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Field of the Invention
The present invention relates to valves for regulating chamber
pressures of process chambers used in the fabrication of
5 semiconductor integrated circuits. More particularly, the present
invention relates to multi—phase breéssure control valves for the

rapid and accurate attainment of interior chamber gas pressures of

process chambers such as etch chambers and CVD chambers.

Background of the Invention

10 Integrated circuits are formed on a semiconductor substrate,
which is typically composed of silicon. Such formation of
integrated circuits involves sequentially forming or depositing
multiple electrically conductive and insulative layers in or on thé
substrate. Chemical vapor deposition (CVD) processes are widely

15

used to form layers of materials on a semiconductor wafer. CVD
processes include thermal deposition processes, in which a gas is
reacted with the heated surface of a semiconductor wafer substrate,
as well as plasma-enhanced cvD processes, in which a gas is
subjected to electromagnetic energy in order to transform the gas

20 into a more reactive plasma. Forming a plasma can lower the



2 tenperature required to deposit a |layer on the wafer substrate, to
increase the rate of |ayer deposition, or both. After the nmaterial |ayers
are formed on the wafer substrate, etching processes may be used to form
geonetric patterns in the 5 layers or vias for electrical contact between
the | ayers. Etching processes inclu "wet" etching, in which one or nore
chem cal reagents are brought into direct contact with the substrate, and
"dry" etching, such as plasnma etching. Various types of plasnma etching
processes are known in the art, including plasm etching, 10 reactive ion
(RI') etching and reactive ion beametching. In each of these plasm
processes, a gas is first introduced into a reaction chanber and then
plasma is generated fromthe gas. This 1is acconplished by dissociation of
the gas into ions, free radicals and electrons by using an RF (radio
frequency) generator, which 15 includes one or nore el ectrodes. The

el ectrons are accelerated in an electric field generated by the

el ectrodes, and the energized electrons strike gas nolecules to form
whi ch strike additional gas

addi ti onalgj.0 ee radicals and el ectrons,

nol ecul es, ealg%fati%%e piraSa gy ERAt RBISE thec bapsr st frlsustadieti BobsThgtd ONS,

free 20 ragdi electrans in the plasm react chemcally with the
adiralse il ¢les oF iayer depggition, or both. Y

After the material layers are formed on the wafer substrate,

etching processes may be used to form geometric patterns in the

5 layers or vias for electrical contact between the layers. Etching
bProcesses include “wet~” etching, in which one or more chemical
Teagents are brought into direct contact with the substrate, and

“dry” etching, such as plasma etching. Various types of plasma
etching processes are known in the art, including plasma etching,

10 reactive ion (RI) etching and reactive ion beam etching. In each
of these plasma processes, a gas is first introduced into a
reaction chambgr and then plasma is generated from the gas. This

is accomplished by dissociation of the gas into ions, free radicals

and electrons by using an RF (radio frequency) generator, which

15 includes one or more electrodes. The electrons are accelerated in
an electric field generated by the electrodes, and the energized
electrons strike gas molecules to form additional ions, free
radicals and electrons, which strike additional gas molecules, and

the plasma eventually becomes self-sustaining. The ions, free

20 radicals and electrons in the plasma react chemically with the

layer material on the semiconductor wafer to form residual products



| ayer material on the sem conductor wafer to formresidual products 3 which
| eave the wafer surface and thus, etch the material fromthe wafer.
Referring to the schematic of Fig. 1, a wafer processing system such as
an etcher or CVD chamber, is generally indicated by 5 reference nuneral 10.
The processing system 10 includes a rgaction chanmber 12 having a typically
grounded chanber wall 14 closed by a chanber top 18. Source gases for
waf er processing are provided by a gas supply 20. The gas supply 20 is
coupled with the reaction chanber 12 through a gas control panel 22, which
selects and 10 controls the flow of the source gases into the reaction
chanber 12. A sem conductor wafer 34 is supported on a wafer chuck 36 in
the reaction chanber 12. Volatile reaction products and unreacted plasm
or gas species are renmoved fromthe reaction chanber 12 by a gas renova
mechani sm such as a vacuum punp 24 through a 15 throttle valve 26. The
reacti on chanber 12 may be a plasma etching chanber, in which the plasm
formed in the chanber 12 includes high-energy ions, free radicals and

el ectrons which react chenmically with the surface material of the

seni condyBish fedee the wefesr avrbaceian thus, etch the material from the

wafer.

Referring to the schematic of Fig. 1, a wafer processing

system, such as an etcher or CVD chamber, is generally indicated by

5 reference numeral 10. The processing system 10 includes a reaction
chamber 12 having a typically grounded chamber wall 14 closed by a
chamber top 18. Source gases for wafer processing are provided by

a gas supply 20. The gas supply 20 is coupled with the reaction
chamber 12 through a gas control panel 22, which selects and

10 controls the flow of the source gases into the‘reaction chamber 12.
A semiconductor wafer 34 is supported on a wafer chuck 36 in the
reaction chamber 12. Volatile reaction products and unreacted
plasma or gas species are removed from the reaction chamber 12 by

a gas removal mechanism, such as a vacuum pump 24 through a

15 throttle valve 26.

The reaction chamber 12 may be a plasma etching chamber, in
which the plasma formed in the chamber 12 includes high-energy
ions, free radicals and electrons which react chemically with the
surface material of the semiconductor wafer 34 to form reaction

20 products that leave the surface of the wafer 34, thereby etching a



20 products that |eave the surface of the wafer 34, thereby etching a 4
geonetrical pattern or a via in a wafer layer. The reaction chanber 12 may
be a CVD chanber, in which gases are introduced into the reaction chanber
12 and a plasnma may be fornmed fromthe gases in the reaction chanber 12.
In a heterogenous, or surface 5 catalgyzed reaction, the gas or plasma
deposits a solid filmon the surface of the wafer 34. By regulating the

fl ow of gases fromthe interior of the reaction chanber 12 to the vacuum
punp 24, the throttle valve 26 of the system 10 is typically used to
control the interior pressures 10 of the reaction chanber 12. A
cross-sectional view of a conventional butterfly-type throttle valve 26 is
shown in Fig. 2. The conventional butterfly-type throttle valve 26
includes a cylindrical valve wall 27, in which is pivotally nounted a vane
28 at a pivot point 29. Upon flow of gases 30 fromthe reaction 15 chanber
12 to the vacuum punp 26, the vane 28 pivots fromthe position indicated
by the solid lines to the position indicated by the dashed |ines, thereby
regulating the flowrate of the gas from the reaction chanber 12, and
thus, theTHteri oA prRRsififa ofTt Re Videat®i 8n waf@¥bekay®r. The reaction

chamber 12 may be a CVD chamber, in which gases are introduced into
the reaction chamber 12 and a plasma may be formed from the gases
in the reaction chamber 12. In a heterogenous, or surface-

5 catalyzed reaction, the gas or plasma deposits a solid film on the

surface of the wafer 34.

By regulating the flow of gases from the interior of the
reaction chamber 12 to the vacuum pump 24, the throttle valve 26 of
the system 10 is typically used to control the interior pressures

10 of the reaction chamber 12. A cross-sectional view of a
conventional butterfly-type throttle valve 26 is shown in Fig. 2.
The conventional butterfly-type throttle valve 26 includes a
cylindrical valve wall 27, in which is pivotally mounted a vane 28
at a pivot point 29. Upon flow of gases 30 from the reaction
15 chamber 12 to the vacuum pump 26, the vane 28 pivots from the
position indicated by the solid lines to the position indicated by
the dashed lines, thereby regulating the flow rate of the gas from
the reaction chamber 12, and thus, the interior pressure of the

reaction chamber 12.



5 As shown in Fig. 3, an alternative conventional gate-type throttle valve
38 includes a cylindrical valve wall 39 having a vane 40 slidably nounted
through a slot (not shown) in the valve wall 39 and pivotally nounted to
the valve wall 39 at a pivot point 5 41. The vane 40 pivots to the open
position shown in Fig. 3 from a clogfd position inside the valve interior
42 of the throttle valve 38 to establish flow of the gases fromthe
reaction chanber 12 to the vacuum punp 24. The vane 40 partially bl ocks
the valve interior 42 to prevent uninpeded flow of the gases, thereby 10
regulating the flow rate of the gases through the throttle valve 38, and
thus, the pressure of the gases in the reaction chanber 12. One of the
limtations inherent in the conventional single- unit throttle valves is
that the valves are characterized by an inordinately |ong response tine
upon initial flow of gases into the 15 reaction chanber in order to
establish the desired pressure for the etching or CVD process. The val ves
are incapabl e of achieving both pressure accuracy and pressure
stabilization at the desired value in a short period of tine

e of i 1T ShO R o et uht P 90 S ABEEY At RN SO LoRB GHECF VPR a e
and int erih@brehaNheivdass includes a cylindrical valve wall 39 having a
vane 40 slidably mounted through a slot (not shown) in the valve
wall 39 and pivotally mounted to the valve wall 39 at a pivot point
5 41. The vane 40 pivots to the open position shown in Fig. 3 from
a closed position inside the valve interior 42 of the throttle
valve 38 to establish flow of the gases from the reaction chamber
12 to the vacuum pump 24. The vane 40 partially blocks the valve
interior 42 to prevent unimpeded flow of the gases, thereby

10 regulating the flow rate of the gases through the throttle valve

38, and thus, the pressure of the gases in the reaction chamber 12.

One of the limitations inherent in the conventional single-

~unit throttle valves is that the valves are characterized by an
inordinately long response time upon initial flow of gases into the

15 reaction chamber in order to establish the desired pressure for the
etching or CVD process. The valves are incapable of achieving both
bressure accuracy and pressure stabilization at the desired value

in a short period of time. Consequently, the gases flowing through

the processing system from the time of initial gas flow onset until

20 stabilization of the gas flow rate and interior chamber gas

pressure, tend to be wasted. Accordingly, a new and improved,



pressure, tend to be wasted. Accordingly, a new and inproved, 6 nulti-phase
pressure control valve, characterized by quick response or pressure
stabilization tinme as well as pressure accuracy, is needed for

sem conduct or processing systens. An object of the present invention is to
provide a new and 5 inproved, nulti-gphase pressure control valve for
process chanbers wused in the fabrication of sem conductors. Another object
of the present invention is to provide a new and inproved, nulti-phase
pressure control valve for the quick and accurate stabilization of
pressure in a process chanber. 10 Still another object of the present
invention is to provide a new and inproved, multi-phase pressure control
val ve which may be wused in a, variety of process chanbers for

sem conductor fabrication. Yet another object of the present invention is
to provide a 15 new and inproved, multi-phase pressure control valve which
is particularly well-suited for use in etching chanbers and CvD (chem ca
vapor deposition) chanbers for sem conductor fabrication. 7 A still further
obj ect of the present invention is to provide

multi-phase pressure control valve, characterized by quick response
or pressure stabilization time as well as pressure accuracy, is

needed for semiconductor processing systems.

An object of the present invention is to provide a new and
5 improved, multi-phase pressure control valve for process chambers

used in the fabrication of semiconductors.

Another object of the present invention is to provide a new
and improved, multi-phase pressure control valve for the quick and

accurate stabilization of pressure in a process chamber.

10 Still another object of the present invention is to provide a
new and improved, multi-phase pressure control valve which may be
used in a variety of process chambers for semiconductor

fabrication.

Yet another object of the present invention is to provide a
15 new and improved, multi-phase pressure control valve which is
particularly well-suited for use in etching chambers and CVD

(chemical vapor deposition) chambers for semiconductor fabrication.



a nmulti-phase pressure control valve which includes-at |east two contro
units for the quick and accurate establishnment and stabilization of a
desired pressure in a process chanber. 5 Yet another object of the present
invention is to provide a nulti-phase pressure control valve which may be
readily installed in conventional seg conductor processing systens. A
still further object of the present invention is to provide a
butterfly-type, nulti-phase pressure control valve which may 10 i ncl ude
outer and inner vanes for independently controlling flow of gases froma
process chanber to a vacuumpunp in order to facilitate quick and accurate
attai nnent and stabilization of a desired interior chanber pressure for a
sem conductor fabrication process chanber. 15 Anot her object of the
present invention is to provide a gate- type multi-phase pressure control
val ve which may include a pivoting outer vane and an inner vane slidably
di sposed with respect to the outer vane for exposing a central gas flow
opening in the outer vane, which outer and inner vanes independently 8
facilitate fl'ow of, gases through the valve in order to quickly and
A still further object of the present invention is to provide
a multi-phase pressure control valve which includes at least two
control units for the quick and accurate establishment and

stabilization of a desired pressure in a process chamber.

5 Yet another object of the present invention is to provide a
multi-phase pressure control valve which may be readily installed

in conventional semiconductor processing systems.

A still further object of the present invention is to provide

a butterfly-type, multi-phase pressure control valve which may

10 include outer and inner vanes for independently'controlling flow of

gases from a process chamber to a vacuum pump in order to

facilitate quick and accurate attainment and stabilization of a

desired interior chamber pressure for a semiconductor fabrication
process chamber.

15 Another object of the present invention is to provide a gate-

type multi-phase pressure control valve which wmay include a

pivoting outer vane and an inner vane slidably disposed with

respect to the outer vane for exposing a central gas flow opening

in the outer vane, which outer and inner vanes independently



precisely stabilize gas pressures in a sem conductor fabrication process
chanber. Still another object of the present inventionis to provide a 5
process-oriented design for a nmulti-phase pressure control valve. Summary
of the Invention In accordance with these and ot her objects and advant ages,
the present invention is generally Q§rected to a new and i nproved,

mul ti-phase pressure control valve for facilitating quick and 10 accurate
attai nment and stabilization of gas pressure inside a sem conductor
fabrication process chanber such as an etch chanber or CVD chanber. In one
enbodi nent, the nulti-phase pressure control valve is a butterfly-type

val ve which includes outer and inner vanes that independently control flow
of gases froma process 15 chanmber to a vacuum punp. the |arger-dianeter
20 chanber to a vacuum punp. The | arger-di aneter outer vane stabilizes gas
pressures within a |large range, whereas the inner vane stabilizes pressure
within a smaller range. In another enbodinent, the multi-phase pressure
control valve is a gate-type valve which includes a pivoting outer vane
and an in grjyage slidably disposed with respect to the outer vane for
exposi ng gactlitate flow of gases through the valve in order to quickly and

recise ili i
P 1y stablllze gas pressures in a semiconductor fabrication

pProcess chamber.

Still another object of the bPresent invention is to provide a

5 s .
brocess-oriented design for a multi-phase pressure control valve

Summary of the Invention

| In accordance with these and other objects and advantages, the

Present invention isg generally directed to a new and improved,
multi-phase pressure control valve for facilitating quick and

10 accurate attainment and Stabilization of gas pPressure inside a
semiconductor fabrication process chambe; such as an etch chamber

Ooxr CVD chamber. In one embodiment, the multi-phase pressure
control valve is a butterfly-type valve which includes outer and
inner vanes that’independently'control flow of gases from a brocess

15 chamber to a vacuum pump. The larger-diameter outer wvane
stabi;izes gas pressures within a large range, whereas the inner

vane stabilizes pressure within a smaller range. In another
embodiment, the multi-phase pressure control valve is a gate-type
valve which includes a pivoting outer vane and an inﬁer vane

20 s1; - -
slidably disposed with respect to the outer vane for exposing a



9 5 central gas flow opening in the outer vane. The outer and inner vanes
i ndependently facilitate flow of gases through the valve in order to

qui ckly and precisely stabilize gas pressures in a sem conductor
fabrication process chanber. Brief Description of the Drawi ngs The
invention will now be described, by iRy of exanple, with reference to the
acconpanyi ng drawi ngs, in which; Figure 1 is a schematic view of a typica
conventional processing systemfor the fabrication of sem conductor
integrated 10 circuits; Figure 2 is a longitudinal sectional view of a
conventional throttle valve for a sem conductor fabrication process
system Figure 3 is a cross-sectional view of another type of conventional
throttle valve for a sem conductor fabrication process 15 system 10
Figure 4 is a top view of a butterfly-type nmulti-phase pressure contro
val ve of the present invention, with the inner and outer vanes of the

valve in the cl osed configuration;

central gas flow opening in the outer vane. The outer and inner
vanes independently facilitate flow of gases through the valve in

order to quickly and precisely stabilize gas pressures in a

semiconductor fabrication process chamber

5 Brief Description of the Drawings
The invention will now be described, by way of example, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic view of a typical conventional

processing.system for the fabrication of semiconductor integrated

10 circuits;

Figure 2 is a longitudinal sectional view of a conventional

throttle valve for a semiconductor fabrication process system;

Figure 3 is a cross-sectional view of another type of

convi i i
entional throttle valve for a semiconductor fabrication process

15 system;



Figure 4Ais a top view of the valve of Fig. 4, wth the inner 5 vane of
the valve in the open configuration; Figure 4B is a |ongitudinal sectional
view of the valve of Figs. 4 and 4A, with the inner and outer vanes
pivoted to the open configuration in operation of the valve; Figure 5is a
top view of a gate-valve type nulti-QBase 10 pressure control valve of the
present invention, with the inner vane of the valve shown in the open
configuration in operation of the valve; Figure 5A is a sectional view,

t aken al ong section lines 5A-5A in Fig. 5; 15 Figure 5B is a | ongitudinal
sectional view of the valve of Fig. 5 wth the outer vane of the valve

pi voted to the open configuration in operation of the valve; 11 Figure 6
is a graph with chanber pressure plotted vs. tinme, illustrating enhanced
stabilization of gas pressure in a process chanber in inplenentation of
the present invention; Figure 7 is a graph with chanber pressure plotted as

a 5 function of valve angle for various gas flowrates in

Figure 4 1is a top view of a butterfly-type multi-phase
pressure control valve of the present invention, with the inner and

outer vanes of the valve in the closed configuration;

Figure 4A is a top view of the valve of Fig. 4, with the inner

5 vane of the valve in the open configuration:

Figure 4B is a longitudinal sectional view of the valve of
Figs. 4 and 4A, with the inner and outer vanes pivoted to the open

_conflguration in operation of the valve;

Fi . .
lgure 5 is a top view of a gate-valve type multi-phase

10
bressure control valve of the present invention, with the inner

vane i
of the valve shown in the open configuration in operation of

the valve;

Figure 5A is a sectional view, taken along section lines S5A-5A

in Fig. 5;
15 i i i i
Figure 5B is a long1tud1na1 sectional view of the valve of

Fig.
g S, with the outer vane of the valve pivoted to the ‘open

conflguratlon in operation of the valve;



i npl enentation of the present invention; Figure 8 is a side view, in
section, of a valve piping system for another enbodi nent of the present
invention; Figure 9 is a sectional view of each of two nulti-phase 10
pressure control valves in the enbodi nent .of the invention shown in Fig.

8; and Figure 10 is a graph with progess chanber pressure plotted vs.

time, illustrating a typical operational schematic for a sem conductor
fabrication process in inplenentation of the present 15 invention. 12
Description of the Preferred Enbodi nents Wien used herein, the term "valve
unit" shall refer to a butterfly valve vane, a gate val ve vane or any

ot her valve elenent which is capable of regulating or nodul ating flow of a
gas through 5 a conduit. The present invention has particularly beneficial
utility in the rapid establishment, stabilization and control of gas
pressures inside a process chanber used in the fabrication of integrated
circuits on sem conductor wafer substrates. However, the invention 10 is
not so limted in application, and while references may be nmade

Figure 6 is a graph with chamber pressure plotted vs. time,
illustrating enhanced stabilization of gas pressure in a process

chamber in implementation of the present invention;

Figure 7 is a graph with chamber pressure plotted as a
5 function of wvalve angle for various gas flow rates in

implementation of the present invention;

Figure 8 is a side view, in section, of a valve piping system

for another embodiment of the present invention;

Figure 9 is a sectional view of each of two multi-phase
10 pressure control valves in the embodiment of the invention shown in

Fig. 8; and

Figure 10 is a graph with process chamber pressure plotted vs.
time, illustrating a typical operational schematic for a

semiconductor fabrication process in implementation of the present

15 invention.



to such sem conductor fabrication process chanbers, the present invention
is nore generally applicable to rapidly establishing, stabilizing and

mai ntai ni ng control of gas pressures inside process vessels in a variety
of industrial and nechanical applications. 15 20 Referring initially to
Figs. 4-4B, a first illustrative emgdinent of the pressure control valve
of the present invention is generally indicated by reference nuneral 45.
In typical application, the pressure control valve 45 connects an exhaust

port on a process chanber 61 to a vacuum punp 62. The pressure contr ol
val ve 45 includes a val ve housing 45a having a cylindrical valve 13 wall 46
whi ch defines a valve interior 47. An annul ar outer vane 48, having a
central opening 49, is nounted in the valve interior 47. In a preferred
enbodi nent, the outer vane 48 may have a dianeter of about 3 inches,
al t hough the outer vane 48 may have 5 other dianeters. The edge of the
outer vane 48 normally engages the interior surface of the valve wall 46.
A notor shaft 52 extends from operabl e engagenent by an outer vane notor
51, through "a shaft opening (not shown) provided in the valve wall 46, and
is Description of the Preferred Embodiments
When used herein, the term, “valve unit” shall refer to a
butterfly valve vane, a gate valve vane or any other valve element
which is capable of regulating or modulating flow of a gas through

5 a conduit.

The present invention has particularly beneficial utility in
the rapid establishment, stabilization and control of gas pressures
inside a process chamber used in the fabrication of integrated
circuits on semiconductor wafer substrates. However, the invention

10 is not so limited in application, and while references may be made
to such semiconductor fabrication process chambers, the present
invention is more generally applicable to rapidly establishing,
stabilizing and maintaining control of gas pressures inside process

vessels in a variety of industrial and mechanical applications.

15 Referring initially to Figs. 4-4B, a first illustrative
embodiment of the pressure control valve of the present invention
is generally indicated by reference numeral 45. In typical
application, the pressure control valve 45 connects an exhaust port
On a process chamber 61 to a vacuum pump 62. The pressure control

20 i
valve 45 includes a valve housing 45a having a cylindrical valve



attached to or engages the outer vane 48. Accordingly, by 10 operation of
the outer vane notor 51, the notor shaft 52 is rotated and, in turn,
rotates the outer vane 48 inside the valve interior 47. This positions the
outer vane 48 at a throttle angle "A" with respect to the normally cl osed
position 53 of the outer vane 48, as1F§homn in Fig. 4B and hereinafter
further described. A circular 15 inner” vane 54 is disposed in the central
opening 49 of the outer vane 48, and normally closes the central opening
49 as shown in Fig. 4. In a preferred enbodi nent, the inner vane 54 has a
di anmeter of about 2 inches, although the inner vane 54 may have ot her

di aneters. A notor shaft 56 extends from operabl e engagenent 20 by an i nner
vane notor 55, through a sheath 57 provided on the surface of the outer
vane 48, and is attached to or engages the inner vane 54. Accordingly, by
operation of the inner vane notor 14 55, the notor shaft 56 is rotated and,
inturn, rotates the inner vane 54, independently of the outer vane 48,
inside the central opening 49, as shown in Fig. 4A. This positions the

inner vane 54 at a throttle angle "B" with respect to the normally cl osed
her ei naft er

?upﬁﬁgﬁigggg?i%iéﬁhﬁﬂi@ﬁﬁﬁn%gng %glvgsi§€g¥¥54|17fighn4§ngggar outer vane
48, having a central opening 49, is mounted in the valve interior
47. In a preferred embodiment, the outer vane 48 may have ga
diameter of about 3 inches, although the outer wvane 48 may have
5 other diameters. The edge of the outer vane 48 normally engages
the interior surface of the valve wall 46. A motor shaft 52
extends from operable engagement by an outer vane motor 51, through
a shaft opening (not shown) provided in the valve wall 46, and ig
attached to or eéngages the outer vane 438, Accordingly, by
10 operation of the outer vane motor 51, the motor shaft 52 is rotated
and, in turn, rotates the outer vane 48 inside the valve interior

47. Tbis pPositions the outer vane 48 at a throttle angle “A” with -
respect to the normally closed position 53 of the outer vane 48, as
shown in Fig. 4B and hereinafter further described. A circular
15 inner vane 54 ig disposed in the central opening 492 of the outer
vane 48, and normally closes the central opening 49 as shown in
Fig. 4. In a preferred embodiment, the inner vane 54 has a
diameter of about 2 inches, although the inner vane 54 may have
Other diameters. A motor shaft 56 extends from Operable engagement
20 _ by an inner vane motor 55, through a sheath 57 provided on the

surfa
ce of the outer vane 48, and is attached to Oor engages the

inner i
vane 54. Accordingly, by operation of the inner vane motor



Referring again to Figs. 4-4B and to Fig. 10, in operation the nmnulti-phase
pressure control valve 45 facilitates pronpt attainment and stabilization
of a target gas pressure inside the process 10 chanber 61 at the onset of a
processi ng operation such as a plasma etching or plasm CVD operation
carried out in the process chanber qa Accordingly, helium(He) gas 59 is
typically used in the stabilization 'step prior to processing in order to
attain and stabilize the desired target gas pressure inside the process 15
chanber 61 for the processing operation. As the vacuum punp 62 draws the
gas 59 fromthe process chanber 61 and through the valve interior 47, at a
gas flow rate of typically fromabout 500 sccmto about 15,000 sccm the
outer vane notor 51 is operated to rotate the outer vane 48 fromthe

cl osed position 53 to the open position 20 shown by the solid lines in Fig.
4B, until the throttle angle "A" shown in Fig. 4B is typically from about
5 to about 15 degrees. 15 Sinultaneously, the inner vane notor 55 is
operated to rotate the inner vane 54 until the throttle angle "B" shown in

Fig. 4B H? fQ%F gout ftoéfbout 35 degrees. This facilitates a gas
pressure Ot ofPEBbUT At ot %%Jﬁﬁ&ﬁEFd6a?8rrant¥ﬁé pidedses thanbenesl,
As

vane 54, independently of the outer vane 48, inside the central
opening 49, as shown in Fig. 4A. This positions the inner vane 54
at a throttle angle “B” with respect to the normally closed
5 position 58 of the inner vane 54, as shown in Fig. 4B and

hereinafter further described.

Referring again to Figs. 4-4B and to Fig. 10, in operation the
multi-phase pressure control valve 45 facilitates prompt attainment
and stabilization of a target gas pressure inside the process

10 chamber 61 at the onset of a pbrocessing operation such as a plasma
etching or plasma CVD operation carried out in the process chamber
61. Accordingly, helium (He) gas 59 is typically used in the
stabilization step prior to processing in order to attain and
stabilize the desired target gas pressure inside the process
15 chamber 61 for the processing operation. As the vacuum pump 62
draws the gas 59 from the process chamber 61 and through the.valve
interior 47, at a gas flow rate of typically from about 500 sccm to
about 15,000 sccm, the outer vane motor 51 is operated to rotate
the outer vane 48 from the closed position 53 to the open position
20 shown by the solid lines in Fig. 4B, until the throttle angle “A”

shown in Fig. 4B is typically from about 5 to about 15 degrees.



5 shown in Fig. 6, it wll be appreciated by those skilled in the art that
the inner vane 54, the gas stabilization profile of which is indicated by
the bottomgraph in Fig. 6, stabilizes the gas pressure to the desired
target gas pressure in the process chanmber 61 within about 2 seconds. The
outer vane 48, the gas 10 stabilizatiﬁp profile of which is indicated by
the top graph in Fig. 6, pressure § own in 15 stabilizes the gas pressure
to the desired target in the process chanber 61 within about 2.5 seconds.
gas As Fig. 6, processing recipes of sem conductor fabrication vary
according to the tinme fromonset of plasma wuntil the main processing step
begins, typically from to about 5.5 seconds. Accordingly, the nmulti-phase
processes inducenent about 4.5

Simultaneously, the inner vane motor 55 is operated to rotate the
inner vane 54 until the throttle angle “B” shown in Fig. 4B is from
about 20 to about 35 degrees. This facilitates a gas pressure of
from about 4 Torr to about 6 Torr in the pProcess chamber 61. As
5 shown in Fig. 6, it will be appreciated by those skilled in the art
that the inner vane 54, the gas stabilization profile of which is
indicated by the bottom graph in ‘Fig. 6, stabilizes the gas
pressure to the desired target gas pressure in the process chamber
61 within about 2 seconds. The outer vane 48, the gas
10 | stabilization profile of which is indicated by the top graph in
Fig. 6, stabilizes the gas pressure to the desired target gas
pressure in the process chamber 61 within about 2.5 seconds. As
shown in Fig. 6, processing recipes of semiconductor fabrication
processes vary according to the time from onset of plasma
15 inducement until the main processing step begins, typically from
about 4.5 to about 5.5 seconds. Accordingly, the multi-phase
pressure control valve 45 is capable of stabilizing the target gas
pressure well within sufficient time before the main processing
step begins. Fig. 7 illustrates interior chamber pressures at
20 various flow rates of He gas as a function of various throttle
angles of the outer vane 48 (bottom lines) and of the inner vane 54

(top 1lines), respectively. It will be appreciated from a



pressure control valve 45 is capable of stabilizing the target gas

pressure well within sufficient tine before the main processing step

begins. Fig. 7 illustrates interior chanber pressures at 20 various flow

rates of He gas as a function of various throttle angles of the outer vane

48 (bottom lines) and of the inner vqg; 54 (top lines), respectively. It
at

w Il be appreciated froma 16 conside ion of Fig. 7 that the multi-phase
pressure control valve 45 w dens the safety-operation area of the process.
Referring next to Figs. 5-5B, a second illustrative enbodi nent of the

mul ti - phase pressure control valve of the present invention 5 is generally
i ndi cated by reference nuneral 65. In typical application, the pressure
control valve 65 connects an exhaust port on a process chanber 82 to a
vacuum punp 83. The multi-phase pressure control valve 65 includes a valve
housi ng 65a having a cylindrical valve wall 66 which defines a valve
interior 67. An 10 annul ar outer vane 68, having a central opening 69, is
mounted in the valve interior 67. As shown in Fig. 5A, the outer vane 68
may include a top panel 70 and a bottom panel 71, between which is

def i ned eonsdclesrtion ehd igur podeatofthghinght i phadye preseiinaftc@rt radesalirbed.

In a preferred enbodi nent, the outer vane 68 may have
45 widens the safety-operation area of the process.

Referring next to Figs. 5-5B, a second illustrative embodiment

of the multi-phase pressure control valve of the present invention

5 is generally indicated by reference numeral 65. In typical
application, the pressure control valve 65 connects an exhaust port

on a process chamber 82 to a vacuum pump 83. The multi-phase
pressure control valve 65 includes a valve housing 65a having a
cylindrical valve wall 66 which defines a valve interior 67. An

10 annular outer vane 68, having a central opening 69, is mounted in
the valve interior 67. As shown in Fig. SA, the outer vane 68 may
include a top panel 70 and a bottom panel 71, between which is
defined a pocket 72, the purpose of which will be hereinafter
described. 1In a preferred embodiment, the outer vane 68 may have

15 a diameter of about 3 inches, although the outer vane 68 may have
other diameters. The edge of the outer vane 68 normally engages

the interior surface of the valve wall 66, as shown in Fig. 5. A
circular inner vane 77 is disposed in the central opening 69 of the
outer vane 68, and normally closes the central opening 69 as shown

20 in Fig. 5. 1In a preferred embodiment, the inner vane 77 has a

diameter of about 2 inches, although the inner vane 77 may have



15 a diameter of about 3 inches, although the outer vane 68 may have other
di aneters. The edge of the outer vane 68 nornmally engages the interior
surface of the valve wall 66, as shown in Fig. 5. A circular inner vane 77
is disposed in the central opening 69 of the outer vane 68, and nornally
cl oses the central opening 69 as shoq&,zo in Fig. 5. In a preferred
enbodi nent, the inner vane 77 has a i ameter of about 2 inches, although
the inner vane 77 may have 17 other dianeters. A notor shaft 75 extends
from operabl e engagenent by an outer vane notor 74, through a shaft
opening (not shown) provided in the valve wall 66, and is attached to or
engages the outer vane 68. By operation of the outer vane notor 74, the
notor 5 shaft 75 is rotated, and the notor shaft 75, in turn, rotates the
outer vane 68 inside the valve interior 67. This positions the outer vane
68, as well as the inner vane 77, at an angle "C' with respect to the
normal |y closed position 80 of the outer vane 68, as shown in Fig. 5B. A
not or shaft 79 extends from operable 10 engagenent by an inner vane notor
78 and i praraghatetorodr ANGIESS sHalte e i ngl b
operation of the inner vane notor ?g,bsﬁgaﬁ%?%rf% gfﬁ&%%hﬁgp%g ?g%%%ﬁtinto
the innemyvane smiear vake tior | BASteRASIdAld VsESPOVEpLALN, MBS VBAS.dY
fromthe centra

provided in the valve wall 66, and is attached to or engages the

outer vane 68. By operation of the outer vane motor 74, the motor
5 shaft 75 is rotéted, and the motor shaft 75, in turn, rotates the
outer vane 68 inside the valve interior 67. This positions the
outer vane 68, as well as the inner vane 77, at an angle “C” with

respect to the normally closed position 80 of the outer vane 68, as

shown in Fig. 5B. A motor shaft 79 extends from operable
10 engagement by an inner vane motor 78 and is attached to or engages
the inner vane 77. Accordingly, by operation of the inner vane

motor 78, the motor shaft 79 is retracted into the inner vane motor
78 to at least partially remove the inner vane 77 from the central
opening 69 and retract the inner wvane 77 at least partially into

15 the pocket 72 of the outer vane 68, as shown in Figs. 5 and 5A.

Referring again to Figs. 5-5B, in operation helium (He) gas 81
is typically used in the stabilization step prior to processing in
order to attain and stabiliée the desired target gas pressure
inside the process chamber 82 for the processing operation. As the

20

vacuum pump 83 draws the gas 81 from the process chamber 82 and

through the valve interior 67, at a gas flow rate of typically from




opening 69 and retract the inner vane 77 at least partially into 15 the
pocket 72 of the outer vane 68, as shown in Figs. 5 and 5A. Referring again
to Figs. 5-5B, in operation helium(He) gas 81 is typically used in the
stabilization step prior to processing in order to attain and stabilize
the desired target gas pressure insigf the process chanber 82 for the
processi ng operation. As the 20 vaqu punp 83 draws the gas 81 fromthe
process chanber 82 and through the valve interior 67, at a gas flowrate
of typically from 18 about 500 sccmto about 15, 000 sccm the outer vane
notor 74 is operated to rotate the outer vane 68 fromthe closed position
80 to the open position shown by the solid lines in Fig. 5B, until the
throttle angle "C'" shown in Fig. 5B is typically fromabout 5 to 5 about 15
degrees. Simultaneously, the inner vane notor 78 is operated to w thdraw
the inner vane 77 fromthe central opening 69 and retract the inner vane
77 into the pocket 72 of the outer vane 68. This facilitates a gas
pressure of from about 4 Torr to about 6 Torr in the process chanber 82.
Accordingly, the nulti-phase 10 pressure control valve 65 is capabl e of
stabi | i zapgut he0d as@get tgasabqresIrE A nsddwe hec ess echaner m®2owmel7k st hi n

sufficient tinme before the main processing step begins.
operated to rotate the outer vane 68 from the closed position 80 to
the open position shown by the solid lines in Fig. 5B, until the
throttle angle “C” shown in Fig. 5B is typically from about 5 to
5 about 15 degrees. Simultaneously, the inner vane motor 78 is
operated to withdraw the inner vane 77 from the central opening 69
and retract the inner vane 77 into the pocket 72 of the outer vane
68. This facilitates a gas pressure of from about 4 Torr to about
6 Torr in the process chamber 82. Accordingly, the multi-phase
10 pressure control valve 65 is capable of stabilizing the target gas

pressure in the process chamber 82 well within sufficient time

before the main processing step begins.

Referring next to Figs. 8 and 9, still another embodiment the

invention includes a multi-phase valve conduit 89, by which the

15 reaction chamber 84 is connected to the vacuum pump 88 through a
main conduit 85. A diversion conduit 86 branches from the main
conduit 85, and a connecting conduit 87 connects the downstream end

of the diversion conduit 86 to the downstream end of the main
conduit 85. A first multi-phase valve 90 is provided in the main

20 conduit 85 between the entry point of the diversion conduit 86 and

the re-entry point of the connecting conduit 87, and a second



Referring next to Figs. 8 and 9, still another enbodi nent the invention
i ncludes a multi-phase val ve conduit 89, by which the 15 reaction chanber
84 is connected to the vacuum punp 88 through a 20 main conduit 85. A
di version conduit 86 branches fromthe main conduit 85, and a connecting
conduit 87 connects the downstream e of the diversion conduit. 86 to the
downstream end of the main conduit 85 A first nulti-phase valve 90 is
provided in the main conduit 85 between the entry point of the diversion
conduit 86 and the re-entry point of the connecting conduit 87, and a
second 19 nulti-phase valve 90 is provided in the diversion conduit 86,
parallel with the first multi-phase valve 90. As shown in Fig. 9, each
nmul ti - phase valve 90 typically includes a valve housing 91 having a
housing interior 92, in which 5 is pivotally nounted a butterfly val ve vane
93. A notor 98 engages the butterfly valve vane 93 through a notor shaft
99 which extends through a shaft opening (not shown) in the val ve housing
91. The notor 98 is operable to partially rotate or pivot the butterfly
val ve van . ve Lpnterior 92, between the closed position 10
i ndi cat eder%‘gﬁtl@héggh\e/’%&l"fangg 3R PT P Qe i p it | dbirvemdicentcRshdidy 86, in
parallel with the first multi-phase valve 90.

in

As shown in Fig. 9, each multi-phase valve 90 typically
includes a valve housing 91 having a housing interior 92, in which
5 is pivotally mounted a butterfly valve vane 93. A motor 98 engages
the butterfly valve vane 93 through a motor shaft 99 which extends
through a shaft opening (not shown) in the valve housing 91. The
motor 98 is operable to partially rotate or pivot the butterfly
valve vane 93 in the valve interior 92, between the closed position
10 indicated by the dashed lines and the open position indicated by
the solid lines. A gate valve vane 94 is mounted in the housing
interior 92 downstream of the butterfly ~valve vane 93.
Alternatively, the gate valve vane 94 may be mounted upstream of
the butterfly valve vane 93. A motor 95 engages the gate valve
15 vane 94 t#rough & motor shaft 96. The motor 95 is capable of’
moving the gate valve vane 94 between a closed Position in which
the vane 94 closes the housing interior 92, as shown by the dashed
lines, and an open position in which the vane 94 disengages the
interior surface of the valve hOusing 91 and is partially retracted
20 into a pocket 97 provided in the valve housing 91 to open the

housing interior 92, as shown by the solid lines.



the solid lines. A gate valve vane 94 is nounted in the housing interior
92 downstream of the butterfly valve vane 93. Alternatively, the gate

val ve vane 94 may be nounted upstreamof the butterfly valve vane 93. A
not or 95 engages the gate valve 15 vane 94 20 through a notor shaft 96.
The notor 95 is capable of noving t gate val ve vane 94 between a cl osed
position in which the vane 94 cl ose he housing interior 92, as shown by
t he dashed 1lines, and an open position in which the vane 94 di sengages the
interior surface of the valve housing 91 and is partially retracted into a
pocket 97 provided in the valve housing 91 to open the housing interior

92, as shown by the solid lines. 20 In operation of the nulti-phase val ve
conduit 89, gas 100, such as helium is drawn by operation of the punp 88
fromthe reaction chanber 84, through the nulti-phase valve conduit 89,

whi ch establishes and stabilizes a target gas pressure inside the 5
reacti on chanber 84 as hereinafter described. Sone of the gas 100 flows
through the nmain conduit 85, while a portion of the gas 100 flows through

the. diversion reorgeiratast egnmee! it tqOBHELL 841809condquit 89, gas 100,
such as helium, is drawn by operation of the pump 88 from the
reaction chamber 84, through the multi-phase valve conduit 89,
which establishes and stabilizes a target gas pressure inside the

5 reaction chamber 84 as hereinafter described. Some of the gas 100
flows through the main conduit 85, while a portion of the gas 100
flows through the diversion conduit and connecting conduit 87 and
re-enters the downstream end portion of the main conduit 85. As
the gas 100 flows through thg multi-phase pressure control valve 90

10 of the main conduit 85 and of the diversion conduit 86,
respectively, the motor 98 rotates the butterfly valve vane 93 to
a throttle angle of typically about 5 to about 15 degrees with
respect to the closed position of the vane 93, indicated by the
dashed lines in Fig. 9. Simultaneously, the motor 95 retracts the

15 gate valve vane 94 from the closed position indicated by the dashed
lines to the open position indicated by the solid lines in Fig. 9,
into the pocket 97. Accordingly, it will be appreciated by those
skilled in the art that each multi-phase pressure control valve 90
is capable of stabilizing the target gas pressure in the process

20 chamber 84 well within sufficient time before the main processing

Step of the etching, CVD or other process begins.



re-enters the downstreamend portion of the main conduit 85. As the gas
100 flows through the multi-phase pressure control valve 90 10 of the main
conduit 85 and of the diversion conduit 86, respectively, the notor 98
rotates the butterfly valve vane 93 to a throttle angle of typically about
5 to about 15 degrees with respect gq the cl osed position of the vane 93,
indicated by the dashed lines in Fig. 9. Simultaneously, the notor 95
retracts the 15 gate valve vane 94 fromthe closed position indicated by
the dashed lines to the open position indicated by the solid Iines in Fig.
9, into the pocket 97. Accordingly, it will be appreciated by those
skilled in the art that each nulti-phase pressure control valve 90 is
capabl e of stabilizing the target gas pressure in the process 20 chanber 84
well within sufficient tinme before the nmain processing step of the
etching, CVD or other process begins. 21 Wile the preferred enbodi nents
of the invention have been described above, it wll be recogni zed and
understood that various nodifications can be nade in the invention and the
appended cl ai fbilar shenperdedred eabedimbhtsush FREI iheaht P88 WhEhLOBRY
fall within the spirit and scope of the invention.

described above, it will be recognized and understood that various

modifications can be made in the invention and the appended claims

are intended to cover all such modifications which may fall within

5 the spirit and scope of the invention.



22 CLAIMS What is clainmed is: 1. A multi-phase pressure control
stabilizing a pressure of a gas in a vessel by operation of a

val ve for
punp,

conprising: a valve housing for confluently connecting the vessel. and the

punp; at least two valve units provided in said val ve housing;
actuating nechani sm operably engagin aid at |east two valve

and a val ve
units,

respectively, for orienting said at I"gast two valve units, respectively,
in various positions in said valve housing and nodul ating flow of the gas
fromthe vessel, through said valve housing to the punp. 2. The val ve of

claiml1l wherein said at |least two valve units conprises an out

er vane

havi ng a central opening and pivotally nounted in said valve housing and

an inner vane pivotally nounted in said central opening. 23 3.

The val ve

of claim1l wherein said valve actuating nechanism conprises at |east two
notors operably engagi ng said at
CLAIMS
What is claimed is:
1. A multi-phase pressure control valve for stabilizing a

pressure of a gas in a vessel by operation of a pump, comprising:

a valve housing for confluently'connecting the vessel and

the pump;

at least two valve units provided in said valve housing;

and

a valve actuating mechanism operably engaging

said at

least two valve units, respectively, for orienting said at least

two valve units, respectively, in various positions in said valve

housing and modulating flow of the gas from the vessel

said valve housing to the pump.

through

2. The valve of claim 1 wherein said at least two valve units

comprises an outer vane having a central opening and pivotally
mounted in said valve housing and an inner vane pivotally mounted

in said central opening.



| east two valve units, respectively. 4. The valve of claim3 wherein said
at least two valve units conprises an outer vane having a central opening
and pivotally nounted in said valve housing and an inner vane pivotally
mounted in said central opening and said at |east two notors conprises
first and second notors operably engagi ng said outer vane and said inner
vane, respectively. 5. The valve of claim1l wherein said at |east two val ve
units conprises an outer vane having a central opening and pivotally
nmounted in said val ve housing and an inner vane slidably engaging said
outer vane for at least partially reversibly blocking and unbl ocking said
central opening. 6. The valve of claim5 wherein said val ve actuating
mechani sm conprises a first notor and a second notor operably engagi ng
said outer vane and said inner vane, respectively. 24 7. The valve of claim
5 further conprising a pocket provided 1in said outer vane for receiving
said i nner vane when said inner vane at |east partially unblocks said
central opening. 8. The valve of claim7 wherein said val ve actuating

mechani sm conpy i sespig f L$eMYOr ,a0¢,a segpnd mt Osraicpe{/gmrg actuating

mechanism comprises at least two motors operably engaging said at

least two valve units, respectively.

4. The valve of claim 3 wherein said at least two valve units
comprises an outer vane having a central opening and pivotally
mounted in said valve housing and an inner vane pivotally mounted
in said central opening and said at least two motors comprises
first and second motors operably engaging said outer vane and said

inner vane, respectively.

5. The valve of claim 1 wherein said at least two valve units
comprises an outer vane having a central opening and  pivotally
- mounted in said valve housing and an inner vane slidably engaging
said outer vane for at least partially reversibly blocking and

unblocking said central opening.

6. The valve of claim 5 wherein said valve actuating
mechanism comprises a first motor and a second motor operably

engaging said outer vane and said inner vane, respectively.



engagi ng said outer vane and said inner vane, respectively. 9. The val ve of
claim2 wherein said outer vane has a dianmeter of about 3 inches and said
i nner vane has a dianeter of about 2 inches. 10. The valve of claim?9
wherein said val ve actuating mechanismconprises a first notor and a
second not or operably engagi ng said%?neﬁ vane and said inner vane,
respectively. 11. The valve of claim™® wherein said outer vane has a

di anmeter of about 3 inches and said inner vane has a dianeter of about 2
inches. 25 12. The valve of claim 11l wherein said val ve actuating
mechani sm conprises a first notor and a second notor operably engaging
said outer vane and said inner vane, respectively. 13. A nmulti-phase val ve
conduit for stabilizing a pressure of a gas in a vessel by operation of a
punp, conprising: a main conduit for confluently connecting the vessel and
the punp; a first nmulti-phase valve having at | east two valve units

provided in,salghJhiveostiiain slisetAbRNcGRIFI Ing ABLURBE! YrspfiRet ed to
in saidrbuter vane for receiving said inner vane when said inner

vane at least partially unblocks said central opening.

8. The valve of claim 7 wherein said valve actuating
mechanism comprises a first motor and a second motor operably

engaging said outer vane and said inner vane, respectively.

9. The valve of claim 2 wherein said outer vane has a
diameter of about 3 inches and said inner vane has a diameter of

about 2 inches.

10. The valve of claim 9 wherein said wvalve actuating
mechanism comprises a first motor and a second motor operably

engaging said outer vane and said inner vane, respectively.

11. The valve of claim 5 wherein said outer vane has a
diameter of about 3 inches and said inner vane has a diameter of

about 2 inches.



conduit and bypassing said first nulti-phase valve; a second nulti-phase
val ve having at least two valve wunits provided in said diversion conduit;
and a val ve actuating mechani sm operably engaging said first multi-phase
val ve and said second nulti-phase val ve, respectively, for orienting said
at least two valve units, respectivel in various positions in said main
conduit and said diversion conduit, spectively. 26 14. The val ve conduit
of claim 13 wherein said at least two valve units of said first
mul ti - phase val ve conprises a first butterfly valve vane and a first gate
val ve vane di sposed downstreamof said first butterfly valve vane and said
at least two valve units of said second nulti-phase val ve conprises a
second butterfly valve vane and a second gate val ve vane di sposed
downst ream of said second butterfly valve. 15. The valve conduit of claim
13 wherein said valve actuating nechani smconprises a first set of notors
operably engaging said at |least two valve units, respectively, of said
first multi-phase valve and a second set of notors operably engaging said
at least two valve units, respectively, of said second multi-phase

12 The valve of claim 11 wherein said valve actuating

mechanism comprises a first motor and a second motor operably

engaging said outer vane and said inner vane, respectively.

13. A multi-phase valve conduit for stabilizing a pressure of
a gas in a vessel by operation of a pump, comprising:
a main conduit for confluently connecting the vessel and

the pump;

a first multi-phase valve having at least two valve units
provided in said main conduit;

a diversion conduit confluently connected to said main
conduit and bypassing said first multi-phase valve;

a second multi-phase valve having at least two valve
units provided in said diversion conduit; and

a valve actuating mechanism operably engaging said first
multi-phase valve and said seeond multi-phase valve, respectively,
for orienting said at least two valve units, respectively, in

various positions in said main conduit and said diversion conduit,

respectively.



val ve. 16. The val ve conduit of claim 15 wherein said at |east two valve
units of said first nmulti-phase valve conprises a first butterfly valve
vane and a first gate val ve vane di sposed downstream of said first
butterfly val ve vane and said at least two valve units of said second

mul ti-phase val ve conpri ses a second utterfly val ve vane and a second
gate val ve vane di sposed downstream said second butterfly valve. 27 TI
7. A nethod of stabilizing a gas pressure in a process chanber by
operation of a punp, conprising the steps of: providing a val ve housing

bet ween said process chanber and said punp; providing at |east two val ve
units in said valve housing; flowing the gas fromsaid process chanber,

t hrough said valve housing and to said punp; and orienting said at | east
two valve units in said valve housing to nodulate flow of the gas fromthe
vessel , through said valve housing to the punp. 18. The nethod of claim17
wherein said at |least two valve units conprises an outer vane having a

central opening and

14. The valve conduit of claim 13 wherein said at least two
valve units of said first multi-phase wvalve comprises a first
butterfly wvalve wvane and a first gate valve vane disposed
downstream of said first butterfly valve vane and said at least two
valve units of said second multi-phase valve comprises a second
butterfly valve vane and a second gate wvalve vane disposed

downstream of said second butterfly valve.

15. The valve conduit of claim 13 wherein said wvalve
actuating mechanism comprises a first set of motors operably
engaging said at least two valve units, respectively, of said first
multi-phase valve and a second set of motors operably engaging said

at least two valve units, respectively, of said second multi-phase

valve.

16. The valve conduit of claim 15 wherein said at least two
valve units of said first multi-phase valve comprises a first
butterfly wvalve vane and a first gate valve vane disposed
downstream of said first butterfly valve vane and said at least two
valve units of said second multi-phase valve comprises a second

butterfly valve vane and a second gate valve vane disposed

downstream of said second butterfly valve.



pivotally nmounted in said val ve housing and an inner vane pivotally

nmounted in said central opening, and wherein said orienting said at | east
two val ve units conprises positioning said outer vane at a throttle angle
of from about 5 degrees to about 15 degrees and positioning said inner
vane at a throttle angle of fron1abog% 20 degrees to about 35 degrees. 28
19. The nethod of claim 17 wherein s&/d at |least two valve units conpri ses
an outer vane having a central opening and pivotally nounted in said valve
housi ng and an i nner vane slidably engaging said outer vane for reversibly
bl ocki ng and unbl ocking said central opening, and wherein said orienting
said at least two valve units conprises positioning said outer vane at.
throttle angle of fromabout 5 degrees to about 15 degrees and sliding
said inner vane with respect to said outer vane to at |east partially
unbl ock said central opening. 20. The nethod of claim17 wherein said
flowing the gas from said process chanber, through said val ve housing and
to said punp conprises flowing the gas at a gas flow rate of from about

500 sccm to ahqut A5,900 scg L
o oglstablllzlng & gas pressure in a process

a

cha i |
mber by operation of a pump, comprising the steps of:

rovidi i
_p ding a valve housing between said process chamber

and said pump;

valve housing to the pump.

18. The method of claim 17 wherein said at least two valve
units comprises an outer wvane having a central opening and
pivotally mounted in said valve housing and an inner vane pivotally
mounted in said central opening, and wherein said orienting said at

least two 1
val i i
V€ units comprises Positioning said outer vane at
! a

positioni id i
1ng said inner vane at a throttle angle of from about 20

degrees to about 35 degrees.



28

19. The method of claim 17 wherein said at least two valve
units comprises an outer vane having a central opening and
pivotally mounted in said valve housing and an inner vane slidably
engaging said outer vane for reversibly blocking and unblocking
said central opening, and wherein said orienting said.at least two
valve units comprises positioning said outer vane at.a throttle
angle of from about 5 degrees to about 15 degrees and sliding said

inner vane with respect to said outer vane to at least partially

unblock said central opening.

20. The method of claim 17 wherein said flowing the gas from
said process chamber, through said valve housing and to said pump

comprises flowing the gas at a gas flow rate of from about 500 sccm

to about 15,000 sccm.



