a turbo nol ecular punp and the |ike, and a
diferencal Qywithea setrfiopurgte (B is hadevia beumrgunidgreyRA) desighates
as a scroll punp and the like, is commonly used for
a t bignaf ocenvedet | andd ARicdesigpatep \4n  hiephfeer , (TOKBKAI-HEI
exhaust system for which one vacuum punp having a
No.8+338546haust vol une and | arge conpression ratio is
used, has di sadvant ageously hi gh manufacturing costs
[0R0¥] tAwillistkated froFiglre 16, thetintedalpRissurdrofithé afdiéimentioned
pressure of chanmber E is maintained solely by the
progesssahambec Bri§ maintained bta esthailss (19y 8 af Foaieby continuously
Specifically, a set internal pressure is maintained
opleyatingd] as vacugunh hpurdpgvPe ttabuglpean nRgyaehiatidhe lingt BRBAAVING a
pressure control |l er APC and conduct ance val ve CV.
cofripaftiveljolamyee boreveduippedowith essatbmabie préssufs cemeer IAPC
Fi gure 10, continuous operation of the primry vacuum
andungonddttanoe valve gv. ke, such as a turbo nol ecul ar punp
havi ng a hi gh conpression ratio and a | arge exhaust
[00035] urecorhbinatidrolol & @ﬁmaﬂuvamrnﬁrpump (athigle SHERIrh PARH) VP,

the primary vacuum punp VPi and (2)

.such as a turbo molecular pump and the like, and a secondary vacuum pump (a

low vacuum pump) VP2, such as a scroll pump and the iike, 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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t he secondary vacuum PUWP VP2, it becones necessary
that the dianeter of the pipe for the evacuation
system Ex needs to be relatively large. In addition, a
conduct ance valve CV, an automatic pressure controller
APC, and the like, are required. Accordingly,
equi pnment costs and operating costs of running the
vacuum chanber E are high, so it is difficult to
achi eve reduction of costs with this system [0007]
thpiserordasy yeesn pumpDdT2, itbegames BWBSSﬁnF}/\QUﬁhé diggmeter of the
internal pressure of the chanber is controlled using
pipe for threevepuation swsternfx oeeds to b relativehalarage. Jnasidition, a
controller APC and the |like. This results in problens
cangyptagse yalve\( V. areautomalc paessuts centewligr APEs andiiherdike, are
whi ch | eads to unevenness in quality of treated
regdisei c tAcaoedingly.c eqwipment Ieostisnend opaetingdcasts ohdpasing rihe
the internal pressure of the chanber due to so-Galled
vacpgyy chaneler i are bighy 80 itrie siifierdi ipi aghieve fedooBin ahcastewith
other hand, to raise responsivity of internal pressure
thisfsysteen. chamber E, neasures to control the flow rate
of gas supplied into the chanber E mght be taken in
[CBQEi t\Wish atprocess dwmbreas|E, s shownan igure 19 idernbbpressure of
it is necessary to substantially inprove accuracy of
the rehambe is sqoatroliedyaisingupmly i tbe dperatiorc hamtna rof Rtheoautomatic
a wi de range of pressures, the internal pressure of
pressure eontréllensPG @nddheadiked Dlyis ae$ultstin mgoblbmsfusty asaa dow
of gas into the chanber E. [0009] A fluid supply
opfesating rede oblheqroesbst dhanttmnbehiclt feagls to hmemenmessiig guality of
has the feature that pressure type flow controllers
treatedCpraglictss beicduset the huach Itimteyis peeadadofor iadjustiog dbel itgrnal
i nternal pressure changes on the side of chanber E.
pragsre bbihe, chambengue & sa-chledspabt pressureraontrof respensivityt/
rate of the supply gas is ensured as long as critical
[0%QA]di®m dhes ctiver hanidyttei reéss, raspossiaibhoé ntamahipressure 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,C3 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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excel l ent, practical effect. (3) [0010] However,
various difficulties with this type of fluid 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 exanple, assum ng that the
accuracy of flow rate control of a pressure type flow
controller, which has a rated flowrate of | SLM
{0016} aHawever vatieys diffieulties withotbis bipe off fluid gupply dadibitythaye
to a standard state), is 1% F.S. ("Full Scale") |less
beath founds et AmaRg 1tbose (difficylties, cthere is reepartiosian predsite| reise
maxi mumerror of 1 SCCM ("Standard Converted
agoqy; of fiow watanceniel nathesmll flovequantity nge|(icev, small gas Jow
set at 1 %of the rated flow rate. Accordingly, when
rafesd. cbar examplegvassuming that dhe sadcueasyt dfafiow oseicontnel of a
rated flow rate (for exanple, less than 10-100 SCCM,
pressureftyre flowrcontrellesr wbichdiast & satat! dlow rateriof dnBidV (“Baakard
_is no longer negligible and cannot be ignored. As a
literdwin:t a flawciaterobafdas\eonseded tnarsténdsad state), lise 18x B.Sc (‘Eaill
in the small flow quantity range; which is |l ess than
Scate)) leenhan o eetting 10%:. e this caseathare iSTOpGS it mdEimum error
No. 11- 212653 Public Bulletin Patent Literature
of TIORCOM\(“Stian dad Congeded 6mPintin) aviizul thetvialueObi thet controt fiew
I nvention [0012] The present invention ains to solve
ratehis s&t et d%nefithée sated flpwoiates nsAosbtdingly, whennthe contrelsfioverate
control of a vacuum chanber equi pped with a
besomesressthan 1@%eafsthe eategdpiow rater (o rexaoiple rless thvasl 10-100
to solve the problens of (1) the low responsivity of
SCOMar nbihe pffesixfrtbe eomor iof lthe hifcre oentibaed 1(RLCMéEs no longer
difficulty in accurately adjusting internal pressure
negligiblecanchearinet béignoced. r Ad & resuft] aceurate dowfrate control cannot

be expected in the small flow quantity range, which is less than 100 SCCM.
[0011] Patent Literature TOKU-KAI-HEI No.11-212653  Public Bulletin
Patent Literature TOKU-KAI-HE! No.8-338546 Public Bulietin

Object of the Invention

[0012] The present invention aims to solve the afore-mentioned problems with
internal 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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supply gas to the chanber because, when enploying a
pressure type flow controller of a gas supply
facility, the range of flowrate control is limted to
a (4) range of approximtely 1-100% and accuracy of
flowrate control over the flow rate range of |ess
than 1% declines, (3) the difficulty in downsizing the
facility of an evacuation system of a vacuum chamnber
and reducing facility and operation costs, and the
rangr &f appieximatelyi £-190ps andiagcwbpe of flow rateccoptrobever the flow
invention to provide an internal pressure controller
raggf rangernd iessrthan dMededlines ni3¢ theadiffieutby inudaewnsifing theafagility of
chanmber can be controlled with high accuracy and high
an evgnyation systemonfer vacuwimiehmbarsanderedacige fasilite apt @peradion
a fluid supply facility that allows an accurate flow
castmtangl thevie. t Hdwej itdsrapgmany objetteof AbDEoppésanttdnvention to
required maximumset flow rate relevant to internal
prpvide sorieteoial possu cartimllsnafiaichambarnterewith internal pressure
primary object of the present invention to provide an
ofiantasunpl chamibes gcae bs wontrcltedt witrchigh moturagy and highirespdrisaity
all ows accurate internal pressure control by
ovenal wigdergressigei mhge byl erpplowing reefluid reupplyl facilityf theh allows an
chanber. Summary of the Invention [0013] The present
adcurede tflosn contrak overd shee avide trange fofr 811 % MO0 nafnthei eecmiired
internal pressure controller of a chanber that
maximluodest flow satepreleyadt toriptetngd pressume chapges of dise vacuum
output part, a gas flowrate control part arranged
chaatbeeerlt i alsgaa prinmytohjecttofathd precemtainventigauto provide an
and a neans to transmt the data on the pressure of a
intehraatipeessuvd subjeat-tohntroptypy casnbics thatt allowseatdueate Haternal
gas flow rate control part, and the gas flowrate
‘pressure obntpul by dnspleying theeidteralipréssurel cantrdligr of the phamber.e
type flowrate controllers connected in parallel, and
a first controller to

Summary of the invention

[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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control the operation of the plurality of pressure
type flow controllers, wherein each pressure type
flow controller conprises an orifice, a pressure
detector on the upstreamside of the orifice, a
control valve provided on the upstream side of (5) 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 conputing
the ipeessiite deteator,.and ageorpulation contral part thatowpiuts itoedifietence
pressure Pi detected by the pressure detector and a
Qy yithihe sekflowpate Qita @ ckntrel valvsoas a attivingt $igral tayldomputing
each pressure type flow controller operate under a
the gas dowtratecRe ppesing threughi theorifine with siressurerBn detelted by the
approximately 2 tinmes of pressure P2 on the downstream
pressuse sietactnr and a foomulaQe=2(P1, whesaheista nenstastk tng making
of the plurality of pressure type flow controllers
easpairesssiratyne fiove oontrallen opelateunder a state whetedire pgmsurfe Byis
rate range up to 10% of the maximumflow rate
mainiainedentotenthaheapphaxiately Stimes af pressusenil nhiige dowastneam
type flow controllers operate as third controllers to
sidepof the|orificéeandeattthe Samiedinym andkingvone ok theapigesdity afipiessue
data on pressure are inputted to the second
typeofiow eohteollers opdiabs s @ semond aontrokiprab cootrblntheayss flow rate
pressure type flow controller so as to control the
rangss up Ito W0ka b theomakimuga flowunfrusupgpied .to [t thamber while the
present invention, in accordance with a second
remsaining pressure fypdifloiwesoritiodiefs opdratends thirkodntsdietshiat caritrol
second controller is equipped with an input setting
thepeast of thegts flowgate fanges; aridethedapd o grdssuteharedhputiedrto the
first signal conversion part to convert an input
secend controlidretoi agust aetomtral sigmdl fonthe anél presswtetype flow
control signal, a second signal conversion part to
cootoliessb asrte centrel the pas flew ratertsititeegadeutpbpdrer to a
flow rate control signal, and a conparison correction
[0Qdft The present invention, in accordance with a second embodiment,

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 contro! signals from both signal conversion parts so as to
contro! 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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for conparing flowrate control signals from both
signal conversion parts so as to control the supply
vol une of gas into the chanber by transmtting
corrected control signals to each of the pressure
type flow controllers fromthe conparison correction
part. [0015] The present invention, in accordance wth
a third enbodi nent, nodifies (6) the first enbodi nent
and the second enbodi nent to include 2 pressure type
thé fistembodimentiand she serandtambadimpatrtalihadde 2pessure tyge flow
used for controlling a small flow quantity range,
controllerst domnectedrinqragaliel, abonéds usedtfookomntrallirg beasngall flow
flow quantity range. The present invention in
quantityr dage ewhila theaotherohé ise akexrt foresontrolling e tbrgesflaviaguantity
first enbodinent, so that the flow rate control range
ranfe.a [Jhespasent tigyentibhoin @ccondahterwitiora dountial émbddiment,
quantity range is nade to be 0.1 to 10% of a maximum
mbdifies thet first eppbdiewnt,csat thet thesafidve rate wiontrel rahge fof avpressure
control range of a pressure type flow controller for
type flow genfrolew fouasmall flowuantily rangdis rddé to HOO0% toof0% of a
maxi mum fl ow rate supplied to the chanber. [0016] The
maxiesenflow natersupplied forthachamtlen arhileithd flawfrafel dontrol range of
enbodi nent, further nodifies the first enbodi nent and
a pregstireitypsk fow edhtralier far@ Ihk@tflowhquanitity i8lmage wfbe 10 to 100%
pressure type flow controllers are nade to operate in
oftaumaxintihafléw Retewuppliddie theckambere type flow controller
for the smaller flow quantity range, by neans of
[0018]t r'THe piegBAd Mvemtions i btestdanasnwitheaa €ifth kedbodimentafurther
conversion parts of the first controller. [0017] The

mpdifiesetie firsl embbdiment and tke tllanembuaditrient ssithdtithe plurality of

enbodi nent, nodifies the first enbodi nrent so that an
- prégdiael ype Abactdntrolliérst B Mmedeudt bpuratey Bl &ith) starting with the

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 supplied to the
chamber by installing the plurality of pressure type flow controllers connected in
paralle!, 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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made to vary by gas flowed into the evacuati on system
[0018] The present invention, in accordance with a
sevent h enbodi ment, nodifies the first enbodi nent so
that a plurality of gases are supplied to the chanber
by installing the plurality of pressure type flow
controllers connected in parallel, wherein the
plurality of pressure type flow controllers includes
at least 4 wunits. [0019] The present invention, in

fualserongddifies the sécabd @nbbdimeatroo dhaten fourthAJow vateroantroller is
nodi fies the second enbodi nent so that a fourth flow

provitied eorrd risihg editeisettingrmedieandsrh @f cantral Signgls tat ke Sandnitigd
mechani sm of control signals to be transmtted to

to [pressiné eypey fiow icbattolirs tlicttddefar alll dfahé didwl @ite adrigepfantitthe
flow rate range, and the pressure type flow

prés¥iré Qypecfiow vonpblers RApplgtthé |sewfloat ratebf gas aftét arspacified
specified |lapse of tinme follow ng transm ssion of

lafs Gfthe follgwRigRrarsfiisiidn dihentobsighdlsi nvention in

accordance with a ninth enbodi nent i ncludes a chanber

[0620] 2URHeesreBYntANVeigH Th BUSErdanck @it asnifthparhodiMensincludes
wherein a desired gas is supplied while the flow rate

a Bharhbér drauktedanNi vathgf pudifahd e grssuphpileansB/iereinsa

equi pped with a plurality of pressure type flow

dezfBd gak i€ Epplieanitartihd flow raes af hel gadid canfrolledt, and the gas
controller to control the operation of the plurality

sUBplyPRRBAYIIE dalitsheld! With @ Murality esf, pielairel fypk hifow icoatrollers

controller conprises an orifice, a~ first pressure

conRE&EH M parllEnghdPfifst Bamirdiiefls €dntiohthetdpdriatich ofdhe plurality
control valve provided on the upstream side of the

of oréSsurd fype FIMEcSHHRES, Wherdif the kP Bbrtialler B6mpASE & brifice;
part that outputs the difference Q with the set flow

a- Nt Prédsurd YelodiNbh Ghe upstr¥Smasid@ of ithe idiifics,| 4 tahtrbl valve:
conmputing the gas flow rate Oc passing through the
provided on the upstream side of the first pressure detector, and a:computation’
control part that outputs the difference Qy with the set flow rate Qs to a control
valve as 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 = KP1, where K is a constant, thus making each pressure type flow
controller operate under a state wherein pressure P1is maintained more than
approximately 2 times of pressure P2 on 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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orifice with pressure Pi detected by the first
pressure detector and by using formula Q = KP1,
where K is a constant, thus naking each pressure type
flow controller operate under a state wherein
pressure Pi is maintained nore than approximtely 2
times of pressure P2 on the downstream side of the
orifice, and at the sane tinme, nmaking one of the
plurality of pressure type flow controllers operate
dejectad yatiernf the seeand presswreainiector istinguttpastofthe first gbetroller
range up to 10% of the maximumflow rate supplied to
totasluist lncnentrol sighall teansimittedstoes Hiindgprpssure dypee figwp eontidllwvand
controllers operate to control the rest of the flow
torcantrolthe gupply aate offoastd drenchambarhthus laaribternal prgssure ofdte
wWith a second pressure detector and the (8) detected
chambes intontioied with Mighhaesisanysoovee Bavdde range ofmpessuess.t o
the first controller to adjust a control signal
transmtted to a third pressure type flow controller
and to control the supply rate of gas to the chanber,
Effegissofdhe investiom|! pressure of the chanber is
controlled with high accuracy over a w de range of
[0p2 s dusimg an Eftemal presSutehmntrollemdfitos chaBarn atisuraty flow rate
internal pressure controller of the chanber, accurate
cohtrolwcamthe acbievedloveara bdideadlbiverste range because thé duternal
rate range because the internal pressure controller
presawe sobtooligr eedesdo dadde a eelquifeailowatate ramgeintong @lurality of
plurality of snmaller flow rate ranges, thus allow ng
snealienfibw raifecanges rthig Hllowing a, srhalfow haantit(%e. déssthan 10%
maxi mum flow rate, to be. controlled by a pressure

of taymeximumvilowonate, db Iber cdntiolied bpta plelsbing tgps oWl controller for . -~

guantity. Al so, because of superinposition of flow
-controking arsiadil floayqueedis of pressure type flow- -

controllers allotted for all of the flow rate r'anges,'

the fAlew betause of superimposition of flow rate control by means of
pressure type flow controllers allotted for ali 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
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of gas supplied to the chanber can be controlled
continuously due to the feature of superinposed flow
rate control wherein the rate of rise of a control
signal has inposed Iimtations. [0022] Asa result,

the flow rate of gas supplied to the chanber can be

adj usted accurately and quickly, thus allow ng an
internal pressure of the chanber to be easily

adj usted and nmai ntained at a specified set pressure.
spEeified pressureedf ther chambemnvdiis ovesEnsathtb nmiikes ap cerpsntienal
controller APC can be elimnated, and facility costs
evaguatiemn systemtafrgclaamiestait ishobnedessagyrth&bothet vasuamapdrep, in
can be substantially reduced. Al so, the vacuum punp
adtbrdancedvith the pessent mvertion, tdihdveea poresidarableiaxcess margin for
i's one having an exhaust volune |arge enough to reach
evat@alieeslura8) spesirflingly, pa esensideraflet bestc heddntion hi the
nmeans that unlike a conventional evacuation system of
evacQbtiorPSysterhbetcomeepossiblessawnell. t hat t he vacuum punp,

in accordance with the present invention, to have a
consi derabl e excess nmargin for evacuation vol une.
Accordingly, a considerable cost reduction of the

BRofdiasRtibish 6MAb rakmgees possible as well. Brief
Description of the Drawi ngs [0023] Figure 1 is a whole

[002S]t eFydicaD fstwhbleUsiistent tiagram lilustrating)d Okt eeiodierdvf an
internal pressure controller of a chanber according to

intefRalPrésseié comtiial bPA charhbéildctoring totheippeientirveatiom g
the rel ationship between input setting (% and control
si gnaFiguld 2fiara amgrdth &hBangiheS@itiensiEp tiebhvésd irput detting
chanber made in accordance with the enbodi nent of

(o5Y.8Hd Gontrol EigB4Ir(S)Jot &n itéthansrageurb evhifdlick BEa chamber made -
relationship of flowrate setting (9, .

in accordance with the embodiment of Figure 1.

Figure 3 is a diagram showing the relationship of flow rate setting (%),
flow rates SCCM of all the pressure type flow controliers, 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 signa! 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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flow rates SCCM of all the pressure type flow
controllers, and supply flowrate Q to the chanber E
for an internal pressure controller of a chanber made
in accordance with the enbodi ment of Figure 1. Figure
4 includes diagrans show ng the relationship of a
state of a control signal inputted to all of the
pressure type flow controllers, flowrate outputs Q
and Q2 of all of the pressure type flow controllers, .
cageavharelliow Fatesare madel & ehanagedronE0fplo H10% it stepdike fashion.
pressure controller of a chanber made in accordance
wi t h Figsredbddiardisgram shoying the reiafjorshin hetweere flowe sate
the case when flow rates of 2 pressure type flow
sediing (%) plears indgraahprassure contialps of eorhamizer apdapodipl fiovs pate
seconds. Figure 4 éb) denotes the case when flow rates
Qawith regard tooacsesepd dmbediment of tlod @resenddnwantion asherein 3
Figure 4 (c) denotes the (10) case when flow rates are
pressiue typeciew gentrolisns e erpplogeddn an intefpal pressurggiengaller of
Figure 5 is a diagram showi ng the rel ationship between
theichambet.e setting (% of an internal pressure
controller of a chanber and control flowrate Qwth
r egar Higuee 6 is acdle systeni diagramoifiustrading rasother eimboglimentrof
wherein 3 pressure type flow controllers are enpl oyed
ari imtemal pressurel coptroliennfea charber foewhigh a phualihafriges supply
Figure 6 is a whole systemdiagramillustrating
fagitiigsnieprevidedtii nrent of an internal pressure controller
of a chanber for which a plurality of gas supply
f aci | Figues 7i is diagramdshowing tiee Telatiorshipi betweenstoanlioligble
the rel ationship between controllable interna

- intepnad spressur@1P:aff theechdralpdreanc rsdpplypfidyy rateo @ fert an gntepnal - -

an i nternal
- 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
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pressure controller of a chanber made in accordance
wth the enbodinent in Figure 1. Figure 8 is an

expl anatory drawing of a fluid supply facility
connected to a chamber, which enploys a conventi onal
pressure type flow controller. Figure 9 is a block

di agram of a pressure type flow controller. Figure 10
is an explanatory drawi ng showi ng an evacuati on system
of a conventional process chanber. List of Reference
Char a1 eConsmobfidva rate af presgOfeXipe lovszsntoljEpiior 4 amall flow
Gs Supply gas FCS(A) Pressure type flow controller for
quandityal | fl ow quantity FCS(B) Pressure type flow
controller for a large flow quantity (ii) quantity

quant Qey Contesl fiowahtd dfquessire typle flowesaritroliet fopea ldrngevlow
controller for a small flow @ Control flow rate of

quandigsure type flow controller for a large flow Q
Supply flow rate to a chanber P Pressure inside a

chanbéy Supppfies satehaalvhambeAd) ust nent val ve VP
Vacuum punp V1-V3 Control valves

P Pressure inside a chamber

E  Process chamber

V  Adjustment vaive

VP Vacuum pump

Vi~Vz Control valves

L1 Gas supply pipe -

L2~L3 Exhaust pipes

1 Controller

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

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

1b and 1¢  Signal conversion parts

1d Comparison correction part

1p Pressure detection signal

1e,1e’ and 1f, 1f' Control signals

1h  Switching operation part

2 Pressure detector

3 Manometer

4  Pressure type flow controller

5  Switching valve
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Li Gas supply pipe 1-2-1-3 Exhaust pipes 1
Controller la Flowrate input setting part (flow rate%
setting nechanisnm) 1 a'and 1 b" Control signal rising
rate setting nmechanism| band I ¢ Signal conversion
parts 11d Conparison correction part 1p Pressure
detection signal Ile, le and 1f, If' Control signals
1h Switching operation part 2 Pressure detector 3
Manoneter 4 Pressure type flow controller 5 Switching
valve [Illustrative Enbodi nents and Best Mdde to Carry
Qut the Invention [0025] The follow ng enbodi nents of
lliu$teative dSrpidimentsrendddest Modiéde d?arbe@uidhe lientions wi t h
reference to the drawi ngs, where |ike references refer
[0025] | Kiee fallowing &mbofimertts Bfrthed presant ingediin &iegdeseribed as
illustrates the first non-limting enbodi nent of an
followve withirefepereedo tiee damtings, wWherelikearetdrandas refexdao kel parts.
to the present invention, which shows basic structure
of the internal pressure controller. As shown in
Figure 1, A designates a gas supply facility, Gs
ThkeFirstrErhbsdimentippl y gas from a supply gas

[0026] Figure 1 illustrates the first non-limiting embodiment of an internal
pressure controller of a chamber, according to the present invention, which
shows basic structure of the internal pressure controller. As shown in Figure 1,
Adesignates a gas supply facility, Gs designates a supply gas from a supply gas
input part (not shown); FCS(A) designates a pressure type flow controller for a
small flow quantity, FCS(B) designates a pressure type flow controller for a large -
flow quantity, E designates a process chamber, P designates pressure inside
chamber E, Q1 designates a contro! flow rate of the pressure type flow controller
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, L1 designates a gas supply pipe,
L2-L3designates 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 correction 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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i nput part (not shown), FCS(A) designates a pressure
type flow controller for a small flow quantity,
. . FCS(B) designates a pressure type flow controller for
a large flow quantity, E designates a process
chanber, P designates pressure inside chanber E QL
designates a control flow rate of the pressure type
flow controller FCS(A) for a small flow quantity, @
designates a control flow rate of the pressure type
[COREWw loparticildrea sugEd( s Gerfram ther aferefentianedrsuipply, ga® input
designates a supply flowrate to chanber E, V
pattisi sypplies tatheadjartiemEnthrawegh/tbe svppyegasgmdpatsparbconsisting
vacuum punp, V1-V3 designate control val ves, Li
ofdzsisypplyeipal garsl thalipé while tres flov Pate 35 chordiojed by she flow rate
exhaust pipes, 1 designhates a controller, la
canrel parhicessistirfg ofvihe rgasesupplyufiacitigt A iang theuconifaller 11TowAnd, a
rate % setting nmechanism, 1 b designates a No.1
gasf supply megvsaforcsupplyisd gasptar the thamdbei gnist emde No.dt the
(second) signal conversion part, 1d designhates a
aforzampeniicwa supplyegds inpufg@art, thé gas flew rateccontrol gart, the supply
designate control signals, 2 designates a pressure
gesadutpuatpand thedikei gnat es a manoneter, and 4 desi gnates
a pressure type flow controller. (13) [0027] In
[0p28]t | The afore-meatiimedypressurEtyfe fow thveralery FCBEA)EndrRCS(B)
supply gas input part is supplied to the chanber E
art Ibasicghy tdeatisal[tplay coa®ntivngl ressuré typeniove conigoliepfshgaa in
supply pipe Li and the like while the flowrate is
Figuret9, ®alch ghrénsuterypt iflow contrellerds findamepidllly consisuctéd s@that
of the gas supply facility A and the controller 1.
. a gagiflove rat@ passing tHryughean srificy ofaseh|préssurghpetfiowt duntroller is -
chanber E is nade up of the afore-nentioned supply
T cop@uted with therformiilaeQaeasP{ (whsre & & 8 winsRInt)pby katidfiing the
supply gas output, and the like. [0028] The
coaagibg-ctg(eg;mmei@ apresiniately yipord than CQrdr by | stisfyirigScalical
an
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 hetween 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
controlied 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 controilers, such as by
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are basically identical to a conventional pressure
type flow controller shown in Figure 9. Each pressure
type flow controller is fundanmentally constructed so
that a gas flow rate passing through an orifice of
each pressure type flow controller is conputed with
the formula Qc=KPi (where Kis a constant) by
satisfying the condition that P1/P2 is approxi nately
more than 2, or by satisfying critical conditions of
emplgying Qferesurabame flameeseniiallerrCEMAxwith 3 pried 8awratedd 100
of an orifice Ka and pressure P2 on the downstream
SeCHb agfthe Hressure ityee Raw cwtioler fs a gmdlicfiaw siwaaijty, and by
bet ween the conputed value Qc and the set value (i.e.,
ergploying @nothespeessyye typedlom santrollen HeS (D withr @ (ated fowrate of
the upstream side of orifice Ka, is controlled for
3006 8&M as Hpropresgureriiipe fowiaegtrollerdar adargp flowsauantity. . The
In this way, a flowrate actually passing through
stauctyrakdetrils pEtheoafpreoinestionasi pressuref type flowncantiolersse®S(A)
value (i.e., set flowrate ). [0029] The above
arghtr€§i(be @re ofell-krowsy & dmsei skiled i the ark oTberaionee dietailed
that flow rate control can be achi eved continuously
explanations regartipg quressure dypen flow econtrollers FEES(A) angd~CS(B) are
ranging froma mninmumflow of 5 SCCMto a maxi mum
omitieds of 3100 SCCM by enpl oying different pressure
type flow controllers, such as by (14) enploying one
[0p8@s sTheeinsigpecaphdity efdhe afireenerfticBed pradess chambeel is sehvat
rate of 100 SCCM as the pressure type flow controller
11 ldersaasdrtiid chiamber duiacontinyouslyceviaguatedbhroygim gvanatibe tines,
pressure type flow controller FCS(B) with a rated fl ow
Loragdd_spéquigpabwiicanviadiistrhentmabesy by meape of Boacuum pump VP
controller for a large flow quantity. The structural
: haviigadn extufust hapadity of 36@ fiters/meivd s thest dle msidepaf the. ohamber E-
controllers FCS(A) and FCS(B) are well-known to those
“is sidintaimediim vadwinant 10 Fhelef dor, det ail ed -

[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 Lz), 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 internal diameter of 54.9mm ¢, and a stainless steel pipe
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expl anations regardi ng pressure type flow controllers
FCS(A) and FCS(B) are omtted. [0030) The inside
capacity of the afore-nentioned process chanber E is
set at 11 liters, and the chanber E is continuously
evacuat ed through evacuation lines, L2 and L3,
equi pped wth an adjustnent valve V by neans of a
vacuum punp VP.. having an exhaust capacity of 300
liters/mn so that the inside of the. chanber E is
wittaiant extemdl idiemetet @28 ©@- 2nd 40 irteMal dianh€oB8 0f Zfhem ¢,
pressure type flow controller 4 is enployed for
reapipaiivelynareauseddior that aforesinentioresl gas supphy pipd Lvoexhaust pipe
vacuum punp VP (or to an exhaust pipe 1-3), and
Leconat endiagstpipe Lot er nal pressure of the chanber E by
reduci ng an exhaust capability of the vacuum punp VP
[0033]n gl hehafosermeinjiondd tordralles 1 @omtises @pl ipputgsettiygspadl 18 ¢a
vacuum punp VP, affects on the pressure inside chanber
flo e % setting comahainisng), Noel ard plors sighalycdneersidnepartd 1b and
pressure adjustnent can be also be inproved. The gas
103andcutcmparisomnaortection partgals  afsdesimedl fovy eate @6 )do the rated
could be a different type of gas (e.g., an inactive
maesum fiOWw3Iale s sdtebhynthesiapastt seitingpippet 1 {ile. aan flowt ratenadtting
di aneter of 6.35mMm 0 and an internal dianeter of
mdctiniam)0, Alscstihe rdlaticmshibdmEtweep prasstie Rinsidd ehamber E and
dianmeter of 60.5mm 0 and an internal dianeter of
a fidwata Q, ofagad fowddhintd ¢ws clsarabér B) ipethe ldjentvthat tlaen vacuum
external dianmeter of 28mm (~ and an internal dianeter
punfip 4Pnig) dbntinuasshe ahd \nemallyaoperatseidudder dpeeified conditions, is
af ore-nenti oned gas supply pipe LI, exhaust pipe L2

: knaneh pefbamhahd Eispexplained (i33] Atberdirigly, demedntiolingdpressure P. -

controller 1 conprises an input setting part la (a
“inside chamber E,-first, a gas supply quantity Q required for a set pressure P

inside chamber E is determined with reference to table values previously
obtained, and then a flow rate % setting value, corresponding 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 12 is also equipped with rising rate setting mechanisms 1a’ and 12"
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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flowrate % setting nmechanisn), No.1 and No. 2 signal
conversion parts Ib and | ¢, and a conparison
correction part 1 d. A desired flowrate (% to the
rated maximumflow rate is set by the input setting
part la (i.e., a flowrate setting nmechanisnm. Also,
the rel ationship between pressure P inside chanber E
and a flowrate Qof gas flowed into the chanmber E, :
N the event that the vacuum s _conti nugusl ){
[08%@ nt& feerRie B?Isrra%ﬂir%ﬂ@rﬂ%@e%@ds E&RIM pBAS CHE) by
known, beforehand _ as explained | ater. Accordingl yﬂ for

seiting ¢ BPWﬁ@ 388y giyen fete withigithe ranaefrp the minimgm flgw rate

%n'g pIy guantity qlw red for a set pressure P
ofj |t@é @ maeymefiqw ét‘-"é PO dheicentrelesignal fising tte gaftiag

val ues previously obtained, and then a flow rate %
maehanisigs Ja)and 18 ¢ the mswél Beling paftia fyagtion fgdjust the rising

quantity (Pre quired, is |I§Fputted to the input settlnﬁ
ra}saaref sleoratrommaiq 1epkte'x i aeg 1 (1P happligguto masurmtw ow

la is equi pged wth a flowrate % setting nechanism

coptipler iFS-Sthdeansh hGR(B)afarehelhr small aud r large Jow quantities,

corresponding to a set pressure P, is expressed by
respretivelyw Fort %Xé(f'%‘e,t b theeveol thet awes @misrsupalied at SG’F flow
both pressure type flow controllers FCS(A) and FCS(B).
ratpnef 5CE§G@M &Gn npugsqia/iatuelofaﬂ 613%) and Hen ip frateasadhto a flow
rising rate setting nmechanisns 1 a' and 1 a" for
rafonpt 2ROP nBGOM: (el inpiitysat yakie o516 iHeopperpion stirtbe
type flow controllers FCS(A) and FCS(B). A flow rate
pregsuse tipe flowe sentgelier EECS @ ior el smallcliow rastantity sr jeinadr by
P inside the process chanber E to a set value of
opgrationunfdhe prassureplype flow rmtrpa@reF Q& (B for latgerficpnauantity. of'n
the input setting part a. [0035] To operate both
“othgrewerigise at: mﬂmwmnaatﬁyt(ﬁcg 180 56@6{ anlydhe resuss type flow
setting a flowrate at any given rate within the ran
controdert S nis i raperationy ai—éwever at high flow quantity (e.g., 2800

SCCM) gas supply facility A switches to the operation of both pressure type
flow controllers FCS(A) and FCS(B). Due to this switch in the operation of the
pressure type flow controliers 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 controlter FCS(B) for a large
quantity to reach 1800 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 signat conversion part 1b is for outputting control signals 1e
and 1f corresponding to a flow rate % setting input compatible with a set

pressure P. The No. 1 signal conversion part 1b outputs control signals 1e and
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of 0%to the maximum flow rate of 100% the control
signal rising rate setting nechanisnms la and 1 a" of
the input setting part la function to adjust the
rising rates of control signals le (le') and If (if)
applied to pressure type flow controller FCS(A) and
FCS(B) for both small and | arge flow quantities,
respectively. For exanple, in the event that a gas Gs
Is supplied at a set flow rate of CCM (an i nput
tfgigbojh nressrs by conicloe TGS AREESE) ol mammar
rate of 2000 I nput set val ue of 64.5169 ¢
ergbediment @ Qﬁﬂt@helgnglr@‘stae PEESSYISElYPE dawcesntrobien RESEA k\y:h
for a small flow quanti oi ned by operation of
%”}?P‘@M‘Gﬂ@wtf? |1G@/S,Qﬁ¥nMrem acopteysgnal of the preasure bpe
In other words, at lowflo antlté/
ﬂ%c@trollgoFgm v@mtyh@e]@ r@a)@nygmféowﬁig A0 SCCM, are set

control |l er (&J IS in operation. Hovvever at hi
tofy Ry ooN (Q $CLM)g 5V(30ECCAmNd tgasvaluppl OV (RECG )y—ﬁv
swtches to the operation of both pressure type flow

(3RO SCEMb rrespestivaly. aAadFesh mressoue type fiowcoptmoliers FGS(A)
the operation of the pressure type flow controllers
AjBlaiegeesiopjrol pignalsctarend Hécrespestivetyo whinkkeorsespend
I ag t| nme adj ustnents (approximately 30 seconds in flow
Wlﬂh@@tm&ﬂ@m fries Gk a@dﬂme/gerfoentrolmgrmieie and 1f gnednputted from
controller FCS(B) for |arge quantity to reach 1900
thesNo wgnalmaelﬁlmarbttetoa ca@npaiags, paritkd as shavn indtiguref1.
control input signal If to FCS(B) needs to be adjusted
[O%#dn TheeNpr 2 signelecanypesiorf pany1c amtar soheertifgg(dstection signal
switches into operation at higher flow quantitites.

10 howehe Mresswse Heteaiera?, ‘whish dhasi detegtadta prdssure Pdnside the
outputting control signals 1 e and If correspondi ng
“chambgr E| tsva fiew eateccontrolisignal igut The aprmsiried dowi rate sigsaitig is

pressure P. The No. 1 signal conversion part 1 b
thenuinpuited toolvercompairigom cerractionapadt 1d.

[0038] Furthermore, using the comparison correction 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 te 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
comrected 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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If to both pressure type flow controllers FCS(A) and
FCS(B). In a particular enbodinent, a control signal
of the pressure type flow controller FCS(A), which
has a maxi mumflow rate of 100 SCCM and a contr ol
signal of the pressure type flow controller FCS(B),
whi ch has a maxi num flow rate of 3000 SCCM are set
to a value of OV (0 SCCIVI) - 5V(I 00 SCCIVI) and to a
value of OV (0 SCCVI) - 5V (3000 SCCIvI),
rate speicoli sighal . 1gAisdeorbutad prsieg tine pragsore deigctionsigopl dpsis
FCS(A) and FCS(B) receive control signals le and If,
smelgrdloan thel st flowiratie cootroksignals 1ewndHf dbat isopresswe P inside
ratesQl and 2, after control signals le and If are
cliambsrtte i ém the minue siite of thiegehpressurecwkich makestthe degreg of
conparison part |d as shown in Figure 1. [0037] The
vadounirsthgnehianmtemhighs doe tpantinsufficierst supplyctiow eatei @f gas),
detection signal 1 p fromthe pressure detector. 2,
coritiot bignals theted t1é dreacomrested tawardi ths iditectidreof sippattincrease,
to a flowrate control signal 1g. ' The converted fl ow
thuathe supphaflow gate<) ist ddjustech poward the diradtion ©b inseeasingflow.
correction part Id. [0038] Furthernore, using the
[00B8paini acoordaTcecwith dime peesent dhveation,f dwhown dn Fagurer bl the
signals le and If outputted fromthe No.1l signal
peesiverdeiantiopaignal tp,aoaespadingiotthe présshre insidé ichambat ke as
signal 1g determ ned, using a value of pressure
delettedtweith the. pressyreadetester Beisackedms s ifgerblack sjgnali o norrect
the No. 2 signal conversion part Ic. Wen the flow
flovatratec coitrod sigriaimdle gl 1€ dingtusredoutputbed tdn pressess type flow
detection signal 1 p froma pressure detector 2, is
corarofers FOS(A)drel FES(B). oun this enarment costectidyoaitrol Isignabntie’
If (that is, pressure P inside the chanber E is on the
. amd uf arsiirgpurtiel tb ke pedssare Hper fiowbontrolieek ESS{ARane FOS(B),
of vacuumin the chanber |low due to the |arge supply
thuk ealowérice pfessiireg s insidehehzrotvdrr Bl tosheyrahstahly and ddcueately
corrected toward the direction of signal reduction,
mialntsinéd gt thigiet vallit and wadile nfanifesting high responsivity as well.

[0040] Figure 2 is a diagram showing the relationship 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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adjusted toward the direction of reduction of flow
Conversely, when the flow (18) rate control signal ig
is conputed, using the pressure detection signal 1p,

is smaller than the set flowrate control signals 1 e
and If (that is, pressure P inside chanber E is on

the m nus side of the set pressure which nakes the
degree of vacuumin the chanber high due to an
insufficient supply flowrate Q of gas), control

1+ 081 00=2D\is| ihputted todhe sonkealler GREH{A).t Himilary sthenra set
of signal increase, thus the supply flowrate Qis

flewd jratet ie RODO\BC QM (aesed ifloactaiten A6 TH00DIEO00a84 .68 %)) thw. controller
[0039] In accordance with the present invention, as

FEsALtputEiadlomerals oft 109 SEChbwilh thedfieverate setting gad|%=1100%,
corresponding to the pressure inside chanber E as

amtk thec cardrohisignat he=5HreQ0M0O=8¥tis inputted toitbe contiolks FLS(A),
feedback signal to correct flowrate control signals

white thedednitrolleraf CA(B) cutpyis atfledy tabe pf @860 BE QM pand inaesponse
controllers FCS(A) and FCS(B). In this manner,

toc rcedvirige doxtool t signial s1fgBdk 90063000284 7Mf inpatted ito gthé teodtrblter
the pressure type,flow controllers FCS(A) and FCS(B),

FCB(®). al | om ng pressure P inside chanber E to be
constantly and accurately nmaintained at the set val ue

[084t] WRiglee Bwhobive the nglatiorghip betweeaialottyd asntrsll flow rates Qi
[0040] Figure 2 is a diagram showi ng the relationship

ane Qaet pressliteotype dlowr contraliersSECS{A) andY% CSB)d respettively, and
signals | e and If provided by and neasured at the

thieriptat suppdt fiow cate &Y to dhambler Ensirgothé flaid stipplly. faéitity #hshavn in
in Figure 1, control signals le and |If that have

- Figuiegl.naAsehdwwin Figard B ofor tabrl flow vatel Qahatds Q1Q08ar set % -

la are then transmtted by the No. 1 signal

* onlp e FEBIN) guitiolldis ih wpBigiohe ThisGasy @ctursiwhereverQ=lss .
illustrate control signal |le of the pressure type flow

thaar0@d @M. FOR(tAR ottmir haddpiol aftbtalfion fné Gt thal iSUN-3H00N97 -
and control signal If of the pressure type flow

set %+700/27SCCM both FCS(A) and FCS(B) controllers are in operation, which

occurs whenever Q=more than 100 SCCM.

[0042] Figures 4 (&) 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., cormesponding 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 o a state of full operation (i.e., an

adjustment valve V is in a full-open state and vacuum pump VP is continuously

(20)



controller FCS(B) for large flow quantity (3000 SCCM,
respectively. For exanple, when a set flowrate is 50
SCCM (a set flow rate %50/ 3100=1.613%, only the
controller FCS(A) is operated or actuated, and the
I nput signal (19) 1e=5Vx50/100=2.5V is inputted to the
controller FCS(A). Simlarly, when a set flowrate is
2000 SCCl VI (a set flow rate %2000/ 3000=64.52%, the
controller FCS(A) outputs a flow rate of 100 SCCM
opgratediatdls fulbgapasity. setting part %100% and the
control signal | e=5Vx100/100=5V is inputted to the
(08683 r SpecificatiSFigyre 4w(s)| graphicalyoshows Ithe stats( @) changes in
outputs a flow rate of 1900 SCClI VI, and in response
pregsyredtol/a gharmber Edn the epssl whhdreshe Irdeasityad a-sattiysignal to
inputted to the controller FCS(B). [0041] Figure 3
the finpvt setting ipertdiai is msidiedo bbangacinom 0% ta 0% imapwrbxifiately 60
rates % and 2 O pressure type flow controllers
seeopy) Faererd®) Byaphicallp ebows theystaterod chamgestio pagssutgpBlof a
flowrate Qto chanber E using the fluid supply
chagtheritz in the saeswhere thiiigtensitylof a\settihg gignattoRhg inpeit 3etting
for atotal flowrate Qthat is Q10013 - set % only
parhédaHespaje dochaoge drom £% o dPeMatn approkimatelyad@ seconds.
occurs whenever Q=less thanl00SCCM On the ot her
Fusthed, Figene 4 (¢)graphitaltyvshosiseth statatof ichair0idGpragsure Febf a
%700/ 97SCCM bot h FCS(A) and FCS(B) controllers are in
chapwieaf iorthe nhse wherctheristensipnefieesetiivgrsigeal todhe (it setting
SCCM [0042] Figures 4 (a) to (c) show experi nental
patat anisaradaionthange lire stepdilie firmtaritthmeousdashion. si gnal
rising rate setting nechanismla" of the input setting
[044]t Aram Figurpud ¢3) @nd Riguteo4 ((b), -itaik lenwinstratekicthats abigatied
of followability between the state of application of
“plelsewrer avrtralbiie ipetfestiyyaahievéd imribe | dtatanethereds pressuR # of
t he chanber
. chamber E continuously increases in a manner nearly proportional to 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 controi signal 1c (or flow rate
Q1} and of control signal 1d (or flow rate Qz) may be made instantaneously, the
contro! 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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E (i.e., corresponding to a control flowrate Q when
total flowrate is increased fromO0% (0 SCCIVI) to
100% (3100 SCCM by operating both FCS(A) and FCS(B)
controllers as required. In accordance with this
experinment, the exhaust system of chanber E is set to
a state of full operation (i.e., an adjustnent valve
Vis in a full-open state and vacuum punp VP is
cont| nuously (20) operated at its full capacity).
hastiaftive EnbodirRentur e 4 (a) graphically shows
the state of changes in pressure P of a chanber E in
0048 dcgerevihisraediagram tot shosy a yelstiorshipshativagn setfiow rate and
the input setting part la is nade to change fromO0%to
flakO 66 iontpaup pr thei seeopd woBdimitirer embsdinteint forea fuid Isypply facility
graphically shows the state of changes in pressure Pof
acordimgtdotbe gresent triventiors dn\siceordantee with ttiee setondogmbodiment,
setting signal to the input setting part la is made
the oflidh asupply facitit® %6dreespOoding ntoa e araptatshbwn3h Fegpuoads . is
Further, Figure 4 (c) graphically shows the state of
constracted toringuds SupresBued type fidvardoatrolers FCH@A)C BES(B) and
where the intensity of a setting signal to the input
FG®(Q)i with rpedtfldv aates ofatE) SCCMAB0E0 iISCCKMepnd i5060 SCCM,
i nst ant aneous fashion. [00441 From Figure 4 (a) and
respepdively4 When these shrdepresduratypd filvatcoatrskers aré einpldyed,
pressure control” is perfectly. achieved in the state
acchmte flow poagsiuver heowidee flawbate rengenof HSQCM Yo 8100 SCCM
increases in a nmanner nearly proportional to a flow
is mehievediet ting % (SET). [00451 From Figure 4 (c),
however, it is found that pressure P of chanber E
[004%]i chrotte (Rigate B nflaw Saiep | chafdoteristied ©f GhbopreaureetypE) flow -
is not able to change in step-like fashion in
.:cog}fremm FEI(B), FCHB) nd RES () despéctively, &feoshovat by satvbilnir
0
100 SCCM, curve H for 3000 SCCM, and by curve M for 5000 SCCM.. Qisa -

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 Gs1, Gsz ...., are

employed, the same number of gas supply facilities A, wherein each gas supply
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(SET), thus denonstrating that it is inpossible for
control of pressure P of a chanber E to fol |l ow
i nst ant aneous SET step changes for approxi mately 20
seconds. In other words, while step changes of control
signal 1c (or flowrate Q) and of control signal | d
(or flowrate @) nmay be nmade instantaneously, the
control of pressure P of chanber E cannot follow
i nstant aneously but nust lag behind for a period of
fa@lllWelSdg@msi@lctﬂg'(yerr‘ataic@@rdencegargthstlmolfigstf%mbtndimpnhaoﬂ second
Figure 1. (21) The Second Illustrative Enbodi nent
embadisentiofy ihe invendion, @b dheamimberspbdifferens| gas typeli gan be
bet ween set flowrate and flow rate output in the
provideshin paralleliagishbwy irfrigute Genin thisrembddiment, a8 spiithing valve
facility according to the present invention. In
5 ixc ponvide forveadh ohe of dbe piuralityooli gestsupplyHfacilities &. Each
supply facility corresponding to the graph shown in
switchingevaive srayclom éndependentlyoswitahleddfer 8peradion.utheistalipwing a
flow controllers FCS(A), FCS(B) and FCS(C) with rated
plériabity of iffere ol supply gaxer to3l® SuglieN! ia ey SEsded©BMbination fo
respectively, Wien these three pressure type flow
theghambeilers are enpl oyed, accurate flow control over
the wider flowrate ranges of 5 SCCMto 8100 SCCM i s
(04| dn edcoriatecelwith theofinsFembodintent ahd secankdeesmbodiment of the
characteristics,of the pressure type flow controllers
présgst Ayvenb@s(tBy sapply lGas(®), orr@spEest,iis/ateyof aanen-stixathndityre.
curve L for 100 SCCM curve H for 3000 SCCM and by
Hawevee, iVis fvathirbOeCscBRENS the(priesert inwantiph yorfthe wupply @as &s, or
the chanber E. In other words, when the supply flow
‘supplyega@es iGs1) @sz etdido beDmixedE00rsniksll gabes, ffbroexangile, ik
is determined by the formula: Q=(3100-100)/(40-1) -
MiKDET 06 Aj) arkdDOF 4 (with an arbitrarily selected ratio). P

[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 non-limiting 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 Ls. 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 made 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 Torr.
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=(3000139) - SET%-(900/39). When the supply flow rate
Qis 3100 to 8100 sCCIVlI, the flowrate Qis
determined by the fornmula: Q=(5000/60) -
SET% ( 14000/ 60). [0048] For both the first enbodi nent
of Figure 1 and the second enbodi ment correspondi ng
to Figure 5, it is assuned that the supply gas Gs is
of one kind of gas. However, when nore than 2 types
are enpl gye

f..su as Gsi, GS2 .....

[Oﬁ?é?rﬁeW'{S‘ry feg%@"%% o §i %%1 1398]ne sy wmtﬁleéawvg é/s's fully
?{geodff/ é | it f(fonstruct ed in accordance with
op o kge eﬁfﬁ oA e fiow paseRTe AiLibe qreRvatisn Sysem 1o a
. nvention,,.as the nunber of different gas types can be
MEHSTH AN Hep@CHHMPUER \dh SwAPerAtad tgupvackate chamber E to a

d enbodinment, a swtching valve 5 is provided for each

%Q{seaf VaeHum compatible l?”@ﬁ@\fgﬁﬁipp cepaciy afithe vacuym gHmp
wi t.ching val ve may be independently sw tched for

%pe'?‘ﬁ’f‘r gﬂe fiowuEata @ i thg suPpiy dasuls dptesminad: fasraghieving a

ses to be supplied in any desired conbi nation
P’PEQ‘Pf?h%g%éﬁfBE&"QEtO thsoRsssyie-flow: Faigapfiaradiptistia Berve efsthe

enmbodirent  and secqnd enbodi nent of the present
C*Fﬁ@%f ft%%\f%caamfySsg%%meyhlcarhfs@é?eenwzerm@%befocﬁha@d
non- mxed nat ur er, is within the scope of
ag ﬁ'%o‘%ﬁ‘ s Eigure r?verTﬁPorﬁ'aﬂeﬁslilﬁ é)@umn interasg! pressuie P and the
w@g gases Gsi , etc., to be a mxed gas or
s Wagleshas been Efﬁi’iﬁﬂsé/ datgepropgssed rapdostord iaral memaory
with an arbitrarily selected ratio). P [0050] Next,

d E@ratlon of the internal pressure controller of a

according to the present invention, will be
[0§§f§| ﬁq{@gqggntfyo[th%ggs sppply faciligy A és operated fo supply the flow

quantity Q of a gas Gs required to secure the set pressure P for the chamber 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
50 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 internal pressure P of the chamber
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Figure 1, a non-limting illustrative exanple may have
chanber E including an inside capacity of 11 liters,
and the evacuation system of chanber E conprises an
adj ustnent val ve V, a vacuum punp VP, a pipe L2 and a
pi pe L3. The vacuum punp VP, for exanple, may have an
exhaust volunme of 300 liters/mn. (0051] The internal
pressure controller of the present invention is nmade
so that pressure P inside chanber E is controlled to
Edn dhe enbodimentaf dbe inpreatism showy in Figueé \I. adfiguse i7nghdwsethe
flowrate Q of the gas supplied into the chanber E
pressuredipwu sate cheiragierstica caluthe dime Wierhthe vacuant pubi WP is
exhaust capacity. In this way a specified process
opgrated goatindousthnat it$ rating: and theaadjustmenp paloei\frist plhgedL B the
-2 to 10 2 Torr. (23) [0052] Wth reference to Figure
statea ghimtaximuims or yminhmurd| openingit  Spedoifically,i surfell A yin Figure 7
opened to keep resistance off the fl ow passage of the
demensimteso the ywessure-flow rate nchanacterstidst foe thacemboditment of
VP is operated to evacuate chanber E to a degree of
Figureutirapeeatpditstithe time whehethe vardjustinent valspaciis vpehed ke its
vacuum punp VP. Next, the flowrate Q of the supply
maximuns  dauree B inddgure7 showisehe peessuresfles sate ehBradeleristics for
referring to the pressure-flow rate characteristic
the sare eyhbedimentofifigere £ tatdt thectiroe adieatthe adpigtrh@mvalve V
whi ch has been determ ned beforehand as shown in
is Ripgmed t0. itShminiraat | ke PC bdémenestrates dhie) Presyies-Aowerdte
and the supply flow rate has been previously
chdeacterjstios dssad arbitrast cordlctance ofether gvactativ e ystef)3@ich
Subsequently, the gas supply facility Ais operated to
mayu pe lagjustet fd malize) tien aittityar ppdced s grmdfion r(¢pEnd &k bRocess
secure the set pressure P for the chanber E.
condition (2) inside of chamber E. -

[0055] "As apparent from Figure 7, using the chamber E and the connected
evacuation 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)H{4)+(5)1-(3)-(2)-(7)-(6) shown in Figure 7, which corresponds to pressure
changes to over 10 " Torrto 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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The range of internal pressure adjustnent for the
chanber E using the supply of gas Gs can be changed
by adj usting 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
floyy ratpgangs Qﬁg\@eﬂtﬁd supply faciity Aa @ind $he eévacuatioh eapacitynefl the
in order to increase resistance of the pipe passage
vasuumh eusm Mt ¢am bey appreprigieiyt ishosen epehding, onheemditions
internal pressure of the chanber Eis to be | owered
required for erpreseasnchargbercEa By gupplyinge gas Gadwdhg vacinen
adj ustnent valve Vis adjusted so as to be fully
PwnR YEH(or [anosdiaurt pipe d-sY thireugh dipsegssune typepldve abiiyoller 4, as
showi ng the rel ati onship between the supply flow rate
shownoin: higutsh AnifealsE& bandmek epdsaibler teamaintainspressitedhsidadhe
chanber (24) E in the enbodi nent of the invention
prebessn chamben br at 4. sgecifiedepréssirevealud by pdjesting éhe lerhiaust
rate characteristics at the tinme when the vacuum punp
capmbility ofde vatieon pompi ViR o tsirheanhoiiet esingthengmbadichanth shown
adj ustnent valve Vis placed in the state of nmaxi mum
in drigure i, mhenapressure insSpe thef chemhber E isumaintsinéd afsundr -7 to
denonstrates the pressure-flow rate characteristics
10 B Totrhi# i poesibleent fudher Eordrol ¢he pogssusd indidet oft tranbereE to
when the adjustnent valve V is opened to its maxi hum
appooximately h0Fitgui0e® 7 TetrdwscHaingingrthe Sloweratd controhitange of the
characteristics for the sane enbodi nent of Figure 1,
manameter tind thenfuidtseipplyhfaciit) Ast ireother avoresVit isSpassibiedo .
toits mninmum Curve C denponstrates the pressure-flow
controkepressiae antide obtharsbdrd dawn 46 bpproainyatelgridad tande® oforr
the evacuation system which
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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may be adjusted to realize the arbitrary process
condition (1) and the process condition (2) inside of
chanber E. [0055] 'As apparent from Figure 7, using
the chanber E and the connected evacuation system as
shown in Figure 1, the gas supply flowrate Qto
chanber 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 chanber E over the flow rate/pressure range
bordered with nunbers (1Y(4Y(5)-(3)-(2)-(7)-(6) shown
in Figure 7, which corresponds to pressure changes to
over 10 1 Ton-to 0.8x10 1 Torr. 10056] 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 punp
VP, and the like) and by changing the flow rate
control range of the fluid supply facility A, the

adj ustment range of the flow rate/pressure curve

shown in Figure 7 can be changed. Accordingly, it
beconmes possible that the (25) flow rate range of the
fluid supply facility A and the evacuation capacity
of the wvacuum punp VP, can be appropriately chosen
dependi ng on conditions required for the process
chanber E. By supplying a gas Gv to the vacuum punp
VP (or an exhaust pipe 1-3) through a pressure type
flow controller 4, as shown in Figure 1, it also
becones possible to naintain pressure inside the
process chanber E at a specified pressure val ue by

. adjusting the exhaust capability of the vacuum punp

VR Furthernore, using the enbodi nent shown in Figure
1, when pressure inside the chanber E i s maintained
around 10-2 to ‘
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102 Torr, it is possible to further control the
pressure inside of chanber E to approximately 10-2 to
10-6 Torr by changing the flow rate control range of
the manoneter and the fluid supply facility A In
other words, it is possible to control pressure
i nsi de of chanber E down to approximately 10-2 to 10-6
Torr by operating the nanoneter and the fluid supply
facility A at their lower flowrate ranges. [0057] It
is noted that, with respect to sem conduct or
manuf acturing facilities, the pressure control range
is normally set at 10-2 to 10 1 Torr, and the flow
rate control range Qis normally set at 3 SCCMto
5000 SCCM I nactive gases, such as He, Ar and the
i ke or gases m xed therewith, are used as gases Gv
supplied into the vacuum punp VP for pressure
adjustnents. Feasibility of Industrial Use [00581 The
present invention is adaptable for use for providing a
supply flow rate control of a gas to a process
chanber, or for contr8fPRe®f PrEsure inside a process
chamber and the |ike, within sem conductor
1. manuf8 értamahgresawel qonrelier of achamber charegterized by thatitis so
An internal pressure controller of a chanber
coppiiutact that. 2uith e infemal pressurgocongroien of thecchamber haxingha
the internal pressure controller of the chanmber having
sugplys@gsp Inpug art @psHPAiaoes autpuipgsarty a)gses diowprate mantrol part
gas flow rate control part arranged between the gas
arfanggd balveen the gas @9u€ gartAnd gasunyitput earhsandoa means to
transmt pressure data of the chanber, whereto the
trapsavtarpesire datadofdhe shgmyas whereto the afore-mentioned supply gas -

is outputted, to the afore-mentioned gas flow rate control part, the
afore-mentioned gas flow rate control part is equipped with a plurality of
pressure type flow rate controllers connected in paraliel, and a controller to
control the operation of the afore-mentioned plurality of pressure type flow
controllers, each afore-mentioned 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 the pressure detector, and also a computation
control part wherewith the difference Qy with the set flow rate Qs is outputted to
a control valve as a driving signal by computing the gas flow rate Qc passing
through the orifice with pressure P1 detected by the pressure detector and
formula Qc=KP1 (where K is a constant), thus making a pressure type flow
controlier to be used under a state wherein pressure P1is maintained more than

approximately 2 times of pressure P2on the downstream side of the orifice, and
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IS outputted, to the afore-nmentioned gas flow rate
control part, the afore-nentioned gas flowrate
control part is equipped with a . plurality of
pressure type flow rate controllers connected in
paral lel, and a controller to control the operation
of the afore-nentioned plurality of pressure type flow
control l ers, each afore-nentioned pressure type flow
ntroller conprises an orifice, pressure detector
al ey fam $%s. <018 of the agforemengpned cPé-"’aHYcQ;frﬂ"ﬁéiFUfe dyne flow
@EFﬁlded on the upstream side of the pressur
c BiSole, @ gpRfrolies sontreling, thexgas flowdala rangeps tto 10% of the
wherewith the difference Qy with the set flowrate (s
maximyye fowirate suppligd do fhe @ﬂiam%ﬁrvwhéetfw maining psespuse type
conmputing the s flowrate ¢ passing through the
ﬂ%%??“@leﬁﬁ Lt ‘iS’PE!'@E‘UFé’OPVO'H’éQ thetrest offthe he pressure
detector and formula Qc=KPi (where Kis a constant),
99 {lew falei Rgoe. Anc e, aloreyiantionedupresstite dalads inputisd fo the
used under a state wherein pressure Pi is maintained
afpts-meptioned sppirelier datadiystoa tqopirel siongk & dhe afere-roentiomed
downstream si de of the orifice, and (28) at the sane
PFFF%er tRe Bow: sentediler esan@st torrantrpl dhel gas fiow pates sartbe
pe flow controllers is a controller controlling the
af@@smﬁﬂquaﬂaé WPty to 10% of the naximum flow
rate supplied to the chanber, while the renaining
pressure type fIOMIcontroIIers are controllers
controlling the rest of the gas flow rate range, and
2.t he Andriemalressitg gandiolien of @aghamberi ag gtaimead tio Claien 1,
af ore-nmentioned controller to adjust a control signa
whegeinracoltrofier ifearippad with andaputisettingparttb sat 2 gas flow rate to
so as, to control the gas flowrate to the
bespypRiieddat the ehampes. Natlpsignplaganvemsiompartnipecanyert an input.
ressure controller of a chanber as clained in Caim
value to the input setting part into a flow rate control signal, No.2 ‘signal

conversion part to convert a detected pressure inside the chamber to a flow rate
control signal, and a comparison correction part for flow rate control signals from
both signal conversion parts so as to control the supply volume of a gas into the
chamber by transmitting corrected control signals to all of 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 flow quantity range, while the

other is used for controlling a large flow quantity range.
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wherein a controller is equipped with an input setting
part to set a gas flowrate to be supplied to the
chamber, No.1 signal conversion part to convert an
input. value to the input setting part into a flow
rate control signal, No.2 signal conversion part to
convert a detected pressure inside the chanber to a
flowrate control signal, and a conparison correction
part for flowrate control signals from both signal
4.convépsintainglapresswe enpntiodec ofier shamber asmAipedoinuataing 1,
a gas_into the chanber by transmtting corrected
whergin tlis §p gnades thad the flowfrateh sonfral y8nge of aprresswig type flow
controllers fromthe afore-nenti oned conpari son
capgolierclor arsmallflow guantily rangsria anads tesheiP 4 ~d 0%t efod maxinagm
a chanber as claimed in daim1l1l, whereinit is so
flawatate supplied tp thasehanebarny,whilg thevilovorate opnteal sangecof a pressure
connected in parallel, and one is used for
type flowgioniralierdfos adarge fllownguandityt fangeriamgpsle taie #0t109% of a
other is used for controlling a large flow quantity
maxinmye flow egte sunplietttoithe ehambepr essure control l er of a
chanber as clainmed in Claiml, wherein it is so nmade
that the flowrate control range of a pressure type
flow controller for a small flow quantity range is
5.madeAnointsendl . pres9.ire ofordrofier pfranchaniluar asitclaimed phi @lding 3,
the chanber, while the flow rate control range of a
whereigsitiiseso comditited Whatenplualiteof pressuarel type dowl aontrollers are
guantity range is nmade to be 10-100% of a naxi mum
médete operates stppingewith a prassurd dypeefiow Sontéollar dorea saialler flow
pressure controller of a chanber as clained in Caim
quantitywramgei in tutn. by reearco ok conintlesigndis ttramspiittedafrotny a afignal
pressure type flow controllers are nmde to operate
copvensianngarivfithe eoptradlesur e type flow controller for -a.
smal ler flow

6. An internal pressure controller of a chamber as claimed in Claim 1,
wherein it is so made that an exhaust velocity of the evacuation system is made

to vary due to a gas flowed into the evacuation system.

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 the
chamber by installing a plurality of pressure type flow controllers, at least 4 units,

connected in paraliel.

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
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quantity range in turn by nmeans of control signals
transmtted froma signal conversion part of the
controller. 6. An internal pressure controller of a
chanber as clainmed in Claiml, whereinit is so nmade
that an exhaust velocity of the evacuation systemis
made to vary due to a gas flowed into the evacuation
system 7. An internal pressure controller of a
chanber as clainmed in Caiml, whereinit is so
tranamjtted to préssuratype fisvaeentraligrscaliotied doreall the Bowuplelranges is
to the chanber by installing a plurality of pressure
preyided MWithva faw rate icorirgller,cand the pressurmtype flowgontretiere supply
parallel. 8. An internal pressure controller of a
thersehfilow rate of gesmafterians@cified lapsenbketiree rollowing transmission of
constituted that a rising rate setting nmechani sm of
the @freahentiopadiconf@®jgr@ls.r ansnitted to pressure type
flow controllers allotted for all the flow rate ranges
iIs provided wwth a flowrate controller, and the
pressure type flow controllers supply the set flow
9.r at eAofintgasal giresaura ssipject-fo-eahtioh e olfarhberectiavhtterized) by
transm ssion of the afore-nmentioned control signals.
that it iarso constituted thakissludiagtbd charnbenexhanstedbyta/yscuum pump
chanber characterized by that it is so constituted
artdhagas noppid megans ivhecélaynd desiesthgas isesilippliedawhites its floyw wate is
and a gas supply neans whereby a desired gas is
comitrpliéd, dloe aforé-enantionéd gas sagply means dnequippexbiwith beplurality of
af ore-nenti oned gas supply neans is equipped with a
prpssuraltypeyflowf corndrolieswonneyted in panallelanid atdradlectannect ed
in parallel and a controller to control the operation
coofrol ke aperationesit thenafibregmentibnéd phirality esfs presstngphypel fhow

controllers comprises an orifice, a pressure detector on the upstream side of the -
orifice, a control valve provided on the upstream side of the pressure detector,
and also a computation control part wherewith the difference Qy with the set flow
rate Qs is outputted to a control valve as a driving signal by computing the gas
flow rate Qc passing through the orifice with pressure Pi detected by the
pressure detector and a formula Qec=KP+ (where K is a constant), thus making
each pressure type flow controller to be used under a state wherein pressure P+
is maintained more than 2 times of pressure P2on the downstream side of the
orifice, and at the same time, one of the afore-mentioned plurality of pressure
type flow controllers is made to be a controller controlling the gas flow rate range
up to 10% of the maximum flow rate supplied to the chamber, while the
remaining pressure type flow controllers control the rest of the flow rate ranges,

and furthermore, the afore-mentioned chamber is provided with a pressure
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controllers conprises an orifice, a pressure detector
on the upstreamside of the orifice, a control valve
provi ded on the upstream side of the pressure
detector, and also a conputation control part
wherewith the difference Qy with the set flow rate (s
is outputted to a control valve as a driving signal by
computing the gas flowrate Qc passing through the
orifice with pressure Pi detected by the pressure
defectortand Heddeteriednvidlue @ffkpiprapeure deteeton is dnpitigdttp, the
t hus makin each pressure type flow controller to be
algsemhentiored goptrelles tahadjosthapeantmlirsigral toike tnamitiedete a
nore than 2 tinmes of pressure Peon the downstream side
pressuradype flowicobtroligrdngt cantrel thersuppiyate ohe ges te aechamber,
afore-nentioned plurality of pressure type flow
thyis rery ipterealpressuradé the chambercisreontrolled with rhigho Bteurgey beer
gas flowrate range up to 10% of the maxi mum fl ow
theawide sangel.i ed to the chanber, while the remaining
pressure type flow controllers control the rest of the
flow rate ranges, and furthernore, the
af ore-nentioned chanber is provided with a pressure
t31) detector and the detected value of the pressure
detector is inputted to the afore-nentioned
controller to adjust a control signal to be
transmtted to a pressure type flow controller and
control the supply rate of a gas to a chanber, thus
an internal pressure of the chanber is controlled with
hi gh accuracy over the w de range. (32)
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