W DE RANGE PRESSURE CONTROL USI NG TURBO PUMP Fiel d of
the I nvention [0001] The present invention rel ates
g WO oveioad2by g e field of vacuum punpi ng, andP@DUB2006/038448
particularly, to a method and apparatus for providing
and precisely controlling high vacuum at varying fl ow
rates and pressures. Background of the Invention
[ 0002}V 1B RANGESERBS SURENCONIROBAISIN G T URBOFEHP
require the use of a process chanmber with high vacuum
The vacuum may be required for any of a nunber of
reasons. In sone instances, atnospheric conponents
that could cause a chem cal reaction or physica
damage during a process nust be renoved (e.g., in

vacu |ti,ng of reactive netals such as titaniun).
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es, vacuumis used to disturb an

i 1ibri condi tion.existing at.norpal 0 .

0888k 1  onLhe iasmt insericT ST Shgop LY I e cield Shaguigh pumping,

occl uded or dissolved gas fromthe bulk of materia
ardemegyre, paghéqydastsi, taye Bicthod apd appesatys {pr pegviding and Besiselyi ng

gas fromsurfaces (e.g., the cleanup of mcrowave
cdnidolimechigh nepummnativacting 89w rafecandpresuaksso used in

processes where the di stance nust be extended that a

particle will travel before it collides w th another,

thereby permtting the particles to follow a

Bﬁalé\yioﬁﬁ(%f{l{ee@v‘éﬁ’t%ée bet ween source and target (e.g.,
in

acuum coating, particle accelerators, television
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retact:]tliorll- c])crI plhr}?sical ddmage 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 condition ;:xisting at normal room conditions, such as in removing volatile
liquid or occluded or dissolved gas from the bulk of material (e.g., degassing oils,
freeze-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).



chem cal vapor deposition (CVD) and etching
operations, primarily to reduce contam nation and to
ey WoreooTeesiman ijgle traj ectories. The vacuum syBCBISIING/038448
the invention, while described herein primarily in
connection with a sem conductor wafer manufacturing
operation, may be used in other processes and in
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careful.ly control.l ed vacyum. As_.sh in the exe ar
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_evacuated by a_turbonol ecul ar punp 130. Pressure_in
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one or nore capacitance manonmeter instrunents 112. The
mehefabring opastiorg niay bearsed o1 dthel prycebes did (h reseacshedobivities
measurenents into a tool controller 115 that controls

r&yﬁﬁﬁyyﬁmeq&&mbb@ugg@fahhmﬁiocess. The tool controller
115 conmands a val ve controller 125 that drives a
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in the chanber 110. [0005] A gas flowrate is set by .
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flow rate through the chanber. The mass flow control
evaeiriedbyie tarbematecalar purap $39.| Bisssuae i the prokessshamberr110 is
pressure is adjusted using the throttle valve 120. As
typiatly hemeirnd using ohesmmoreloapacignepaaibmatafiestaimantsal 12. The
volunetric gas flow through the punp. That gas fl ow
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centineters per

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).



m nute (SCCM .[0006] Recently, sem conductor

processi ng requirenents have forced tool manufacturers
1 wa eoois208 Firanger turbornol ecul ar punps to achCEUS2006/038448

| oner pressures with high gas flows. The required gas

flows may sonetinmes be as high as 1000 SCCM

Additionally, a requirenent has arisen for high

[00083sur e, Reostly sumicathiciot progedsihgtrbguifshenessive gorced tool

chanber, for process steps such as a breakt hrough
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[0007] Throttle valve technology s usually based on a
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te valve is co nly, used.as a throttle valve.int
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is rotated into and out of sealing position by a servo
prasegsinghehainbgr, o1f pragase staprpuch ps pbsakihomghetbl int§igrphotoresist
[0008] In order to maintain stable pressure control at
stripwerchimbssiléads, the val ve may be operated in the
20- 80% open range. A graphical view of the flow

[Gmﬁ':aCt er irptdias vabe R b uGllly SRS ofed MEpPed mdRRWBtuator
in FIG 2, where a plot O représents flow'rate 210

f ' Y ” ' e a I
b0 o BT b0y & GBS0 ARLEERL 8 Shplc F pERBAE sue
oes not have an excessively. ] | ar sl gpe
VS i PR Y Ce o R BTA abopthee B dHprEEdh eluphas o
shown is optimzed for |ow pressure, high flow steps. .
peiflulus plate Biabiscogled prt @ad eptRf spaBigRosiiie by arsgeyo motor having a
throttle val ve operates close to open to naximn ze
fiose dugtl@positioutresobitioso open as to linit control
stability. [0010] At higher pressure, high flow
[G0@8i t i ongn biier tohgihiairestabit pesduse edrtids bt 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 not so open as to limit control stability.
[0010] At higher 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.



conpletely closed to limt the conductance of gas to
the turbonol ecul ar punp. In that region the resolution
b T Wotoopnessgrercgyr ol becones |inmted, one stepPCl/US1086/038448

stepper notor results in a big shift in the

conductance and control stability is thereby

conprom sed. [ 0011] For exanple, as shown in FIG 2, to
[00EiLpt ai N Roiggxampis, @s shovasini FGt 2igo aluarthiarhighedn prosaireein the
nmust be operated in the 0-20% open range 260. In that
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peesajyes and lewer Somewherihp aalyp solhmidiag atlares twpgmplerelghpump
stability problem for hardware engineers. [0013] The
withahhemdemsctéraslet pattir essed i n several ways, with only
limted success. For exanple, inert gas has been added

[60a2] he - pr PGS EFasw k@it Ohiglll do@and hixdrégutd) v AW steps in
That technique works relatively quickly, and does
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requirin e operati ottl e val ve outside
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owner shi p and may praqduce unwant ed process fects.
SYqsesE4 FoTREm s HRsIIas eePged fode PTACeS %?@%@ta@f‘ gas load
has been varied to adjust process chanber pressure.
torthe pumec Abpideehniqusor grke cRld st dickdn sind dgec mdergeinprgase the
ef fective punping speed, but requires significant tine
piccedehambergiressaredvitioneteguatng thheparaionrofiiet theattie alyh outside
pressure and | ow pressure steps in the processing
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consumption and cost of ownership and may prpduce 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 presents 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




to productivity. [0015] The backing punp rotationa

speed has been varied to change process chanber

of a primary turbonol ecul ar punp to reduce the exhaust

pressure of the primary punp. Changing the rotationa

speed of the backi ng punp changes the pressure drop
pamp,ahengihg therpromsy ¢hamber pleasuge. Nhat heehpique elss rafuamb excessive

pressure. That technique al so requires excessive tine
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it requires that the backing punp be located at an
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tq%@r ach i% Lgtuse a nore expensive throttle valve
O ar%epg ?Q} Yhotor with nore st eps. That sol ution,
however, is undesirable due to the significant cost.
[00d0k) t y. foetheapprrach isdodise arpsestrepeive threfilsvelve having a
val ves and other forns of backing pressure control to
setommotslr withemone|steps.pilea salutionsf hoaveaver, ourplesipbleadnato dine
attenpted. Each of those cases has focused on the
siggificat eo®penalfy. t he inlet throttling gate valve wth
sonme arrangenent for regul ating backing pressure.
[0b9918] ThepeydeSrhenst pUrEthidiae eRldYard JARE ForkiR J%fb%lkiggd

a vacuum exhaust apparatus and nethod that my be u
' i.ghe , r ol t [
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mai nt enance requi rements than those techni ques
sogg arengpenfJarregiatingeackinganesses” know edge, there is
currently no such techni que avail abl e.
[0018] There is therefore presently a need to provide a vacuum exhaust

apparatus and method that may be used in the higher pressure, lowef 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 throttle valve in communication with the

exhaust port of the vacuum chamber for regulating flow from the exhaust port, a high-
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Sunmary of the Invention [0019] The present invention
addresses the needs descri bed above by providing an
@ppananesfign).exhausting gas from an exhaust POT/USING/@38448
vacuum chanber to maintain a process pressure in the
chanber. The apparatus includes a pressure sensor for
measuring pressure in the vacuum chanber, a throttle
vacahmeuimy o mpwap idet andl afbackhieg podiahs purpp iletafornimicating
vacuum chanber for regulating flow fromthe exhaust
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backi ng port, the punp inlet communicating with the ,
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backi ng val ve based on a neasurenment fromthe pressure
the SFESEHHC Sensordp FaEAAPIPPeSE BEESYSP Bxihg cBambert he

chanber. [0020] The controller may include a processor
[0028]i ng anThepwutrolleomay helude e pseneesos bawog ah arput Gomithé ng

the pressure neasurenment, and outputs to the backing

pré@ubeseditt fohfeotilving thépréssufomesarahang MHHSNIpUE 16 itEcbacking
regul ation signals. [0021] The controller may conprise
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sequenci ng the process chanber through at |east one
cess flow r n 3 essur {
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controlling.an_opening.of the throttle val ve,
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val ve for controlling an opening of the backing valve,

pragrss argsssecsibsnttle Halve penfiollengqnaactod tothe Huottlgarlve for
controller, the throttle valve controller and the

confroHinggn\opleriag o titertbtolttdy valiidh e bpclangsadwe chramllst conagaded to the
medi a for storing conputer readable instructions
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sizes of the throttle

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



val ve and the backi ng val ve based on a neasurenent
- fromthe pressure sensor, to maintain the at |east one
T weemcoseosiiidh Fafie and process pressure in t hePCHEADEE/038448
[ 0022] The pressure sensor may be a capacitance
manonet er. The backing valve may be a butterfly val ve,
pendul um gate val ve or other restricted orifice
tideatlciag vhIOO 2Bichidve atprocks pressuad mehavehaniber thapsrbdteamthose
gate valve. The throttle valve may further include a
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val ve may be controllable'to a finite nunber of
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backi ng valve to achjeve a process pressure in the
C%%rof%ﬁf’%i SQGTSE‘?%%W%?%@@%I@ s pressures
resulting fromtwo adjacent discrete throttle valve
[W36hi ng’ sAnether grobabimentaf the igreionas mstheddor gpnimglling a
chanber may be maintai ned w thout changing a
prootstpressade is peechund clhidneet by bepoiatieg eklzauspgasglowif® &6 an
Anot her enbodi ment of the invention is method for
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regulati ng exhaust gas flow ng from an exhaust port of
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he vacuu hanber , ~control | i an_openi ng _.of
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to the turbonol ecul ar punp based at .| east in_ part.on
besed apleasidn part P A pigssuRafeading, Hia thpptile,yalee epraeRpving 2
having a preferred operating range, and controlling a
piedigrkidrp eteding eangswirst qontrailing atbaekingivtuerdpwasiteam ofihgp t o
mai ntain the throttle valve opening within the
tpbehelecdar mpey @t maigtainthg ehroftBG2Ee opheingetithodthermyefatrab
i nclude the step of reading conputer executable
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 throttle 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




instructions froma storage nedia, the instructions

being for performng at |east a portion of the nethod.

readi ng a signal received froma capacitance

manoneter. The step of controlling the backing val ve

may include rotating a butterfly valve. The step of
pro&fRt plshur&th the ehapissiting idfetw b thbseqiredess m@bsneesmagulting from

i ncl ude advancing and retracting a pendul um gate
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c@a&%gﬁgo%@%swﬁﬁﬁ@égf%%@Wa{%f R¥™Phe opening size of
t he backing valve to achi eve a. process pressure in
[00BH chanbarothé¢rmbjodiment wé the intrnsen fragaeded forexbapsting gas
resulting fromtwo adjacent discrete throttle valve
fropenietiast Z@sof { GR30h chhabar addsough 8 igbomolepulthpump, to
chanber may be controll ed w thout changing a
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canemyuhieatiomgvigna bpdkinignrprsofzhe pimp foygegilagsmaeanepression ratio of
comruni cation with a backing port of the punp for
the @gitpatlihe @peniag sipessfthothrotde valvetind 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.



the punp. The opening sizes of the throttle val ve and

t he backi ng valve maintain the process pressure in the
B we beroengiiQ08al The throttle val ve may be cone€DUSHDé/E38448

to a finite nunber of discrete opening sizes, in which

case the step of regulating the backing valve further

conprises regulating the opening size of the backing

[0034Me to BIGHIZENQ gPapblod&BES opEEES WEreud flow bite Edranthedretical gate
that is between those process pressures resulting from

vilWo adj acent discrete throttle valve opening sizes.
Brief Description of the Drawings [0033] FIG 1 is a

mat i cgh agram,show t he functi,on I n of -a
BREr o ¢ Fner et e g i ik Bt Sy R B 3y og 2
graph of val ve opening versus flowrate for a
chﬂg@reé(g%sépp@gqtgs Jespidang foghapresent ggventions 5 schemati ¢
di agram showi ng the functional elenments of a vacuum
[08%6hust aPBards adlagh clingtim ghawing hengthebaogording/ermmieon.
[0036] FIG 4 is a block diagramshow ng a net hod

erabedim@hingf thoingagiodnbodi ment of the invention. [0037]
FIG 5 is a block diagram showi ng a nmet hod accordi ng
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the I nvention [0038] The present invention is a system

exﬂﬁ‘cgdiﬂi%ﬁth&qhé %l;}% }/Oggm cally adjusting the effective

punping spee a large turbonol ecular punp that is
used in conmbination with a throttling gate val ve
bet ween the turbo punp and a process

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 invention 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 pump. 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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chanber. The system and nethod all ow a wi de range of
stabl e pressure control. [0039] The invention will be
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process chanber for processing senm conductors is

evacuated. One skilled in the art will recognize that

the system nay be used in other applications requiring
[0b4gh vacuBymdditig b sidgplé,earde contiod Shlve Boh 6.2 fudiBAB] vaieeto the

invention utilizes the conpression properties of
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spe e 1 nlet port” of the punp. The conpression
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change in the backi ng pressure w II result in a change
white infpgoying prespiure sesohudiop @odiaqnt@y. addi ng a si npl e,

coarse control valve such as a butterfly valve to the
[0b42jki ng pAnK exahpluatyeenihodioen 30D ofithd spstemi dfithgin@ention is shown

controller with appropriate pressure control
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punpi ng speed of the punp, lowng the inlet throttle
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pressure resolution and” con
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a process gas is introduced through a mass, fl ow
exgBiptes b 2505¢5 6.6 PandiiEe @%815%0%?93 iYBlve wathontegrate copfrpler,
val ve 320 is provi ded between the process chanber 310
mamfacuried blyoid T déaliremveunipA 3. HaplgeS whizastantle Ona kkidledagthe art
may, for exanple, be a Series 65.0 pendul um pressure
witlogt s @lizeviBhiv@hom tyltbslomuﬁguﬂatveﬁzes; GatH 83 thalitionahpaté aglvey; ety be
by VAT Vakuunventile AG of Haag, Switzerland. One
usSkilled in the art

[0043] The valve is controlled by 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 extremes
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



will recognize that other types of throttle val ves,
such as traditional gate valves, may be used. [0043]

ot

Wiile the controller 325 of FIG 3 is shown separately
fromthe val ve 320, the controller 325 may instead be
integrated with the valve 320 in a single, conpact

a ppekag exhdusDAAlitldhalvé hanifattered iy WK S A0strrayentd, Ihd. o€ a
steppi ng notor for positioning the pendulum plate, as

WirSinEe a0 A2 DONSskiitEinThe SrD&iREYG6Hi 20BEt RherltPesRITREAIRI]

invention is that a standard throttle valve wth a
' torL. LI oplLE i ce may be used,

v B S, REUHP R FoLhpR R bER AT RN LC 081 ¢ oni ng

resol ution near._ t extrenes.of .tr | . of .the val ve.
(60865 oA e GORFIRPFIqRE ?ﬁ?ﬁ%%ﬂ%{ﬁlﬁ@u it

330 is a backing valve 340 of the invention. The
comdiokengay be standalonaayinireral. Toopevlening saye ortsbackingsialve

butterfly valve. For exanple, in one enbodi nent of the
néedvu@hbé ostepping nivdarkdsngused liv theitlrattieppdve] b& eahastsad be a

throttle val ve manufactured by MKS Instrunents, Inc.

1oRfer¥bdtNdoatiePpositidhindMeigeki | [ ed in the art will
recogni ze that other types of control valves may be

[dggﬁf as t R%%Q%%h{rgﬂer\é% Y€cothediftro BYEME 4 ﬂgneg [RQFHe pRessure

roller controls positioning of t ackl ng
val.ve 340. .That controller may be stand-al one or
iy 32 e SRR ety R e R s fper
need not be a stepping notor as._is used in the
cqpdigates theprpsess stenf o pEpomplsieddn theepracssy arakesst |
coarser positioning device. [0047] A tool controller
[0948] | s coAresitmdonboleadéD maydesngnbleddedol riming wsteny e
transducer 312, which may be a capacitance manoneter.
cot®] safolare emily asld caut-dbwn tviwaion 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 throttle
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 controller 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

11



coordi nates the process steps to be conpleted in the
process chanber. [0048] A systemcontroller 350 nay be
T waeoogbeoRiad 1LPG. munni ng syst em control  sof t warBCHUSIN06EE38448

a cut-down version of CPC control software avail able

from ASC Process Systens of Sylmar, CA. The system

controller 350 is connected for receiving information
néted that by twaodr mars tof tose tordddbletsnayuist intpgtatel méd asihglend

desi red process chanber pressures. The system

cERRYIEPTdr 8bnttilifd &8 sgﬁé}ﬁ%ﬂrﬁﬁn{ré}nﬁ)ﬁe throttle valve
controll er 325 and t he backing valve controller 345,

i nstryct: : '
(RB8oct i VA YRR o RRRIE o Fhy bR A i inbotle
al gorithnms stored in,the system controller, which
R o e TGP P BRERHESE SBTE Egn G BRI Bhens T Hass)
The tool controller 315, valve controller 325, system
restpesrat-l er 350 and val ve controller 345 conprise an
overal |l controller 360 for regul ati ng openi ng sizes of
[a05&] t hr ot Almeetiad 4@0 fon dorthelitag iokess padsvere lia s gdcumm chamber
nmeasurenent fromthe pressure sensor. Wile the

adcReiNg fHBE inveRtidiok sBéven A BIGS ROWhe peRAraisedontrolledbiregdlating
it should benoted that any two or nore of those

g7 B ot PSS
' ' [ 360 n '
R T M R A

t hose prograns_to_inplenent new process recipes, etc.
Newio 81 prominetifdhroidnvlss 1scopirelnd (iep 4%%9 seedae %'P&é%péhe

in a vacuum chanber according to the invention is
exthaosirportrio MreGurbomotivalap pumpulde icgnted is based afdetsy in part on the

regul ati ng exhaust gas flowi ng froman exhaust port of
piteheiry seading Thattettle anldeobeminghasa 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 a 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 a 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.
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turbonol ecul ar punp. Initially, a pressure is read
(step 420) in the vacuum chanber. Next, an openi ng of
g SW@200M00008, e iahye is controlled (step 430) to PELUBHDE038448
flow fromthe €xhaust port to the turbonol ecul ar punp.
The control is based at least in part on the pressure
reading. The throttle val ve opening has a preferred
[00p4Y at | ngTh@ﬂﬁ@groilﬁém&ai]ledBDMEibﬁmicha|bE end@avosd seheingin every
the turbonol ecul ar punp is controlled (step 440) to

L PRIsRafi etk Blnblafy, ¥ HR QRS VATan thB k¢bpk BEthe invention
eferred operating range. [0053] Another enbodi nent

Y

. f. the.neth f _the ventiQn i.s..sho [ .
el neh S i s Sl 8 e B BT e nik Sty
of vacuum chanber and, t hrough a turbono] ecul a unp,
ragher %@rrhﬁlai aigns g stepreted gordxisstodhg g@%ﬁ%ﬂé@@%ﬁ@ﬁ%ﬂﬁ@
in the chanber. The method begins by neasuring (step
p@ag)ass. prasxample] whilhihessgemns désartbest as cantrolbiag pregswie 2ad
of a throttle valve in conmunication between the
flex i a sémpponductdr préwesstag chambendniney akdrtdatizety be used in

t urborol ecul ar punp is regul ated (step 530). An _
coHP@IMiBA withZRyQhstem RefiifPhigR VGl K NOHRIuRaékR08d at fhe

a backing port of the punp for regulating a

CERIERS, 0 B B 3, 10 G e 1 o
gl 3P0 5 BECHTR VS TE RREREES s it

Detailed Descriptionis to be understood as being in

inghe pj withepedaparting fiom teisgepeaaid spite b theripyenligh. not
restrictive, and the scope of the invention disclosed
herein is not to be determ ned fromthe Description of
the Invention, but rather fromthe Cains as

“interpreted according to the full breadth permtted by
the patent |aws. For exanple, while the systemis
descri bed as controlling pressure and

T
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flow in a sem conductor processing chanber, it may
alternatively be used in conjunction with any system’
e e W g,@q]Aqgizoeg:,;;;mil..gn;,,;,m@cuum It is to be under st oodPETIHS20061638448
enbodi nents shown and descri bed herein are only
illustrative of the principles of the present
i nvention and that various nodifications may be
Wihgipd ciredtied by t hose skilled in the art w thout
departing fromthe scope and spirit of the
invention.What is clainmed is; 1. An apparatus for
exhalsti ng gssagpaginaier extirasisng g6 ftompan exhaastpent of a vacuum
chanber to nmaintain a process pressure in the chanber,
2 cleoher isimaigtain a prassdressasia dic dhambee @stmpiisiggpr essur e
in the vacuum chanber; a throttle valve in

3 COMMYBicRairk Ohs¥t fob nidauRiReksire RO tHe VRbu @haG4UM
chanber for regulating fl'ow fromthe exhaust port; a

hi gh: ' ' [
¢ porc e HEEHETRRATR BRI bl FR0r DB ghamber
val ve; . a backing,valve in conmmunication with the punp
3 foﬁéﬁgﬂ?%’d‘gﬁﬁ)r“f E'f’g’rgtthﬁlEﬁuéttROﬁtg fl ow from the backing
port; and at |east one controller for regulating )
6  opent Righsvageem pumprhavingagumpeindes pyd 2 haekipgeorh dbgapupp inlet
val ve based on a neasurenent fromthe pressure sensor,
7 cammmaicatieg with Hee throaddegdver essure in the chanber. 2.
The apparatus of claim 1, wherein the at |east one
g  cont s bhdkeg COVIN ®asn@ticdteaithane piin GasEas phia Yorggating
i nput fromthe pressure sensor for receiving the

0 f1B% i vEERRE HEAERe and outputs to the backing valve
dThrs e Ve

an rottle I ve for sending opening size regul ation

—

10 st g ngtl 184st one controller for regulating opening sizes of the throttle valve and the
11 backing valve based on a measurement from the pressure sensor, to maintain the

12 process pressure in the chamber.

1 2. The apparatus of claim 1, wherein the at least one controller
2 comprises at least one processor having an input from the pressure sensor for receiving
3 the pressure measurement, and outputs to the backing valve and throttle valve for

4  sending opening size regulation signals.

1 3. The apparatus of claim 1, wherein the at least one controller

2 comprises:

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

5 a throttle valve controller connected to the throttle valve for controlling an

6  opening of the throttle valve;

14



3. The apparatus of claim1, wherein the at |east one
controller conprises: a tool controller connected to

g Wa, hlmppmtz_sg%{@%, Bensor for sequenci ng the procesBCTONE033448

~

10

11

12

13

14

aundt Huast V)

t hrough at | east one process flow rate and process
pressure; a throttle valve controller connected to the
throttle valve for controlling an opening of the

t hr ok bhekinvgavales conraiikit copnsméd/te thobdckilg vatvecfoncatiodlihg am
t he backing valve for controlling an opening of the

Oggﬁﬁ%@@myggﬁﬁﬁgﬁyw%;@mprocessor I n communi cation with
he Tool controller, the throttle valve controller and

t he [ 3 ) i

st or A85CeR i telfinGAGHIA i e L RE HRRRERRE R Ve
I nstructjon xecutabl e by the processor. fo .

PR S B sueler e gRoRrar Brting Slovesansetia fe
backi ng val ve based on a measurenent fromthe pressure

storing epmputer ieadableinpiradiiensexacetable bynke prosesserisior Fepwatiag e
and process pressure in the chanber. 4. The apparatus

opdningd szemol thenhentidé mlvthendpthe bsakires wdvestlased en a measurement from
capaci tance manoneter. 5. The apparatus of claiml1,

thahRERhR sbiker, 8 elainigin e MedsBore RUEdsSfbvitatéaht ®rolss prBsure
apparatus of claim1l1, wherein the throttle valve is a

iPeodl e 0at e valve. 7. The apparatus of claim 1,
lrp\;\ﬁer éinthe throttle valve further conprises a
st eppi ng notor positioning device.

4. The apparatus of claim 1, wherein the pressure sensor is a
capacitance manometer.

5. The apparatus of claim 1, wherein the backing valve is a butterfly
valve.

6. The apparatus of claim 1, wherein the throttle valve is a pendulum
gate valve.

/
7. The apparatus of claim 1, wherein the throttle valve further

comprises a stepping motor positioning device.

8. The apparatus of claim 1, 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.
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8. The apparatus of claim 1, wherein the throttle
valve is controllable to a finite nunber of discrete

By Wop@mong iz aew.pand wherein the control ler is Par/UBING/038448

—

for regulating the opening size of the backing valve
to achieve a process pressure in the chanber that is
bet ween those process pressures resulting fromtwo
adj acent discrete throttle val ve openi ng sizes.9. The
appagat us ofThelapparaths ofitleine i pwhdreinphicomesss flowwateznd the
and the process pressure in the chanber are nmaintained
bl PrdssierB {0 e RBarAbdrQk dniaRahe SR RES Ghanghfy dodhiovialcspeed of
punp. 10. A nethod for controlling a process pressure
LR:a anber by regul ati ng exhaust gas fl ow ng
ﬂ??%%%é%ﬁex aust port of the vacuum chanber and through
a turbonol ecul ar punp, the nmethod conprising the

step of : readj,ng.a pressure in the vacu er ;

cont 11 i ng AREBBE A G EP et Gl GOATR Shigper by

flow fromthe exhaust port to the turbonol ecyl ar pu
rogpleing sxbauaes owing-em g exhaishpatel fhe VAL #ﬁ@hﬂﬁ %nrﬁo

throttle val ve opening having a preferred operating
thrawrgher tughothodesniar plunprige matnsldomprishigvke geperadt r eam of

the turbonol ecul ar punp to maintain the throttle val ve

openidadingiatphéssure e thervabwim ebbralpey at i ng range. 11. The

nmet hod of claim 10, further conprising the step of:

r eadpdifrofl {eniBy @€ HHRABUR vaRttb Wl 8180w M the exhaust port
storage nedia, the instructions being for perform ng

e ' f
e BB A LOEAPE B0 G BB v
V%}Z‘?}E&P@‘Er I Srggrsl_larv?nagde{ ;prgfe%eﬁ o Qraa{ingr Fa%%é;va?ﬁg froma capacitance

controlling a backing valve downstream of the turbomolecular pump to

maintain the throttle valve opening within the preferred operating range.

11. The method of claim 10, further comprising the step of:
reading computer executable instructions from a storage media, the instructions

being for performing at least a portion of the method.

12. The method of claim 10, wherein the step of reading the pressure

comprises reading a signal received from a capacitance manometer.

13. The method of claim 10, wherein the step of controlling a backing

valve comprises rotating a butterfly valve.

14. The method of claim 10, wherein the step of controlling the opening

of the throttle valve comprises advancing and retracting a pendulum gate valve.
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13. The nmethod of claim 10, wherein the step of
controlling a backing valve conprises rotating a
Wohoresfbs imahygy 14. The method of claim 10, PEEDEI006/038448
the step of controlllng the opening of the throttle
val ve conprises advancing and retracting a pendul um
gate val ve. 15. The nethod of claim 10, wherein the
step of controlling the opening of the throttle val ve
conpri.ses adheatdthngl of ckimdPj whemeni the step o tomirdlingg the opening
device. 16. The nethod of claim 10, wherein the
oftthd @irdtt1e vk ¥8mbisds Abfubid ARkwhih©mdtdripakitiening '@f@ﬂbe of
di screte openi ng sizes, and wherein the step of
controlling the backlng val ve conprises regulating the

openjgg si thﬁféne:t:}f;b% rgg%&lﬁh% eoﬁér% thQ tfﬁSi!?l'teQ/\éﬁzea}s PDSRGASHSle to

pressure in't hat tween those process

ssur.es rom.two
o SRTRER o bl g 2 48 W%Jfffemrﬁ’@ SrecdioanSeling e
10, wherein the process flow, rate and the process
bagking yatve cPAPEises regHaIg: the PRENiRHSiZO 1Bg bagkingyalve to achieve a
changing a rotational speed of the turbopunp. 18. A
proesshpressuge inethh sbanberdhag issbetwenn thosegxheass prepowres rgsuldng from
vacuum chanber and through a turbonol ecul ar punp, to
twiBididcantrdiscr e Gaosls valve 9peting kiked. he chanber, the net hod
conprising the steps of: neasuring a pressure in the
vacuum chanber; regul ati ng an openi ng size of a

throt#l e valyg mémdamlaﬂhq@t WhsreREhYBRR edsROvR Y@ REL the
port of the vacuum chanber and the turbonol ecul ar

0t SO DB RSl KL Ml kbor
ggglatlng a conpression ratio of the punp;

the

18. 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;

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.

19. The method of claim 18, wherein the throttle valve is controllable to

a finite number of discrete opening sizes, and wherein the step of regulating the
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wher eby regul ati ng the opening sizes of the throttle
val ve and the backing val ve mai ntain the process
P W @e@Sou2es iy ihg.gghanber . 19. The net hod of cl BETUSRN6/038448

wherein the throttle valve is controllable to a finite
nunber of discrete opening sizes, and wherein the step
of regul ati ng thebacki ng valve further conprises

3 backing wiverfrthbeconpmiven eephlariag tfe dplerinp atzeiof theviakckiag tvalve to
achi eve a process pressure in the chanber that is

4 abIREVRERotROPRsAIESEER RIBBSURASs BetWobi hogk Froedts h¥&Rsures
adj acent discrete throttle val ve. openi ng si zes.

5  resulting from two adjacent discrete throttle valve opening sizes.
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