PCT/11S2006/038448 WIDE RANGE PRESSURE CONTROL USING
o s BHMP Field of the Invention [0001] The present inveption relates
1 w‘%—gﬁ?a IS‘/Z?%' Wil of vacuum pumping, and more particulg#yT,/ b4 6/038448
method and. apparatus for providing and precisely controlling high
vacuum at varying flow rates and pressures. Background of the Invention
[0002] GafAINgRIeaIEPRASIIARE REWING IOBRIRE ORI NP Of @
process chamber with high vacuum. The vacuum maybe required for any
of a number of reasons. In some instances, atmospheric components that
could cause a chemical reaction or physical damage during a process
must be removed (e.g., in vacuum melting of reactive metals such as
titanium). In other instances, vacuum is used to disturb an equilibrium
Froa@tian axietngoat normal room conditions, such as in removing volatile
liquid or occluded or dissolved gas from the bulk of material (e.g.,
[degassing oil%ie firesze:dryingpordietteseirgl gas tie fetd Facesu(engpnthping,
cleanup of microwave tubes during manufacture). Vacuum is also used in
arpl ocesses ivodidthie distethod mdsipberatusdbelechthding padtiglecisdlytravel
before it collides with another, thereby permitting the particles to follow a
caabidlon et canmsenbetveern s fure eatsachtargeiséargs, i vacuum coating,
particle accelerators, television picture tubes). Finally, vacuum is used in
preparing clean-surfaces, by reducing the number of molecular impacts
per second. That decreases the chances of contamination (e.g., in
Baldanr-eumthoé e flinswsich preparation of pure, thin films). t If~~ 11 w(r)
2007/0a4z9MI~1,ilall Pr'170s2006i038448 [0003] in semiconductor wafer
[09@Hessing, (eeriaimTscarsdorad nrnuigtfiing processes require the use of a

process chamber with high vacuum. The vacuum may be required for any of a number
of reas;)ns. In some instances, atmospheric components that could cause a chemical
reaction or physical dainage during a prdcess must be removed (e.g., in vacuum melting
of reactive metals such as titanium). In other instances, Vacﬁum is used to disturb an
equilibrium condition ~exis‘ting at normal room conditions, such as in removing volatile
liquid ’or occluded or dissolved gas from the bulk of material (e.g., degassing oils,
freéze~drying) or in desorbing gas from surfaces (e.g., the cleanup of microwave tubes
during manufacture). Vacuum is also used in processes where the distance must be
extended that a particle will travel before it collides with another, thereby permitting
the particles to follow a collision-free course between source and target (e.g., in
vacuum coating, particle accelerators, television picture »tubes). Finally, vacuum is
used in preparing clean surfaces, by reducing the number of molecular impacts per
second. That decreases the chances of contamination (e.g., in clean-surface studies and

preparation of pure, thin films).



chemical vapor deposition (CVD) and etching operations, primarily to

inati imi ' jectories. The vacuum

o wEEIIGR 4 £RFIMINation and to maximize particle trajectorie

T, "SyS‘t‘é'h‘T"'lfﬁ%ﬁé"'iM’i@Mﬁbn, while described herein primarily in c&’ﬂéﬂﬁ%@mss‘m
with a semiconductor wafer manufacturing operation, may be used in
other processes and in research activities requiring any of the above uses
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equipment such as a dry etcher typically operates in the 2-25

cﬂéﬁﬁéHf%[&ﬁ%wéH&F&fiﬁ%ﬂ%ﬁ@f%?é&fé‘g@f%ﬁé%%éﬁ%@ﬁﬂ%%t&?ce

exemplary systém 100 of m IS” evacuated by

c&ﬁ%@ﬂ&%ﬁ%ﬂ@%@%ﬁrﬁ&@'gsafﬁ%%ﬁjg&g}%ﬁ%%s%gﬁﬁ% Qggté%oo'ﬁhe

typically measured using one or more capacitance manometer
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manometer measurements Into a tool controller that con S an
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controller 125that drivesa stepper motor ‘on a vane or pen

rdliRiHe wal 6420 Maredsbenyestg chamber 110 and the

turbomolecular pump 130. Changing the size of the opening of the throttle

[o6dMg 120 chapges e Dressursyim, e @Qﬂﬂ?&ﬁﬁ%ﬁ{g&%‘?ﬁ%ﬁt g%ingﬁ\égwdry

rate’is set by setting a mass flow control 105 to mal cons

cf@ie: BraLan BsLReMR%he bSs Wﬁﬁ%%%gg%g? AI0INS Igl%er%ﬁ.?ﬁé[facrgntmlled

mass flow rate as the chamber pressu Justed using t ottle

v¥AE 1 20 ASvHPROMEE Dy INEJRARRUDR i&gﬁ%‘? qd, IS QR mber 110 is

dll
volumetric gas flow throughthe” pump. That gas ovila ay be measure
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typically measured using one or more capacitance manometer instruments 112. The

chamber pressure is controlled by feeding manometer measurements into a tool
controller 115 that controls and sequences the overall process. The tool controller 115
commands a valve controller 125 that drives a stepper motor on a vane or pendulum-
type throttle valve 120 placed between the chamber 110 and the turbomolecular pump
130. Changing the size of the opening of the throttle valve 120 changes the pressure in
the chamber 110. |

[0005] A gas flow rate is set by setting a mass flow control 105 to maintain a
constant flow rate through the chamber. The mass flow control maintains a constant
mass flow rate as the chamber pressure is adjusted using the throttle valve 120. As
used herein, the term “pumping speed” refers to a volumetric gas flow through the
pump. That gas flow may be measured, for example, in standard cubic centimeters per

minute (SCCM).



[0006] Recently, semiconductor processing requirements ha_lve forced tool
B 1w ers.fp | WII larger turbomolepular pumps to achieve lower
T presz{ﬁg?\%ﬁiﬁ"’ ﬁ%gﬂf ’} as flows. The required gas flows may SOG4 L8448
as high as 1000 SCCM. Additionally, a requirement has arisen for high
pressure, low flow conditions in the processing chamber, for process

[660BF Such amaxa?y;eﬁ%&mm PSRN AIIERIST AN R.0L F2BRGH!

clean. [0007] Throttle valve technology is usually based on a stepper

niRIPAAGNARY iRAING3 e e BarSl RRSEIORSANALILGBR ASSURErE With

example, a pendulum gate valve is commonly used as a throttle valve in

hiB® gut fldvesPanuibRiaate Mave Dam R soRRAHIE, bIAe ihALS FRRIRSCM,

into and out of sealing position by a servo motor having a finite angular

Ausitiannesehdipn-[00R81 SRR MAAILSIRPIS PRI WS SRS iR he

lower pressures, the valve maybe operated in the 20-80% open range. A
peasHdiaglcHawHet the o eharpeterialics Al BlRRRsaHF AL IR NalY BHStoresist
shown in FIG. 2, where a plot 230 represents flow rate 210 as a function
sirgive epaning pesgentage 220. It can be seen that in the 20-80% open
range 240, the plot 230 does not have an excessively small or large

[6bene, permittingslaklaeaatelo IAOPRI Eha RIS R YSIRILSPANR S ctuator

optimized for low pressure, high flow steps in a semiconductor processing

hESeipe WRedntheudr ot alie aneiates clesmio PRERIARIRIPE M gate

conductance but not so open as to limit control stability. [0010] At higher

vEFRSRUEEmMARTHAWeaRM URRNID QAheotllenvalve 1HRIRRghIGRHIRIE Y ve has a

closed to limit the conductance of gas to the turbomolecular purnp. In that

peRgigndhsl srsokition pipiasr e contul Resamesslimiiad, 08-wIsR hgving a

stepper motor results in a big shift in the conductance and control stability

Fisitheng0lsCHBRRIBASS uBon.

[0008] In order to maintain stable pressure control at lower pressures, the valve
may be operated in the 20-80% open range. A graphical view of the flow
characteristics of a theoretical gate valve is shown> in FIG. 2, where a plot 230
represents flow rate 210 as a function valve opening percentage 220. It can be seen that
in the 20-80% open range 240, the plot 230 does not have an excessively small or large
slope, permitting stable control.

[0009] The example system shown is optimized for low pressure, high flow
steps in a semiconductor processing recipe where the throttle valve operates close to
open to maximize conductance but nét so open as to limit control stability.

[0010] At highe; pressure, high flow conditions the throttle valve is almost
completely closed to limit the conductance of gas to the turbomolecular pump. In that
region the resolution of pressure control becomes limited, one step of the stepper motor

results in a big shift in the conductance and control stability is thereby compromised.
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P "Wslr);anf af?r 91% drbtédzures in the chamber, the valve must beP§p‘¥Pa%"86|’r?38448
the 0-20% open range 260. In that region, however, a very small change
in valve opening yields a very large change in flow rate, causing instability

[00L0E pressurereRptidle ThadHiRiSIHE@Ditoto SRR Ab N B s sures in the
pressures and lower flows when the valve is throttling a large

cHAFRON QIRCHHRFIHTIP bW HPPalRE0R Hiamei®y, BiRinners 4062 I g eeiof,

low pressure, high flow and high pressure, low flow steps in the same

heeeipe: AlseRresanteAusianiiicant Ipaility Riokie viay hatsh e S0GINTRRISte,

[00131 The problem has been addressed in several ways, with only

cHitRAnSHerRSSinHAE Brambleeinat JanRashechassie te the RIIGE $Scher

gas flow to add gas load to the pump. That technique works relatively

pridiaby ARd seasipagehicieasetBes BIRARRMRGNRRBe DRSS WItho

requiring the operation of the throttle valve outside its preferred operating

widngearkbaitpesaiauet pewever, significantly increases gas consumption
and cost of ownership and may produce unwanted process effects.

[4093141 The miatiopakIpeedREine HEhGIBWRRI AIgh PasRaeyR s teps in
adjust process chamber pressure. That technique also produces the
tiesiieckeEippaR I hefieatve sUIRING SEFEEY BHIRAVISSSIaN iR dilRrs.
to decelerate and accelerate the rotor between high pressure and low

[@ESSUre StephdRitE RRIeRSsien 186i0&d he J8tationalySReRE GlaNgkited
often takes more than 60 seconds, and presents an unacceptable penalty

siiocREedwet eitynipR ] ikt hashackisghpidaya etationalcspees TRwR8Q[Ad gas load
varied to change process chamber pressure. A backing pump is

tcnpienly Tbadidemingieatel 8l pivaBrultkpg meledsda iHidemiterkads o8
the exhaust pressure of the primary pump. Changing the rotational speed
pofdie diagkirg frossirehatigrs ibqupingshsa péanioceSheharpridative outside
its preferred operating range. The technique, however, significantly increases gas
consumption and cost of ownership and may prqduce unwanted process effects.
[0014] The rotational speed of the turbo pump rotor has been varied to adjust
process chamber pressure. That technique also produces the desired change in effective
pumping speed, but requires significant time to decelerate and accelerate the rotor
between high pressure and low pressure steps in the processing recipe. The rotational
speed change often takes more than 60 seconds, and present‘s an unacceptable penalty
to productivity.
[0015] The backing pump rotational speed has been varied to change process
chamber pressure. A backing pump is commonly used downstream of a primary

turbomolecular pump to reduce the exhaust pressure of the primary pump. Changing

the rotational speed of the backing pump changes the pressure drop across the primary



4 ,~'Wo 2007/044298 ;ii |; Pcr/usuuiFiossaas pump, changing the process
e essyre. Jhat technique also requires excessive i
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change't “thamber pressure. Additionally, it requiresthat
backing pump be located at an exact and consistent distance from the
turbo pump for chamber- to-chamber repeatability, [00161 Another

p\app) ohshcis Faiser 6c 8O R RXPENSVE IR OBy 2R IIGVENGsa rBeHvR MM sive
with more steps. That solution, however, is undesirable due to the

tirgig ifigamnizeast peswaky cHaabEL dlesstise olarhanaiNartiqieibetualvas Bating
other forms of backing pressure control to control the inlet pressure of a

pubpdploTas heeseottem piediskatili aiibo $R 6a8RI110S fRetSe8:ARihder-

replacement of the inlet throttling gate valve with some arrangement for
torelutairg dprakdbipressure. [00181 There is therefore presently a need to
provide a vacuum exhaust apparatus and method that may be used in the

[obiger pressyreiengpHEWIPIORESSES nidad arp-ARPRANRELIS ¥8B/e having a
manufacture of semiconductor wafers. Particularly, the technique should

sebemewredponsivestand Malemienad HithcadowWenaRsiand Bweb the
maintenance requirements than those techniques currently used. To the

signviodatSoknenigige, there is currently no such technique available.
Summary of the Invention [00191 The present invention addresses the

[0022Ms descriiedisbotexhypt vidingoalt apRakaibs s Xbats vl aasng
from an exhaust port of a vacuum chamber to maintain a process

prpsessusenttdhie chatrdetic Tile apgatatustinaldsle s assueesensehfed. Each
measuring pressure in the vacuum chamber, a throttle valve in

ofthosmcaicatianfadtizdhenakbasishponical diehedaluihehambentoralve with
regulating flow from the exhaust port, a high

some arrangement for regulating backing pressure.

[0018] There is therefore presently a need to provide a vacuum exhaust

apparatus and method that may be used in the higher pressure, lower flow processes

that are appearing in the manufacture of semiconductor wafers. Particularly, the

technique should be more responsive, and implemented with a lower cost and lower

maintenance requirements than those techniques currently used. To the inventors’

knowledge, there is currently no such technique available.

Summary of the Invention

[0019] The present invention addresses the needs described above by providing
an apparatus for exhausting gas from an exhaust port of a vacuum chamber to maintain
a process pressure in the chamber. The apparatus includes a pressure sensor for

measuring pressure in the vacuum chamber, a throtile valve in communication with the

exhaust port of the vacuum chamber for regulating flow from the exhaust port, a high-
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5jj ,,w0.2007i04429R PCT/US2006i038448 vacuum pump having a
n acking port, the pump inlet communicating h
wé 9599(1419%5?*4‘;‘1: ﬁ% § cilji £2§06/03844s

ti"ﬂ*O'tt & vaty ng valve in communication with the pump
port for regulating flow from the backing port, and at least one controller
for regulating opening sizes of the throttle valve and the backing valve

vadsasedpummg measyrment iikruibe bieBsiY pEensepimpRIREIAHRnicating
process pressure in the chamber. [0020] The controller may include a

wiitogessestiaviaygn pitifioralihenpesswisi SaRsowies tRepiMinodRing port
pressure measurement, and outputs to the backing valve and throttle

fovabilairgefdindropeningasided egttlatithnasignalsnt@2tolike ©eniealefing
may comprise a tool controller connected to the pressure sensor for

omRihie BeifioihB Prpeess ellamber ity oughal JeRs PReDMACERRIIVERME: from
and process pressure, a throttle valve controller connected to the throttle

theaedore canise/iogamnppetisgrotibephvaiile ualue cadasking valve
controller connected to the backing valve for controlling an opening of the

[0baoking valvEh@oshadliacessdniludonrstRigataawithihentas rantiler,
the throttle valve controller and the backing valve controller. The

pIBESeRSSAsbef sietaiany atipfesato g cammpeieairpsiablas RSt cterag
executable by the processor for regulating opening sizes of the throttle

valatvenanirthigebagkintvedudibaspendipaimeasuieneani sram. the pressure
sensor, to maintain the at least one process flow rate and process

[opgagsure in thieeclormblts: RH2SJmhespreasilieraaoHer foadeeea to the pressure
capacitance manometer. The backing valve may be a butterfly valve,

sepetidinttisaqyeie vl vkeqrrotbey desircicthoiibedryitend033]sT e whisilend
valve may be a pendulum gate valve. The throttle valve may further
privvasdier es steg i tigrotdtonpesibatiisig:temeec{Q02AhERBr tinetitelvalse may
be controllable to a finite number of discrete
controlling an opening of the throttle valve, a backing valve controller connected to the
backing valve for controlling an opening of the backing valve, and a processor in
communication with the tool controller, the throttle valve controller and the backing
valve controller. The processor has storage media for storing computer readable
instructions executable by the processor for regulating opening sizes of the throttle
valve and the backing valve based on a measurement from the pressure sensor, to
maintain the at least one process flow rate and process pressure in the chamber.
[0022] The pressure sensor may be a capacitance manometer. The backing
valve may be a butterfly valve, pendulum gate valve or other restricted orifice device.
[0023] The throttle valve may be a pendulum gate valve. The throttle valve
may further include a stepping motor positioning device.

[0024] The throttle valve may be controllable to a finite number of discrete

opening sizes. In that case, the controller is further for regulating the opening size of



opening sizes. In that case, the controller is further for regulating the

B (92&]312694%%&?@"@"&Ff""ﬂ , "If" .wo 2007/04429s1lill a ~P ~r I4.!i)g§%gén()06 1038448
s2006ro € ©

saas t 'éjilelng valve to achieve a process pressurein

chamber that is between those process pressures resulting from two
adjacent discrete throttle valve opening sizes. [0025] The process

tHUBRSEE, Whihe 1ehambes Mavhespriskawaiivdtbiouhehangindatriationak

speed of the turbomolecular pump. [0026] Another embodiment of the

pioveRtieasisraetbatties conralisimcBROERSER SREMHIR Wafy ¥ 3FHM sizes.
chamber by regulating exhaust gas flowing from. an exhaust port of the

0@E)uUM chambepapekiyrRyal SRRt aap BB hatheinatethout

includes the steps of reading a pressure in the vacuum chamber,

c%@f@@ﬁo@dﬁ&ﬁﬁ@?@d@ﬁﬁ@t@iﬁ@d@%@m frawpate flow from the exhaust
ec

port to the turbomolecular pump based at least in part on the pressure

[68261ing, the thiotttle: ¥bBRRERIRT iha\Hi@idy efern PR BlRGNANYQ
and controlling a backing valve downstream of the turbomolecular pump

plecRgiptaisutbedhreiiaalve.anRpingrvdiieaibe sigieriad MReHIAGm an

range. [0027] The method may also include the step of reading computer

ey iR AR Rions dRMRSiamecTRadiautbenidRMghopsReiNthidh ethod
performing at least a portion of the method. [0028] The step of reading

itfledyessuRvaY ibwdutiesr sadingasipnabcesel\@anirem R £RPREIEICEpening
manometer. The step of controlling the backing valve may include

ofolatiagls Parttelyryalvae Tlae, Fiom dheariobingibe openinsridhedargitep
valve may include advancing and retracting a pendulum gate valve.

bie28] ithe sieR0baant léegitbecaprrinBeahibaltvatie yadve pimyinglkde
actuating a stepping motor positioning device: The throttle valve may be
peafpiredlabl@ating range, and controlling a backing valve downstream of the
turbomolecular pump to maintain the throttle valve opening within the preferred
operating range.
[0027] The method may also include the step of reading computer executable
instructions from a storage media, the instructions being for performing at least a
portion of the method.
[0028] The step of reading the pressure may include reading a signal received
from a capacitance manometer. The step of controlling the backing valve may include
rotating a butterfly valve. The step of controlling the opening of the fhrottle valve may
include advancing and retracting a pendulum gate valve.
[0029] The step of controlling the opening of the throttle valve may include
actuating a stepping motor positioning device. The throttle valve may be controllable

to a finite number of discrete opening sizes, in which case the step of controlling the

backing valve comprises regulating the opening size of the backing valve to achieve a
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to a finite number of discrete opening sizes, in which case the step of

Q N9 kKing valve comprises regulating the openi
a%&é%aﬁt lf iHieve a 7 jri" "j1-,,Ava,20Q7/04429R Bl ﬁzﬂ&fﬂﬁsm

IFJJ. lirlf Pe noszoobmasaa8 process pressure in the chamber that is
between those process pressures resulting from two adjacent discrete

priv@iisaaiie RResicr:siBestA0sBkTne Pracesppresspresiuitierehatitpefiom
may be controlled without changing a rotational speed of the

egisaeRump{093klApethes aapgodiment of the invention is a
met od for exhausting gas from an exhaust port of a vacuum chamber

[0886} throughradyibessolaesardin T dRarMRINGMY BRIOSRSH T @a8MEt in
the chamber. The method includes the steps of measuring a pressure in

cHARNRCHHRERRINRR I eg Wttt anspankRgsEs. of a. throttle valve in
communication between the exhaust port of the vacuum chamber and the

[obghomoleciandierimiBoEFRauFting Akpen tosizalefdrbackingsyaly g4n
communication with a backing port of the pump for regulating a

rERMRREHIN patia ok theupHMpatberopeninewiEesebihiadiaite yaive, to
and the backing valve maintain the process pressure in the chamber.

miR9321 4 pr thioilesvalvenmay dambatroiabied &l findr desiesteddiscrete

opening sizes, in which case the step of regulating the backing valve

mBASRSE COPBLIeS ineBe MlingihenapdRinesizetithe Baakingsval\e iahrottle
achieve a process pressure in the chamber that is between those process

vANeSEWeEHRsWEnen R Bae hdiatenitissteittibratiarattaapaning the
sizes. Brief Description of the Drawings [0033] FIG. | is a schematic

ueegielgtslhping fhadusgiinrakele oienia Ofiadsity baskvag wulvedxhaust
apparatus.

communication with a backing port of the pump for regulating a compression ratio of

the pump. The opening sizes of the throttle valve and the backing valve maintain the

process pressure in the chamber.

[0032] The throttle valve may be controllable to a finite number of discrete

opening sizes, in which case the step of regulating the backing valve further comprises

regulating the opening size of the backing valve to achieve a process pressure in the

chamber that is between those process pressures resulting from two adjacent discrete

throttle valve opening sizes.

Brief Description of the Drawings
[0033] FIG. 1 is a schematic diagram showing the functional elements of a prior

art vacuum exhaust apparatus.



If ~FIf:~:: w(r) 2007/044298 ,It;| iltl.ft. PCT/IJS2006/038448 [0034] FIG. 2

R f Malye opening versus flow rate for a theoretical lve.
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"""" dematic diagram showing the functional eleme
vacuum exhaust apparatus according to the present invention. [0036] FIG.
4 is a block diagram showing a method according to one embodiment of
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according to another embodiment o vention. Description of the
varention [0038] The present invention is a system and method for
dynamically adjusting the effective pumping speed of a large

[obyHpMolecuaGPYRIR, Yaakis-useHabr 50 SHRAIO MY &HHAHIBG Galcor o

valve between the turbo pump and a process chamber. The system and

vARRIROEkAHAY FpPHESILNgs A0 I8 PHRsSUe AR [0039] The

invention will be described with respect to one embodiment in which a

[0pB@FesS ChapibeyRriRERSANS 2. RHEAAAY GIRISHS EXacHRIRE Sng skilled
in the art will recognize that the system may be used in other applications

erh®aHIHNG Mg Y aRUbSuUch as research instruments. [0040] The
invention utilizes the compression properties of turbomolecular pumps to
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compression ratio of a turbo pump is usually such that as the backing

erPhBasMER Chamgsayvatipinlet pressure remains constant. However, above
a certain backing pressure (that is determined by the turbo pump rotor

design) a change in the backing pressure will result in a change in the
inlet pressure. 9

Description of the Invention

[0038] The present invention is a system and method for dynamically adjusting
the effective pumping speed of a large turbomolecular pump that is used in
combination with a throttling gate valve between the turbo pump and a process
chamber. The system and method allow a wide range of Stable pressure control.

[0039] The mvention will be described with respect to one embodiment in
which a process chamber for processing semiconductors is evacuated. One skilled in
the art will recognize that the system may be used in other applications requiring high
vacuum, such as research instruments.

[0040] The invention utilizes the compression properties of turbomolecular
pumps to dynamically adjust the pumping speed at the inlet port of the purﬁp. The
compression ratio of a turbo pump is usually such that as the backing pressure changes,
the inlet pressure remains constant. However, above a certain backing pressure (that is
determined by the turbo pump rotor design) a change in the backing pressure will result

in a change in the inlet pressure.
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e v O olrgi simple, coarse control valve such as a butterfly valve
PL W%o%ﬁi%g%ﬁl' éjrl?gﬁt‘@‘f the turbo pump and providing a controller WHR™*¢/038448

appropriate pressure control algorithms, one can dynamically reduce the
effective pumping speed of the pump, allowing the inlet throttle valve to

[oegen in the Hjiﬁﬂﬁ%%@i Y6, QRARERBERoIWAHR LIRS RIEFR RiLve to the

resolution and control. [0042] An exemplary embodiment 300 of the

bRYSEPAR! HIRHBYEHIRuIRS BRI diHE 2o Bt SR IMEPh A RFRE8SES

gas Is introduced through a mass flow control 305 into a process gas

coRRRITNBbRMEn 4 SREAHR ¥AueRARYS RAMEGRI RRIWERHIAEHRECGRRA of the

chamber 310 and a turbomolecular pump 330. The th%%&gpva ve 320 may,

puRh, QXRHRIG tHE AISEHES B RIRE RS BIER rERSWEGODIrSY e it ange,

integrated controller, manufactured. by VAT Vakuumventile AG of Haag,

wirdiaesianthnessitledsindhenmawiigaognize that other types of

throttle valves, such as traditional gate valves, may be used. [0043] The

[ogabye is contigllgebhy, Bralua, cantaleNndr Mihilethe Kont et 83Pi9khown

FIG. 3 is shown separately from the valve 320, the controller 325 may

iniPEtead e thalegrBIRAMER eryalve 33 Qsimainela tRAIPRGLARSKAGS- control
[0044] The throttle valve 320 may utilize a stepping motor for positioning

3dbenencidbrt Rialehas isaussed ahovR Jane 95the advantageset e

present invention is that a standard throttle valve with a stepping servo
priRtrpasitiening daviceambRcHRE Sumithesl. the dissgivrniages saussd for

by the positioning resolution near the extremes of travel of the valve.

exRAAR] Bntleacking sideuaithe tubReIRRI IRERYMRIBEAHS AR B ler,

valve 340 of the invention. The backing valve 340 may be a low-cost,

mERMETRIIPA TOvHRE-VelMae AT BRampies kiorRa RNDoHNGM &f thehe art

invention, the backing valve is
will recognize that other types of throttle valves, such as traditional gate valves, may be

used.

[0043] The valve is controlled byA a valve controller 325. While the controller
325 of FIG. 3 is shown separately from the valve 320, the controller 325 may instead be
integrated with the valve 320 in a single, compact package.

[0044] The throttle valve 320 may utilize a stepping motor for positioning the
pendulum plate, as discussed above. One of the advantages of the present invention is
that a standard throttle valve with a stepping servo motor positioning device may be
used, without the disadvantages caused by the positioning resolution near the exiremes
of travel of the valve.

[0045] On the backing side of the turbomolecular pump 330 is a backing valve
340 of the invention. The backing valve 340 may be a low-cost, coarse resolution

butterfly valve. For example, in one embodiment of the invention, the backing valve is

10
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e "'u"'...w%‘ﬁﬁﬁiz%‘%ﬁ_ﬁéh'f"?“'e valve manufactured by MISS Instruq;%}‘l)‘isjsig{?6 /(%fs 148

rrgtort; t"{‘é skilled in the art will recognize that other types
control valves maybe used as the backing valve of the invention. [0046] A
controller 345 controls positioning of the backing valve 340. That

a SroleEmasbe AR Aens atitiagred. thiereshisningservadosthe

backing valve need not be a stepping motor as is used in the throttle

WialR o MRy 056 gk el an Py er cAStraRarEes BOsiiaNg savige ol 7]

A tool controller 315 is connected to receive a signal from the pressure

varaasaidgere3ikdd Whieh BRav ke rIceRAdanseanometer. The tool
controller further coordinates the process steps to be completed in the

[0vgEIess chambehultIR48l48 sysiRIR poaH R ITAHVBYRENRNB8dded hat

PC running system control software such as a cut-down version of CPC

cHARSIRY SRAVR Stav@ilaiie HiomeAyalC PiosesHE Sisierasval oy tRakaliih oThigve

system controller 350 is connected for receiving information from the tool

néQiRligy Sdibpprelbdinebing actiad anghdlestiar VIRCeBSIGRAIRGad be a

pressures. The system controller is also connected to the throttle valve

1oseatilierc3dhabiipRRgkdegivalve controller 345, and instructs those
controllers to open or close their respective valves according to pressure

[ouTyrol algopthnbcsiaretdn3ng is\ehampceanisatesiwhi ShErRIel tBlgpRiSure
from the tool controller 315. [0049] The tool controller 315, valve

ireRatioles B2 Svisyhtatmyosni eleicdaicanthnaheeeOMieltie b Bdneompfaaher
an overall controller 360 for regulating opening sizes of the throttle valve

candiihebackingcsivichasedotmpiaasuienanbiandhsdpassure

sensor. While the individual controllers are shown separately in FIG. 3, it
[o9asyld be A system controller 350 may be'an embedded PC running system
control software such as a cut-down version of CPC control software available from
ASC Process Systems of Sylmar, CA. The system controller 350 is connected for
receiving information from the tool controller 315 including the actual and desired
process chamber pressures. The system controller is also connected to the throtile
valve controller 325 and the backing valve controller 345, and instructs those
controllers to open or close their respective valves according to pressure control
algorithms stored in the system controller, which interpret signals from the tool
controller 315.
[0049] The tool controller 315, valve controller 325, system controlier 350 and
valve controller 345 comprise an overall controller 360 for regulating opening sizes of

the throttle valve and the backing valve based on a measurement from the pressure

sensor. While the individual controllers are shown separately in FIG. 3, it should be

i1



11 "11,wry 2007/044295 nil Iki, '~.u tbPCTius2006/038448 noted that any

e woveenaneig of those.controllers may be integrated into a singl ler
for controllir’ig'ﬂﬂﬂsﬂy!s’”fem of the inve:nition. [0050] A diagnostic‘l:% S C

workstation 370 may be provided to program the controller elements of
the system, and to change those programs to implement new process

naeibts; ety {0051 rvmettthdséddaniientradingedmepeasd piRSsLE:IR a
vacuum chamber according to the invention is shown in FIG. 4. The

cpréssimefis contrilied fhy regudatiofthexhaustqgas flowing from an exhaust
port of the vacuum chamber and through a turbomolecular pump. Initially,

[605fssure isréagisteip $20)imtie aoutn bbamRededNSRRREPRRIBENtroller

of a throttle valve is controlled (step 430) to re plate, flow from the
céthenistofdint tythentuniibio clemgartipimprobhersontialikhrsed st Igastis

part on the pressure reading. The throttle valve opening has a preferred
reppeaticig. range, [0052] A backing valve downstream of the

turbomolecular pump is controlled (step 440) to maintain the throttle valve

[@fEHing withinthethpreder dor eeratinia g angecc{0palsARaing K arbatiment or
500 of the method of the invention is shown in FIG. 5. That method is for

aesdvdlirsgingtigai frariioan sesthaus t pBIChia Tae ghesoheneehtNB INPUIR Rting
turbomolecular pump, to maintain a process flow rate and a process

ephessugesifl thingtamben. ckheustgibnd DeginschymeRsHHRGLIRITRE2E) A
pressure in the vacuum chamber. An opening size of a throttle valve in

tobemmnieiokionibptwesiallye aexhaust oradf Mep4RUUMED ANRRHAA NS

turbomolecular pump is regulated (step 530). An opening size of a
Neatkimgppeieg infeoimottinivatienindtinadidKingppt plothex MBSV from the

regulating a compression ratio of the pump is also regulated (step 540).
exhaust port to the turbomolecular pump. The control is based at least in part on the
pressure reading. The throttle valve opening has a preferred operating range.
[0052] A backing valve downstream of the turbomolecular pump is controlled
(step 440) to maintain the throttle valve opening within the preferred operating range.
[0053] Another embodiment 500 of the method of the invention is shown in
FIG. 5. That method is for exhausting gas from an exhaust port of a vacuum chamber
and through a turbomolecular pump, to maintain a process flow rate and 2 process
pressure in the chamber. The method begins by measuring (step 520) a pressure in the
vacuum chamber. An opening size of a throttle valve in communication between the
exhaust port of the vacuum chamber and the turbomolecular pump is regulated (step
530). An opening size of a backing valve in communication with 2 backing port of the
pump for regulating a compression ratio of the pump is also regulated (step 540).

Regulating the opening sizes of the throttle valve and the backing valve maintain the

process pressure in the chamber.

12



Regulating the opening sizes of the throttle valve and the backing valve
o o intal e process pressure in the chamber. 12 20071044 L GliU ~
FL T W%ﬁﬁflﬂ‘%8*1”/“@20061038448 [0054] The foregoing Doty idssss
Description is to be understood as being in every respect illustrative and
exemplary, but not restrictive, and the scope of the invention disclosed
[008igin is notipye deterpunad KM e RasCIPIPRQliNg dvaniViktin every
rather from the Claims as interpreted according to the full breadth
reRFERNRERY e RRieahiaNS, Farexampleivdile hasysssbisiessiiaadn
as controlling pressure and flow in a semiconductor processing chamber,

diddRayialieEnatvabl RevdSRIHhiRON HAGIRR YWEE-ARY SY Stank BqtkiiRe, igh
vacuum. It is to be understood that the embodiments shown anti

radesaHBadheraii e ORbPlensipive Rl ibe Prircinies:efdhe, RiBsRM by the

invention and that various modifications may be implemented by those

patkiieawid) ther st MBo W BiepariBesERsthe:s58Re AN aRBITRE essure and
invention. 13 LLOYD WIS Claims. 1. An apparatus for exhausting gas

AERTh AEHAMIBRR HbBc MR M ERAMPRIAP SIRLAINLH PEOERSIn

pressure in the chamber, comprising: a pressure sensor for measuring

cAIRSSHER I RGNAGYHENCRAMBEE 18 oA tHAte Valve D 6omHMLIIsal Ry

the exhaust port of the vacuum chamber for regulating flow from the

erBXDAMSERE Hh SIH IRV ASIAARE D UBIN MG K PURRAHHRL ANHABABKING of the
port, the pump inlet communicating with the throttle valve; a backing

péabYe iveRTYRURIC Ao R WMER AR BYPRIBAS KRG BOThiBlemented by those skilled

in the art without departing from the scope and spirit of the invention.

13
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10 regulating flow from the backing port; at least one controller for p
regulating opening sizes of the throttle valve and the backing valve based ~ LLOYD WISE
on a measurement from the pressure sensor, to maintain the process
pressure in the chamber; wherein the at least one controller comprises: 15
a tool controller connected to the pressure sensor for sequencing the
process chamber through at least one process flow rate and process
laims:~
pressure; a throttle valve controller connected to the throttle valve for

controliing an gpening of the dhiatie vale: 20aRRAcKRG YA comrolier

connected to the backing valve for contrdlling an opening of the backing

VA& ANCha RIRGERS AT M EOMANYRIcRELMH MULa the ToRhSUMEAIBE NS mprising:

throttle valve controller and the backing valve controller, the processor

having storage i ediRsior ORI SOMRIERE Eeada iesUMSliORS chamber:;
executable by the processor 14 LLOYD WISE, for regulating opening

sizes of thgdhiretigvalye e HipRaskinHAYELERRSRR SoMRAIHELRR MM

from the pressure sensor, to maintain the at least one process flow rate

BREAMGSY %ﬁ@%ﬁdmﬁw fFhRMREeRAuANRRParatus for exhausting
gas from an exhaust port of a vacuum chamber to maintain a process

pressUEe RO ANAMPBUABTMBURIBS: PUNASTYER BRBSPLIVKIGASYFNthe pump

pressure in the vacuum chamber; a throttle valve in communication with
tARexbaRLRIAG ShRiRaW iR ehgenkaydor regulating flow from the

exhaust port;

a backing valve in communication with the pump backing port for
regulating flow from the backing port;

at least one controller for regulating opening sizes of the throttle valve
and the backing valve based on a measurement from the pressure sensor, to
maintain the process pressure in the chamber;

wherein the at least one controller comprises:

a tool controller connected to the pressure sensor for sequencing
the process chamber through at least one process flow rate and process
pressure;

a throttle valve controller connected to the throttle valve for
controlling an opening of the throttle valve;

a backing valve controller connected to the backing valve for
controlling an opening of the backing valve; and

a processor in communication with the tool controller, the throttle

valve controller and the backing valve controller, the processor having storage

media for storing computer readable instructions executable by the processor

14
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10 a high-vacuum pump having a pump inlet and a backing port, the pump
inlet communicating with the throttle valve; a backing valve in LLOYD WISE
communication with the pump backing port for regulating flow from the
backing port; at least one controller for regulating opening-sizes of the
throttle valve and the 15 backing valve based on a measurement from the
ressure sensor, to.maintain t? rocess pressure in the chamber;
SRR RTINS e BN IS XY@ RSP BF gl based on

0 ening sizes ﬁ&d Wef@gzrein the controller is further for regulain the

AiAg LoLS? RIRSSTAVESSIRAEVE DBt reRt fshape process

gp%vmr%(%r thﬁé IS getvxsleenr égogeezlg %{oc siﬁessures resulting from two
at%acen?(%s rBIE TRt VaiVE ope ﬁ& #e2%'3 A method for controlling

a process pressure in a vacuum chamber by regulating exhaust gas
flowing from an exhaust port of the vacuum chamber and through a

turbomeleculap pumiarigsmatbadkcomBriping the stepd Als2pdeddigRuum
pressure in the vacuum chamber; 15 LLOYt WItl1l: controlling an opening

chartiratte malveaio sgyodats ffoves Stomitheeximust pediptkeg:

turbomolecular pump based at least in part on the pressure reading, the

throttle aRIGSBfepRNG A dRiNgeaPraferpsesoper it nasyecohaniiery a

backing valve downstream of the turbomolecular pump to maintain 5 the
throttle YAVEIHERI WRPTIMHBI(HEar ALY disePatiRy SR RIECEING WAfsHeim chamber
to? }Qra}gtenva}‘\é% if? co ttrog%pl% %9 a finite number of discrete opening

S|zes,gan Wher&in e s?ep Of Contro ling the backing valve comprises

fegu'atié‘%iﬂ}ﬁvé’&ﬁl?#‘&uﬁ%ﬁ%f/ﬁh’@ DAGKIPHIANRIR BERIEYS SR UFEFImp inlet
pressure in' the chamber that is
communicating with the throttle valve;

a backing valve in communication with the pump backing port for regulating flow
from the backing port;

at least one controller for regulating opening sizes of the throttle valve and the
backing valve based on a measurement from the pressure sensor, to maintain the
process pressure in the chamber;

wherein the throttle valve is controllable to a finite number of discrete opening
sizes, and wherein the controller is further for regulating the opening size of the

backing valve to achieve a process pressure in the chamber that is between those

process pressures resulting from two adjacent discrete throttle valve opening sizes.

3. A method for controlling a process pressure in a vacuum chamber by
regulating exhaust gas flowing from an exhaust port of the vacuum chamber and
through a turbomolecular pump, the method comprising the steps of:

reading a pressure in the vacuum chamber,;

15
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between those process pressures resulting from two adjacent discrete

throttle valve 10 opening sizes. 4. A method for exhausting gas from an LLOYD WISE

exhaust port of a vacuum chamber and through a turbomolecular pump,
to maintain a process pressure in the chamber, the method comprising
the steps of: 15 measuring a pressure in the vacuum chamber; regulating
an opening sjze of a throttle valve in communication between the exhaust

port of fifé r%ﬂ%@Pc?l%ﬁ?ﬂﬁ‘groéﬁuﬂfﬁ%ti_ﬁ%ﬁé?e@ﬁﬁ?%fﬁ&é%%?éﬁa““ port
%ethg‘{%'ﬁﬁ’&é"o%@ g%'grﬁ oliable ig }%aé'ﬂgﬁ pyymber,of discrete onening o wrottie

sizes; regulating an INg size o klng valve i communlcatl%n Wit

FNAEIPENIRE Rerhgfdhraptinag tggerrgg%a,tgp@@ compression ratio of the
pump; whereby regulating the opening sizes of the throttle valve and the

backingvativdlinm aihkaikitlyes pracess tessuref ith éhietloanleey | ansbiwbeaoeimintain
the step of regulating the backing valve further comprises regulating the

SRR HIFRts 28 lve PRePRSKIEN Vel ReefatkR oBeaabRCEROBI@SSUre in the
chamber that is befween thT e process gressures 25 resulting? from two

adjacert ISP YRSHYSHS VA \\?%i (FERiEY MR Lo gdinite number of discrete opening

sizes, and wherein the step of controlling the backing valve comprises regulating the
opening size of the backing valve to achieve a process pressure in the chamber that is

between those process pressures resulting from two adjacent discrete throttle valve

opening sizes.

4. A method for exhausting gas from an exhaust port of a vacuum chamber
and through a turbomolecular pump, to maintain a process pressure in the chamber,
the method comprising the steps of:

measuring a pressure in the vacuum chamber;

regulating an opening size of a throttle valve in communication between the
exhaust port of the vacuum chamber and the turbomolecular pump and wherein the
throttle valve is controllable to a finite number of discrete opening sizes;

regulating an opening size of a backing valve in communication with a backing
port of the pump for regulating a compression ratio of the pump;

whereby regulating the opening sizes of the throttle valve and the backing valve
maintain the process pressure in the chamber; and wherein the step of regulating the
backing valve further comprises regulating the opening size of the backing valve to
achieve a process pressure in the chamber that is between those process pressures

resulting from two adjacent discrete throttle valve opening sizes.
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