
METHOD AND APPARATUS FOR CONTROLLING GAS FLOW TO A PROCESSING CHAMBER
BACKGROUND  Field of the Invention pool]Embodiments of the present
invention generally relate to a method and apparatus for controlling
gas flow to a processing chamber. Description of the Related Art
t0002lAccurate control of gas flows is an important process control
attribute  critical to many microelectronic device fabrication
processes. Providing gas between a substrate and a substrate support
in a semiconductor processing chamber is a well-known method for
improving heat transfer between the substrate and the substrate
support, thereby enhancing the precision of substrate temperature
control and uniformity. Additionally, precise control of process gas
flows into the processing chamber are required in order to obtain
desired processing results, particularly as critical dimensions and
film thicknesses shrink. Furthermore, gases may be added to
processing chamber effluent streams to mitigate the environmental
impact of substrate processing. Good control of the gases added to
the effluent stream is necessary to ensure both cost effective and
proper remediation. [0003jConventional gas delivery systems used with
semiconductor processing chambers generally include a mass gas flow
meter (MFC) as the primary flow regulation device. However, the
accuracy of MFC's may be affected by a plurality of factors that
contribute to an uncertainty of the actual gas flow. For example, the
accuracy of the MEC will typically vary with changes in temperature,
line pressure and volume. Deviation from the gas flow set point due
to MFC inaccuracy may contribute to processing defects, poor emission
control and inefficient waste of costly gases. [0004]Although
conventional pressure control systems have proven relatively
reliable, field experience with the existing technology has increased
the demand 



for more accurate measurement of flow. For example, poor control of
gas flows used in backside substrate cooling applications may result
in poor substrate  temperate control, thereby causing poor film
deposition or etching results, which cannot be tolerated in next
generation circuit designs. (0005}]Moreover, conventional gas
delivery systems generally have fixed conduits for routing gases from
the gas sources into the processing chamber. Thus, only a predefined
combination of process gases may be delivered to the processing
chamber at any time. Such fixed gas delivery routing prevents process
flexibility. For example, processing chambers having fixed gas
delivery routes may not be able to accommodate new or revised process
recipes that require a different combination of process gases.
Additionally, a processing chamber having a fixed gas delivery route
designed to deliver one combination of process gases to perform a
first process may not be able to perform a second process that
utilizes a different combination of gases, thereby preventing the
processing chamber from being utilized for other processes and
causing the FAB owner to invest in addition capitol equipment. Thus,
it would be desirable to devise a gas delivery system having greater
flexibility. [0006}Therefore, there is a need for an improved method
and apparatus for controlling the delivery of gases to a
semiconductor processing system. SUMMARY  [0007]A method and
apparatus for delivering gases to a semiconductor processing system
are provided. In one embodiment, an apparatus for delivering gases to
a semiconductor processing system includes a plurality of gas input
lines each having an inlet port and a plurality of gas output lines
each having an outlet port. A plurality of connecting lines are
provided that couple a respective pairs of gas input and gas output
lines. Connecting valves are arranged to control flow through the
respective connecting lines. A plurality of mass gas flow controllers
are arranged to control flow into a respective inlet port. [0008] In
another embodiment, a method of controlling gas flow to a processing
system that includes a processing chamber coupled to a facility
exhaust through a foreline is provides that includes providing a
manifold having at least a first, second third and fourth inlet that
may be selectively coupled to at least one of a first, second third
and fourth outlet, flowing one or more gases through the manifold to
a vacuum environment by-passing the processing chamber prior to
processing or to a calibration circuit, and flowing the one or more
gases into the processing chamber during substrate processing.
[0oos]In another embodiment, a method of controlling gas flow to a 



processing system that includes a processing chamber coupled to a
facility exhaust through a foreline is provided. The method includes
flowing a first gas from a first gas source into a manifold having at
least a first outlet port, a second outlet port, a third outlet port
and a fourth outlet port, flowing a second gas from a second gas
source into the manifold, selecting an operational state of valves
within the manifold to cause the first and second gases to exit
through at least one of the second or third outlet ports while in a
processing mode, flowing the first and second gases through the
manifold and into the foreline by-passing the processing chamber
until a predefine state of the gases within the manifold is obtained,
directing the first and second gases exiting the manifold into the
processing chamber after the predefine state has been obtained, and
processing a substrate within the processing chamber.. BRIEF
DESCRIPTION OF THE DRAWINGS  momSo that the manner in which the above
recited features of the present invention may be understood in
detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally
effective embodiments. 100111Figure 1 is a simplified schematic of a
semiconductor processing chamber coupled to one embodiment of a gas
delivery system of the present invention, [0012]Figure 2 is a
schematic diagram of one embodiment of a mixing manifold of the gas
delivery system of Figure 1; [0013]Figure 3 is a schematic diagram of
another embodiment of a mixing manifold; 100141Figure 4 is a
schematic diagram of one embodiment of two mixing manifolds coupled
together; [0015]Figure 5 is a simplified schematic of a semiconductor
processing 



chamber coupled to another embodiment of a gas delivery system; and
roots)Figure 6 is a simplified schematic of a semiconductor
processing chamber coupled to another embodiment of a gas delivery
system. glomTo facilitate understanding, identical reference numerals
have been  used, wherever possible, to designate identical elements
that are common to the figures. It is contemplated that features of
one embodiment may be beneficially incorporated in other embodiments
without further recitation. DETAILED DESCRIPTION  mullFigure 1
depicts a simplified schematic of a gas delivery system 100 utilized
to supply gas to an exemplary semiconductor processing chamber 114.
The processing chamber 114 may be configured to perform chemical
vapor deposition (CVD), physical vapor deposition (PVD), etching
process, ion implant, thermal processing, ashing, degassing,
orientation or other vacuum processing technique. A controller 150 is
coupled to the processing chamber 114 and gas delivery system 100 to
control the operation thereof. The controller 150 generally includes
a processor, support circuits and memory. [0ots]The gas delivery
system 100 located outside of the processing chamber 114 includes a
plurality of gas sources coupled to a gas manifold 134. The manifold
134 includes a plurality of valves (discussed further below) which
enable any combination of gas sources to be coupled to the processing
chamber 114. The manifold 134 also is configured to allow quick
evacuation and flow verification of individual system components and
conduits. Although the system 100 may be configured to interface with
any number of gas sources, six gas sources 102A-F are shown in the
embodiment depicted in Figure 1. [0020]Each gas source 102A-F is
coupled to a respective manifold inlet port 104A-F. A shut-off valve
142 and a mass flow meter (MFC) 170 are disposed between each gas
supply source 102A-F and respective manifold inlet port 104A-F to
control the flow of gas from each source 102A-F entering the manifold
134. The manifold 134 includes a plurality of manifold outlet ports
106A-F that may be selectively coupled to any one of the gas supply
sources 102A-F through the manifold inlet ports 104A-F. At least one
of the outlet ports 106A-F may be coupled to a calibration circuit
144 and/or a purge line 154. 



[0021]In the embodiment depicted in Figure 1, six gas outlet ports
106A-F are provided. The first gas delivery outlet port 106A is
coupled to the calibration circuit 144 that is configured to
accurately measure gas flow. The calibration  circuit 144 includes an
orifice 130 sized to provide a chocked flow condition. In one
embodiment, the orifice 130 is sized to provide a restriction that is
substantially equal to that of the processing chamber 114. The
orifice 130 creates flow conditions in the manifold 134 similar to
conditions present when the gases are flowing into the processing
chamber 114. The calibration circuit 144 may be utilized to perform
flow verification of the MFC or other system components, while not
requiring flow into the actual processing chamber 114. The orifice
130 may be determined by experimentation, empirical analysis or by
other suitable method. In one embodiment, the orifice 130 may be
determined by measuring the pressure downstream of the orifice 130
and adjusting the orifice size until a desired pressure is realized.
[0022]In one embodiment, the calibration circuit 144 includes a gas
source, a diverter valve, an orifice, a regulating device and a
sensing circuit. The regulating device is fluidly coupled between the
gas source and an inlet of the diverter valve. The orifice is fluidly
coupled to a first outlet of the diveder valve and has substantially
the same flow resistance as a processing chamber. The sensing circuit
is configured to receive the flow of gases passing through the
orifice. In another embodiment, the calibration circuit 144 utilizes
a calibrated volume for receiving the gas flow. From properties
and/or attributes measured from the gas in the calibrated volume, the
flow rate and/or pressure of the gas entering the sensing circuit may
be verified. In another embodiment, the calibration circuit 144
utilizes a non-calibrated volume for receiving the gas flow. From
changes in the properties and/or attributes measured over time of the
gas in the non-calibrated volume, the flow rate and/or pressure of
the gas entering the sensing circuit may be verified. In yet another
embodiment, the calibration circuit 144 includes a vibrating member
disposed in a calibrated volume. In other embodiments, the
calibration circuit 144 may include a sensor configured to detect at
least one of electrical or magnetic characteristics of gases disposed
in the calibrated volume. In yet further embodiments, the calibration
circuit 144 may include a tank supported by a cantilever. [eon]The
flow leaving the calibration circuit 144 is coupled to the purge line
154 by a calibration circuit outlet line 142. An isolation valve 140
selectively isolates calibration circuit 144 from the purge line 154.
The purge line 154 is coupled to a forefine 138 exiting the
processing chamber 114 which runs to the facility exhaust 136.
[0024]The outlet pods 1066-E are coupled to one or more inlet ports
of the  processing chamber 114 to supply various process gases from
the gas supply sources 102A-F. In the embodiment depicted in Figure
1, outlet ports 106B-E are respectively coupled to inlet ports 110A-D
of the processing chamber 114. A plurality of final valves 116 may be
respectively coupled between the manifold outlet ports 106B-E and
chamber inlet ports 110A-D to serve as an on/off flow control of the
gas flow into the processing chamber 114. [0025]The sixth port 106F
is coupled to the purge line 154 through an 



isolation valve 172. When the isolation valve 172 is opened, the
purge line 154 provides a fast evacuation path that facilitates
efficient removal of the gases from the gas manifold 134 and into the
facility exhaust 136. A throttle valve 156 may be utilized to control
the flow of gases through the purge line 154 from the manifold 134.
The fast evacuation path allows quick gas changes with minimal
cross-talk between gases. [0026]The fast evacuation path may also be
selectively coupled to the manifold outlet ports 106A-E and the
calibration circuit 144. In the embodiment depicted in Figure 1,
by-pass valves 108A-E are disposed between the manifold outlet ports
106A-E and the purge line 154. The by-pass valves 108A-E may be
selectively operated to couple the outlet ports 106A-E to the
foreline 138. For example, the by-pass valve 108A may be selectively
operated to direct gas exiting the manifold outlet port 106A into the
purge line 154, bypassing the calibration circuit 144. In another
example, by-pass valves 108B-E may be selectively operated to direct
gas exiting the manifold outlet ports 106B-E into the purge line 154,
by-passing the processing chamber 114. Isolation valve 172 controls
the flow from the sixth port 106F of the manifold 134 into the purge
line 154. [0027]Sensors 190 may also be provided at various locations
in the gas  delivery system 100 to provide a metric indicative of the
gas flows and/or chemistries within the system 100. The metric
provided by the sensors 190 may be utilized by the controller 150 to
adjust the outputs of the MFC's 170 or other component of the gas
delivery system 100 such that a desired composition, pressure, rate
or volume of gases are provided to the chamber 114. The sensors 190
may be pressure sensor, chemistry sensor, flow rate sensor and the
like.  [0028]Figure 2 is schematic diagram of one embodiment of the
manifold 134  depicted in Figure 1. Each manifold inlet port 104A-F
is respectively coupled to an inlet gas delivery line 220A-F to
facilitate transferring gases from the gas sources 102A-F into the
manifold 134. Each manifold outlet port 106A-F is respectively
coupled to an outlet gas delivery line 232A-F: Each of the gas
delivery lines 232A-F may be selectively coupled to one or more of
the inlet gas delivery lines 220A-F. Although the manifold 134 may be
configured to interface with any number of inlet gas outlet gas
delivery lines, six gas delivery lines 102A-F and six outlet gas
delivery lines 232A-F are shown in the embodiment depicted in Figure
2. Normally, the number of gas inlet delivery lines is commensurate
with the number of gas sources. [0029]The inlet gas delivery lines
220A includes a plurality of connecting lines 250A-F coupling the
inlet gas delivery line 220A to a respective outlet gas delivery line
232A-F. Connecting valves 204A-F are disposed in communication with
the connecting lines 250A-F and may be operated to fluidly couple the
inlet gas delivery line 220A to one or more of the outlet gas
delivery lines 232A-F through the inlet gas delivery line 220A,
depending on the selected operational state of the valves 204A-F. The
connecting valves 204A-F selectively couple the gas source 102A to
selected outlet ports 106A-F, thereby controlling the routing of gas
provided from source 102A through the manifold 134. For example, if
connecting valve 204A is in an open operational state while
connecting valves 204B-F remain closed, gas from the source 102A is
routed through the outlet port 106A to the calibration circuit 122.
In another example, if connecting valves 204B-C are in an open
operational state while connecting valves 204A, D-F remain closed,



adjusted to allow a proportion of the flow passing through the gas
inlet delivery line 220A to enter the respective gas outlet delivery
line. The variable connecting valve 304A-F may be a proportional
valve, a pinch valve, a throttle valve, a mass flow controller, a
needle valve or other flow control device suitable for regulating the
flow between the inlet and outlet lines. [0031]The operational state
of the variable connecting valves 304A-F may be controlled to create
a desired ratio of flow through the valve relative to flow bypassing
the valve, such that the valves 304A-F operate as a flow ratio
controller in the line 220A. The operational state of the variable
connecting valves 304A-F may be adjusted by the controller 150 in
response to a metric provided by' the sensors 190 (not shown in
Figure 3). In this manner, for example, the ratio of gases provided
into two (or more) gas outlet delivery lines 232A-F from the single
gas input delivery line 220A may be adjusted in response to the
metric provided by the sensors 190 so that a target chemistry
composition, flow rate and/or pressure may be realized at the output
106A-F of the manifold 334. Each of the other inlet gas delivery
lines 220B-F are similarly configured with connecting lines 250A-F
and valves 304A-F for coupling the inlet gas delivery lines 220B-F to
the respective outlet gas delivery lines 232A-F. Reference numerals
250A-F and 304A-F associated with the inlet gas delivery lines 2208-F
have been omitted to avoid cluttering of Figure 3. [0032]Returning to
Figure 2, the manifold 134 may additionally include a  bridging
circuit 202. The bridging circuit 202 includes a bridging line 260
that may be selectively coupled to each of the output lines 232A-F by
a respective selector valve 262A-F. Using the bridging circuit 202,
any of the flow components, for example, one of the connecting valves
204, may be coupled to the calibration circuit 144. The bridging
circuit 202 also allows the MFC 170 associated with a fluid source,
for example source 102A, to be coupled to the calibration circuit 144
via a secondary route that incorporates the resistance of the
connecting valve 204A. Moreover, the bridging circuit 202 allows each
output line 232A-E to be coupled (through the output line 232F) to
the purge line 154 from opposite ends, thereby reducing the time
required to purge the manifold 134. [0033]A plurality of disconnects
may also be provided to allow coupling of multiple gas manifolds 134.
In the embodiment depicted in Figure 2, a first group of disconnects
216A are disposed adjacent each outlet port 106A-F while   a second
group of disconnects 216B are disposed in the bridging circuit 202
between the bridging line 260 and the valves 262A-F. For example, as
shown in Figure 4, the second group of disconnects 216B allows the
bridging line 260 of a first manifold 434A to be removed and a first
end 402 of the gas outlet delivery line 232A of the first manifold
434A to be coupled to a second end 404 of the outlet line 232A of a
second manifold 4346 using the mating portions of disconnects 216A,
216B of each manifold 434A, 434B. The other outlet lines 2326-F (not
shown in Figure 3) are similarly coupled. It is contemplated that any
number of manifolds may be coupled together in this manner.
[0034]Returning to Figure 2, one or more sensors 190 as described
above may be interfaced with any of the lines 220A-F, 232A-F, 260,
154 to provide a metric indicative of the gas flows and/or
chemistries within the system 100. The metric provided by the sensors
190 may be utilized by the controller 150 to adjust the operational
state of the MFC's 170, valves 262A-F, 204A-F, 304A-F or other



utilized to supply gas to a processing chamber 114. The gas delivery
system 500 includes a manifold 134 coupled to gas sources 102A-F,
purge line 154 and a calibration circuit 144 as described above.
Outlet ports 106B-E of the manifold 134 are selectively coupled to
inlet port 516, 518 of the processing chamber 114 to facilitate
transferring gases to the processing chamber 114. In the embodiment
depicted in Figure 5, two separate gas inlet ports 516, 518 are
utilized to deliver gases supplied from the manifold 134 to the
processing chamber 114. In one embodiment, the inlet port 516
provides gases to a center of the processing chamber 114, while inlet
port 518 is disposed outward of the inlet port 518 and provides gases
to the outer regions of the processing chamber (e.g., to the
perimeter of the substrate disposed within the chamber). For example,
the inlet port 516 may provide gases to center regions of a
showerhead while the inlet port 518 may provide gases to outer
regions of the  showerhead. In another example, the inlet port 516
may be disposed in a ceiling of a processing chamber and provide
gases downwardly to a substrate while the inlet port 518 may be
disposed in a sidewall of the processing chamber provide gases to
outer regions of the substrate. In yet another embodiment, the gases
may be provided separately through inlet ports 516, 518 such that
mixing of the gases only occurs once within the interior volume of
the processing chamber 114. [0036]Flow ratio controllers (FRC) 502,
504 are coupled to each outlet ports 106D-E. The FRC's 502, 504 split
the flows exiting each outlet ports 106D-E so that a predetermined
flow ratio is provided between each inlet port 516, 518 of the
processing chamber 114 The FRC's 502, 504 may have a fixed output
ratio, or may have an adjustable output ratio. The output of the
FRC's 502, 504 and the manifold output ports 106B-C are respectively
combined into common delivery lines 522, 524. Flow through each
delivery line 522, 524 is controlled by a final valve 508, 506
positioned just upstream of the inlet ports 516, 518 of the
processing chamber 114. [ow]By-pass valves 510, 512 are coupled to
each delivery line 522, 524. The by-pass valves 510, 512 may be
opened to couple each delivery line 522, 524 to the purge line 154.
[0038]The gas delivery systems described provides many advantages
over conventional systems. In addition to the system's modularity,
the gas delivery system may be operated to provide pre-flow path, a
fast evacuation path, controlled chemical mixing, more efficient use
of chemistries, sequenced reduced fill and evacuation times, closed
loop control for fine tuning of chemistry delivery and flow
verification. PRE-FLOW PATH  [0039]In one mode of operation, a
pre-flow path is defined through the gas delivery system 100 and
provides a connection to the chemistry source (e.g., sources 102A-F)
through one or more valves to a vacuum environment that is separate
from the processing chamber 114 (e.g., the foreline 138 through the
purge line 154). Before gases are requested in the processing chamber
114, the gases may be supplied to the appropriate lines of the
manifold 134 of the gas delivery system 100 in a condition that
substantially matches the condition of the gas as if it was flowing
into the processing chamber 114. This allows the gases  



within the manifold 134 to rapidly reach a steady state condition
that is substantially maintained one the gases are diverted into the
processing chamber 114. Since the pre-flow path allows the gases
within the gas delivery system 100 to stabilize in a "process
condition" before being delivered into the processing chamber 114,
there is little or no change in the flow conditions within the
delivery system 100 once flow to the chamber is commenced, unlike
conventional gas delivery systems which typically experience a
pressure drop and diminished flow rates. Thus, the uniformity of gas
delivery in the processing chamber to be quickly established because
as the pre-flow path provides, substantially the same resistance and
flow conditions as if the gases were flowing into the processing
chamber. The throttle valve 144 may also be utilized to match the
conditions in the pre-flow gas path to that of the processing chamber
114. [0040]Additionally, any flow dividing devices, such as the flow
ratio controllers 502, 504 or valves 304A-F, may have their outputs
routed into the pre-flow path prior to processing so that the outputs
of the dividing devices can be stabilized before flow is delivered to
the processing chamber. In one embodiment, the pre-flow path is
defined through the purge line 154 and the bypass lines through the
manifold outlets 106A-B through the by-pass valves 108A-F and into
the purged line 154. FAST EVACUATION PATH pallIn another mode of
operation, a fast evacuation path is defined in the gas delivery
system 100 and provides a connection from the manifold 134 to the
foreline 138 through the purge line 154. The fast evacuation path
provides a connection from the chemical delivery sources through the
processing chamber delivery path through one or more valves to a
vacuum environment that is separate from the processing chamber 114
(e.g., the foreline 138 through the purge line 154). The fast
evacuation path is coupled to each chamber connection such that there
is at least one connection between any two flow restrictions, such as
the flow ratio controllers 502, 504, valves 304A-F or other flow
restriction. When it is required that the chemistry within the
processing chamber 114 should change, the isolation valve 172 and
by-pass valves 108A-E to the vacuum environment will be opened,
removing the excess process chemicals from the chemical delivery
path.  [0042]As discussed above, the operational state of the various
valves within the manifold 134 may be sequenced such that the purge
time of chemicals being removed from the gas delivery system 100
through the fast evacuation path is minimized. Additionally, the
operational state of the valves 204A-F may also be sequenced so that
as certain regions the manifold 134 are emptied of the chemicals
utilized in the previous process, the emptied regions may be then
filled with the new chemistry, such that the gases within the
manifold 134 are replaced in the most efficient manner. Moreover, as
certain portions of the manifold 134 are evacuated more quickly
relative to other portions of the manifold, sequencing the valves
204A-F may be made in a manner that allows the new chemicals
replacing the old chemicals to reach equilibrium (e.g., processing
flow conditions) in the shortest time possible. [0043]In one
embodiment, higher pressure, volume and/or flow of replacement gases
from the sources 102A-F may be provided to one or more regions of the
manifold 134 to expedite changeover. As the flow of replacement gases
exiting the manifold 134 approaches the desired chemical mix,
pressure and/or volume, the flow of chemicals into the chemical



capacity of the purge tine 154 is dedicated to only those lines
requiring gas removal so that change over of processing gases may be
made in an efficient manner. It is also contemplated that the fastest
evacuation path may include routing gas flows through the bridging
circuit 202 to the purge line 154 for at least a portion of the
change over time. CHEMICAL MIXING AND CLOSED LOOP CONTROL [0045]In
another mode of operation, the gas delivery system 100 may be
utilized to enhance chemical mixing. In one embodiment, chemical
mixing may occur within the manifold 134 using the valves 304A-F or
by coupling two or more sources 102A-F to a single gas outlet
delivery line 232A-F. [00461In another embodiment, the sensors 190
may be utilized to provide closed loop control of the chemical mixing
within the gas delivery system. By monitoring the chemistries
entering the chamber 114, exiting the manifold 134 and/ or at any
other point within the gas delivery system 100 using the sensors 190,
real time adjustment of chemistry parameters, such as desired
composition (e.g., gas mix), rate and/or pressure, may be realized.
For example, if sensors detect an improper flow ratio of chemistry
from sources 102A-B exiting the manifold at port 106C, the
operational state of the valves 304C coupling inlet delivery lines
220A-220B to outlet delivery line 232C may be adjusted to bring the
chemistry flows to a desired target ratio. The same process may be
performed using the other valves or flow ratio controllers.
Information from the sensors 190 may also be utilized to adjust the
MFC settings, flow rates and/or pressures of the gases provided from
the sources 102A-F. CONSERVATION OF GASES/CHEMISTRIES  [0047]In
another mode of operation, the gas delivery system 100 enhances
efficient use of chemistries. For example, the sequence of in which
the operational states of the valves 204A-F, 172, 108A-E, 262A-F are
changed may be arranged in a manner that removes gases from the
manifold 134 most effectively and with minimal mixing of gases,
thereby allowing faster response time and reduced processing time.
Thus, during gas changes, the rate that gases are drawn through the
delivery path (e.g., through outlet lines 232A-F) and into the purge
line 154 may be adjusted using the throttle valve 156 to advance the
gases quickly through the manifold 134. Moreover, while the purge
line 154  is drawing gases through the manifold 134, lines which are
contain gases ready for the next processing sequence, such as newly
introduced gases, purge gas and/or the fast remnants of gases
previously contained in the manifold, may be diverted from the purge
line 154 and flowed into the processing chamber 114. This allows the
remaining lines coupled to the purge line 154 to be evacuated more
rapidly. In one embodiment, a metric provided by the sensors 190 may
be utilized to indicate when a diversion from the purge line 154 to
the chamber 114 should occur, for example, by a change or
stabilization in the composition of the gases, flow rate and or
pressure of gases within the line. FLOW VERIFICATION  



[0048]In another mode of operation, the gas delivery system 100 may
be utilized to verify the flow rates of any of the components within
the system using the calibration circuit 144. For example, the valves
of the system 100 may provide flow from any one of the inlet ports to
the calibration circuit 144. In another example, flows divided by
valves of the system may be verified for flow rates along each branch
of the divided flow. [0049]Figure 6 is a simplified schematic of a
semiconductor processing chamber 114 coupled to another embodiment of
a gas delivery system 600. The gas delivery system 600 is configured
substantially similar to the gas delivery systems describe above,
except wherein the system 600 includes a storage tank 630 coupled to
at least one of the output ports 106A-F of the system's manifold 134.
The storage tank 630 may be coupled to the at least one or more of
the processing chamber 114, a second processing chamber 614 (shown in
phantom), a gas delivery system 100 (500 or 600) of the second
processing chamber 614, the calibration circuit 144 or the facility
exhaust 136. A sensor 190 may be provided to provide a metric
indicative of the gas within the tank 630. In one embodiment, the
metric may be indicative of the gas pressure, gas composition (e.g.,
chemistry), temperature or other characteristic. [0eso]In one
embodiment, each output port 106A-F may be individually coupled to
the tank 630. In another embodiment, the tank 630 may be segmented
(as shown in phantom) so that each 106A-F may be retained in the tank
630 without mixing, then individually coupled to the processing
chamber 114. Alternatively, separate tanks 630 may be use. It is also
contemplated that  the inlet of the tank 630 may be utilized to
deliver gases to the processing chamber 114. [0ost]Thus, gas delivery
systems having fast evacuation paths that advantageously enable
processing gases supplying from the gas delivery systems into a
processing system with stable gas flow and minimum fluctuation. The
fast evacuation paths are utilized to provide an alternative manner
to verify and/or calibrate gas flows from the gas delivery systems,
thereby providing good control of the gas flow supplying to the
processing system. [0052)While the foregoing is directed to
embodiments of the present invention, other and further embodiments
of the invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the claims that
follow.  



REFERENCE NUMERALS  100 gas delivery system 102A gas sources 102B gas
sources 102C gas sources 1020 gas sources 102E gas sources 102F gas
sources 104A inlet port 104B inlet port 104C inlet port 104D inlet
port 



104E inlet port 104F inlet port 106A outlet port 106B outlet port
106C outlet port 106D outlet port 106E outlet port 106F outlet port
114 processing system 116 final valves 134 manifold 136 exhaust 138
foretine 142 shut-off valve 144calibration circuit 



146 circuit outlet line 150 controller 154 purge line 156 throttle
valve 170 mass flow controller 172 isolation valve 190 sensor 202
bridging circuit 204 connecting valve 220 inlet gas delivery line 232
outlet gas delivery line 250 connecting lines 260 bridging line 262
selector valve 304A valve 30413 valve 304C valve 304D valve  304E
valve 304F valve 



402 first end 404 second end 434A manifold 4346 manifold 500 system
502 flow ratio controller 504 flow ratio controller 516 port 518 port
-16-.  What is claimed is:   I. Apparatus for delivering gases to a
semiconductor processing system, comprising: a plurality of gas input
lines each having an inlet port; 



a plurality of gas output lines each having an outlet port, at least
a first outlet port of the plurality of outlet ports coupled to a
facility exhaust and at least a second outlet port of the plurality
of outlet ports coupled to a processing chamber; a plurality of
connecting lines, each connecting line coupling a respective pair of
gas input and gas output lines, wherein each gas input line is
coupled to each gas output line by a respective one of the plurality
of connecting lines; a plurality of connecting valves, each
connecting valve arranged to control flow through a respective
connecting line; a plurality of mass gas flow controllers, each mass
gas flow controller arranged to control flow into a respective inlet
port; and a flow restrictor coupled to one of the outlet ports that
is of substantially equal restriction to an inlet of the processing
chamber. 2. The apparatus of claim 1 further comprising: at least one
sensor arranged to provide a metric of at least one of flow, pressure
or chemistry from gas exiting at least one of the outlet ports. 3.
The apparatus of claim 2 further comprising: a controller configured
to adjust a characteristic of a gas flowing within at least one of
the gas input lines in response to the metric provided to the
controller by the sensor.  4. The apparatus of claim 1 further
comprising: a purge line coupling at least a second gas output line
of the plurality of gas output lines and a facility exhaust bypassing
the processing chamber; wherein the processing chamber is coupled to
at least a first gas output line of the plurality of gas output
lines. 



S. The apparatus of claim 4 Thither comprising: a final valve coupled
to a second ou tlet port of the plurality o r outlet ports; and a
by-pass valve coupled between the second outlet port and the purge
line.   6. The apparatus of claim 4 fiirther comprising: a throttle
valve arranged to control flow through the purge line.   7. The
apparatus of claim 1, wherein at least one of the outlet ports
connected to the facility exhaust is also connected to the processing
chamber.   8. The apparatus of claim 1 further comprising: at least
two adjustable valves coupled ma first outlet port of the outlet
ports, the adjustable valves configured to divide flow from the first
outlet port.   9. The apparatus of claim 1, wherein at least one of
the connecting valves further comprises: at least two adjustable
valves configured to divide flow from one of the inlet port between
two or more of the outlet ports.  10. The apparatus of claim 9
further comprising: a calibration circuit configured for calibrating
an effective open area of the adjustable valves by measuring flow
through the adjustable valves while critical (supersonic) 



flow is maintained through the connecting valves.   11. The apparatus
of claim 1 further comprising: two or more orifices contained within
the connecting valves or connecting lines sized to maintain choked
flow through the orifice such that a flow supplied from one or more
inlet ports to two or more orifices is divided between the two or
more orifices such that the flow through each orifice is proportional
to the area of the orifice.  - 18 -    12. The apparatus of claim 11,
wherein each orifice is fluidly coupled to a respective one of the
connecting valves such that flow from one or more inlet ports is
divided between the orifices such that the flow through each orifice
is proportional to the area of the orifice and proportional to the
amount of time the connecting valve coupled to each orifice is open.
13.. The apparatus of claim 11, wherein one of the inlet ports is
coupled to three or more orifices, wherein each orifice is fluidly
coupled to a respective connecting valve, and wherein at least two of
the orifices are coupled to at least one o Ithe outlet ports such
that flow is divided between the outlet ports is proportional to a
sum of open area of all orifices -  fluidly coupled to each outlet
port through which flow is permitted by the fluidly coupled
connecting valve.   14. The apparatus of claim 11 further comprising:
a calibration circuit configured to calibrate the area of the
orifices by measuring flow through the orifice while critical
(supersonic) flow is maintained through the connecting valves.   15.
Apparatus for delivering gases to a semiconductor processing system,
comprising: 



a plurality of gas input lines each having an inlet port; a plurality
of gas output lines each having an outlet port, at least a first
outlet port of the plurality of outlet ports coupled to a processing
chamber and having a flow resistance approximately equal to a flow
resistance of the processing chamber; a plurality of connecting
lines, each connecting line coupling a respective pair of gas input
and gas output lines; a plurality of connecting valves, each
connecting valve arranged to control flow through a respective
connecting line; and aplurality of mass gas flow controllers, each
mass gas flow controller arranged to control flow into a respective
inlet port. 16. The apparatus of claim 15 further comprising: a
calibration circuit coupled to at least one of the outlet ports.
17. The apparatus of claim 15, wherein at least one of the outlet
ports is coupled to a facility exhaust.    18. The apparatus of claim
15, wherein all of the outlet ports are selectively coupled to a
facility exhaust through a valve.  - 19-     19. The apparatus of
claim 15, wherein all of the outlet ports are selectively coupled to
a calibration circuit through a valve.    20. Apparatus for
delivering gases to a semiconductor processing system, comprising: 



a body having a grid of input and output channels formed therein, at
least two of the output channels separately coupled to a processing
chamber, wherein each input channels is coupled to each output
channel; a plurality of connecting valves, each connecting valves
respectively coupling a respective pair of input and out-pin
channels; a facility exhaust coupled to at least one of the output
channels bypassing the processing chamber; a plurality of mass gas
flow controllers, each mass gas flow controller arranged to control
flow into a respective inlet channel; and a -flow restrictor coupled
to one of the outlet channels that is of substantially equal
restriction to an inlet of the processing chamber. - 20 - 


