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SYSTEMS AND METHODS FOR TREATING
FLAMMABLE EFFLUENT GASES FROM
MANUFACTURING PROCESSES

[0001] The present application claims priority to U.S. Pro-
visional Patent Application Ser. No. 61/120,844 filed Dec. 8,

2008 and entitled “Systems And Methods For Treating Flam-

mable Effluent Gases From Manufacturing Processes™ (At-
torney Docket No. 13183/L), to U.S. Provisional Patent
Application Ser. No. 61/026,131 filed Feb. 5, 2008 and
entitled “Abatement Systems” (Attorney Docket No. 13208/
L) and to U.S. Provisional Patent Application Ser. No.
61/026,432 filed Feb. 5, 2008 and entitled “Abatement Sys-

tems” (Attorney Docket No. 13208/L2) all of which are
hereby incorporated herein by reference 1n their entirety for

all purposes.

CROSS-REFERENCE TO RELATED
APPLICATIONS/PATENTS

[0002] The present application 1s related to the following
commonly-assigned, co-pending U.S. Patent Applications
and Patents, which are hereby incorporated herein by refer-
ence 1n their entirety for all purposes:

[0003] U.S. Patent Application publication number 2006/

0104879, filed Nov. 12, 2004, entitled “Reactor Design To
Reduce Particulate Deposition During Process Abatement,”

[0004] U.S. Patent Application publication number 2006/

0104878, filed Nov. 18, 2004, entitled “Safety, Monitoring
And Control Features For Thermal Abatement Reactor,” and

[0005] U.S. Pat. No. 7,138,096, entitled “Method For
Decomposition Of Gaseous Pollutants.”

FIELD OF THE INVENTION

[0006] The present invention relates to the treatment of gas
streams containing pollutants, and more specifically to meth-
ods and apparatus for treatment of flammable effluent gases
resulting from manufacturing processes.

BACKGROUND OF THE INVENTION

[0007] Inthe manufacture of semiconductor materials, and
clectronic devices, products, and memory articles, a wide
variety of chemical compounds are employed. In such pro-
cesses, effluent gases may be produced, some of which may
be ﬂammable For example, flammable or pyrophoric gases
such as hydrogen gas and/or silane gas may be produced as
eitluent gases. As such, 1t may be generally desirable to treat
these effluent gases, such as by passing them through an
appropriate abatement unit.

[0008] Conventional effluent abatement systems typlcally
include thermal reactors which may remove waste effluent
components at decomposition removal efficiencies of greater
than 93%, for example. In the case of flammable or pyro-
phoric effluent gases, such as hydrogen gas and silane gas, the
cifluent gases themselves may be used as the fuel for the
abatement unit. When combined with an oxidant, the flam-
mable or pyrophoric effluent gases may be appropriately
ignited and combusted.

[0009] As thermal abatement systems have developed, so
has the desirability for developing safety systems to enable
safe operation of such abatement systems and to reduce or
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climinate possible explosion risks. This 1s especially true for
systems where the process effluent gas 1s highly flammable or
pyrophoric.

[0010] Accordingly, methods and apparatus for increasing
the safety for such effluent treatment systems are desired.

SUMMARY OF THE INVENTION

[0011] In one aspect a method of treating a flammable
citluent gas from an electronic device manufacturing process
1s provided. The method includes the steps of providing the
flammable effluent gas from the manufacturing process to an
abatement unit which i1s adapted to abate the flammable eftlu-
ent gas; monitoring a parameter of the abatement unit; divert-
ing the flammable effluent gas to bypass the abatement unit 1f
the parameter of the abatement unit falls outside a predefined
bound; and mixing the diverted flammable effluent gas with a
second gas to form a gas mixture having a lower flammability
than the flammable effluent gas

[0012] Inanother aspect, a method for treating a flammable
eifluent gas 1s provided including the steps of providing the
flammable effluent gas from an electronic device manufac-
turing process tool to an abatement unit which 1s adapted to
abate the flammable effluent gas; diverting the flammable
eifluent gas from the abatement unit at certain times; and
mixing the diverted flammable effluent gas with a second gas
to form a gas mixture having a flammability lower than the
flammable effluent gas.

[0013] In another aspect, a method of treating a flammable
eitluent gas from an electronic device manufacturing process
1s provided. The method includes the steps of flowing the
flammable effluent gas from a process chamber of the elec-
tronic device manufacturing process to an abatement unit
wherein the flammable effluent gas 1s comprised of silane and
hydrogen; monitoring a parameter of the abatement unait;
diverting the flammable eftluent gas to bypass the abatement
unmit 1f the parameter of the abatement umt falls outside a
predefined bound; and mixing the diverted flammable eftlu-
ent gas with a nitrogen gas to form a gas mixture having a
lower flammability than the flammable effluent gas.

[0014] Inanother aspect, a system for treating a flammable
cifluent gas of an electronic device manufacturing process
chamber 1s provided including an exhaust conduit adapted to
carry the flammable effluent gas to an abatement unit; a
monitoring system coupled to the abatement unit and adapted
to sense a parameter of the abatement unit; a bypass valve
coupled to the exhaust conduit and operatively responsive to
the monitoring system, wherein the bypass valve has a bypass
mode and a flow through mode, and wherein a tlow of the
flammable effluent gas 1s diverted from the abatement unit 1n
the bypass mode, and a flow of the flammable effluent gas 1s
directed to the abatement unit 1n the flow through mode; and
a second gas source adapted to mix the second gas with the
flammable effluent gas when the bypass valve 1s operating 1n
the bypass mode.

[0015] In another aspect, a method of treating a flammable
eifluent gas 1s provided, including the steps of flowing the
flammable effluent gas from an electronic device manufac-
turing process tool through a pump and exhaust conduit to an
abatement unit and, during the step of tflowing, purging the
pump with a volumetric tlow rate of purge gas of a first
magnitude; shutting down the flow of the flammable effluent
gas from the manufacturing process tool; and reducing the
volumetric tlow rate of the purge gas to a second, nonzero
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flow rate for a period of time to at least partially purge the
pump and the exhaust conduit between the pump and the
abatement unit.

[0016] In yet another aspect, a method of treating a flam-
mable effluent gas 1s provided, including the steps of flowing
flammable effluent gas from an electronic device manufac-
turing process tool to an abatement unit through exhaust
components; shutting down the flow of the tlammable effluent
gas from the manufacturing process tool; and delaying a
shutdown of the abatement unit for a period of time to purge
the flammable effluent gas from at least some of the exhaust
components located between the manufacturing process tool
and the abatement unait.

[0017] Numerous other aspects are provided 1n accordance
with these and other aspects of the invention. Other features
and aspects of the present mnvention will become more fully
apparent from the following detailed description, the
appended claims and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 1s a schematic depiction of a system {for
treating flammable effluent gases of the present invention.
[0019] FIG. 2 1s a flowchart illustrating a method of the
present invention.

[0020] FIG. 3 1s a schematic depiction of another embodi-
ment of a system for treating flammable effluent gases of the
present invention.

DETAILED DESCRIPTION

[0021] Flectronic device manufacturing processes use a
variety of chemical reagents and some fraction of these
reagents may pass through process tools unused. These
unused reagents, 11 they are simply routed directly through a
facility exhaust system, may be undesirable for the environ-
ment, and/or pose a fire and/or explosion risk. In addition,
clectronic device manufacturing processes may create
byproducts which may be similarly undesirable and may pose
similar risks. For ease of reference, undesirable, toxic, flam-
mable, pyrophoric and/or explosive, unused-reagents and
byproducts exhausted from such processes may be referred to
herein as “effluent gases™ or merely “effluent.”

[0022] To avoid possible harm to the environment, and/or
possible safety risks, the electronic device manufacturing
industry has generally embraced the abatement of such efllu-
ent gases. Abatement of undesirable effluent gases may take
many forms, but ultimately abatement may transform unde-
sirable effluent gases 1nto non- or less noxious materials and/
or gases. One method of a Jatmg undesirable effluent gases 1s
to burn or combust the effluent gases 1 an abatement unit
thereby converting the gases to less toxic forms, such as, for
example, CO, and water vapor and possibly particulate mat-
ter.

[0023] In processes for the manufacture of solar panels, for
example, large volumes of unused hydrogen and silane
reagents, which are flammable and pyrophoric, respectively,
may be exhausted from the manufacturing process chamber
(e.g., a CVD deposition chamber). It may be desirable to
abate these generally large volumes of such flammable and/or
explosive gases. Other flammable gases that may be effluent
gases from electronic device manufacturing processes may
include germane (GeH,), phosphine (H,P), arsine (H;As),
etc. For ease of understanding, any effluent gas which 1s either
flammable, pyrophoric, and/or explosive shall be generically
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referred to herein as being a “flammable gas.” During abate-
ment of these flammable gases, 11 the abatement unit process-
ing these flammable effluent gases were to malfunction com-
pletely, or stmply operate improperly or inefficiently, 1t may
provide an operating condition which may be unsafe, e.g., a
flammable gas or mixture of gases may pass unabated from
the abatement unit. For example, a pilot or 1gnition mecha-
nism malfunction may result 1n such a condition.

[0024] It 1s thus desirable to operate the abatement unit 1n
such a way as to reduce or avoid the possibility of a flammable
gas or mixture of gases passing unabated from the abatement
unit. In some embodiments of the present invention, an oper-
ating parameter of an abatement unit may be monitored.
Monitored 1tems may include, for example, a status of a pilot
or ignition mechanism, a status of a burner flame in the
abatement unit via a radiation or temperature sensor, a flow
rate of the effluent input, a fuel leak (via a fuel leak sensor), a
recirculation or fresh water tlow, a CPU f{fault, a liqud
detected via a secondary containment sensor, a tlow of aux-
iliary fuels (1f any), a flammability of an exhaust gas from the
abatement unit via an intrinsically safe flammable gas sensor,
inlet pressure, exhaust pressure, and/or a chemical composi-
tion of effluent which exits the abatement unait.

[0025] In accordance with embodiments of the mvention,
the effluent flow may at times be diverted from the abatement
unit. When a momtored parameter falls outside of a pre-
defined bound (e.g., a threshold value 1s surpassed, either by
exceeding or falling beneath the value) then the flammable
citluent gas may be diverted to bypass the abatement unit. The
diversion of effluent to bypass an abatement unit 1s deemed
herein to be a “bypass event.” Once diverted in abypass event,
the flammable effluent gas may be mixed with a second gas
(e.g., an 1nert gas) thereby diluting the effluent gas. The sec-
ond gas may be an 1nert gas, such as nitrogen, argon, helium,
or any gas that will prevent combustion of the effluent or the
formation of toxic by products.

[0026] A “lower flammability limit” of a gas (e.g., an elllu-
ent gas mixture) may be defined as a concentration of the gas
in air below which a gas/air mixture will not support combus-
tion, e.g., below which a gas/air mixture will not be tlam-
mable. Thus, 1n some embodiments, a sufficient amount of the
second gas may be mixed into the effluent gas during a bypass
event such that a concentration of the diluted effluent gas may
be below the lower flammability limit of the gas. In some
embodiments, the concentration of a mixture of flammable
and/or pyrophoric gases may be diluted to an extent such that
the concentration of each constituent gas may be below its
lower tflammability limit. For example methane or hydrogen
may typically be diluted to below one quarter of their respec-
tive lower flammability limits. When S1H,, a pyrophoric gas,
1s one of the effluent gases, the second gas may be provided in
a volume suificient to dilute S1H,, to below SiH,,’s pyrophoric
concentration of 1.6% 1n air. In this manner, sate exhaust of
the effluent gas with a reduced or a zero risk of flame or
explosion may be accomplished. Generally, the diluted gas
may be sent to a house scrubber or point of use (“POU”)
scrubber.

[0027] In bypass events, the abatement unit may be shut
down immediately (e.g., during critical events) and therefore
the bypass valve may be actuated immediately. Such bypass
events may include sensing a tuel leak, inadequate recircula-
tion tluid flow or overload, a detection of a liquid 1n a con-
tainment, or a CPU failure, for example. In other events (e.g.,
delayed shutdown events), the actuation of the bypass valve
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may not be required. In such delayed shutdown events, the
shutdown of the abatement system 1s delayed for a predefined
time aiter the shutdown of the manufacturing process tool. In
delayed shutdown events, because such events are not critical
events which may result 1n an immediate undesirable condi-
tion being present, the delay may allow for a purge clearing of
ceifluent gas from various system components, such as
vacuum pump(s) and any conduits located between the pump
(s) and the abatement unit before shutting down the abate-
ment unit. In this manner, abatement of the effluent gas may
be continued for a short period of time as the system compo-
nents are being purged. In such a delayed bypass event, the
purge gas may push a plug of effluent gas through the abate-
ment umit and thus may desirably allow for the abatement of
the gases remaining in the process conduits and pump(s).
These and other embodiments of the system and method are
described below with reference to FIGS. 1-3.

[0028] FIG. 1 1s a schematic diagram of an exemplary
abatement system 100 of the present mvention. The abate-
ment system 100 may include an abatement unit 102 which
may be adapted to abate effluent gas which has been
exhausted from one or more chambers of one or more manu-
facturing process tools 104. Effluent gas may flow from the
process tool 104 through one or more exhaust conduits 105,
106, and 107 to the abatement unit 102, for example. Abate-
ment unit 102 may be adapted to abate flammable effluent gas
or mixture of gases via combustion and/or decomposition, for
example. Suitable abatement units are described 1n US patent
application publication number 2006/0104879 filed Nov. 12,
2004, and entitled “Reactor Design To Reduce Particulate
Deposition During Process Abatement,” and U.S. Pat. No.
7,138,096 entitled “Method For Decomposition Of Gaseous
Pollutants,” which are incorporated by reference above. The
abated effluent may then be exhausted from abatement unit
102 through exhaust outlet 108, for example, where 1t may
pass to the atmosphere. Optionally, the exhaust may flow to
additional abatement devices (not shown), such as a particle
removing apparatus (e.g., a packed bed), a POU scrubber, or
house scrubber.

[0029] The present invention 1s operative with any abate-
ment unit 102 that 1s adapted to process the effluent gas. The
particular type ol abatement unit is not itself of consequence
to the invention, and any suitable reactor which may abate the
eltluent gas may be employed. The abatement unit may be, for
example, a fuel burning thermal abatement unit such as a
Marathon Abatement System manufactured by Applied
Matenals, Inc. of Santa Clara, Calif. Alternatively, the abate-
ment unit may be electrically heated, or heated by any other
suitable method. In some cases the abatement unit may need
to be fueled with an auxiliary fuel source (e.g., natural gas). In
other embodiments, the abatement unit may only need a
mimmal amount of auxiliary fuel 1n order to abate the eftlu-
ent, such as when the effluent gas 1s itself flammable (e.g., H,
or silane) and thus itsellf comprises the fuel.

[0030] In more detail, the manufacturing process tool 104
may be any tool or system that includes a process chamber
(not shown) for producing electronic devices, such as LSIs
(Large Scale Integrated Circuits), LCDs (Liquid Crystal Dis-
plays), solar cells, or subcomponents thereot, or the like, for
example. As described above, the tool 104 may 1nclude pro-
cess mput gases (designated by arrow 109) wherein some
fraction of which may be consumed and some fraction may
simply pass through the process chamber (e.g., silane and/or
H2). The tool 104 may further produce effluent gases as a

Aug. 27,2009

byproduct of the process occurring within the chamber.
Together, these effluent gases (those passing through and
those created) may pass to the abatement unit 102 for abate-
ment. Exemplary processes taking place within the process
chamber of the process tool 104 may include deposition,
etching, cleaning, seasoning, or any other suitable process.

[0031] For example, 1n solar cell manufacturing processes,
the process chamber of the process tool 104 may produce a
thin film of amorphous or crystalline silica on a substrate by
the use of a silane gas (S1H,) and hydrogen gas (H,) as the
input process gases at 109. Upon decomposition by a suitable
process (e.g., PECVD or Cat-CVD), a silica film may be
formed on the substrate within the chamber. However,
because of a relatively low conversion rate, the exhaust (waste
or effluent gas) from the process tool 104 may still contain
relatively large quantities of hydrogen and/or silane which
may be desirable to abate.

[0032] According to some embodiments, a pump 110 may
be included, such as a vacuum pump, to maintain tlow of the
eifluent gas and so that the process chamber of the tool 104
may be provided with a suitable vacuum level. Only one
pump 1s depicted, but 1t should be recognized that multiple
pumps, for example, staged vacuum pumps, may be used.
Further, 1n operation, the pumps may include some inert gas
(e.g., N,) as a purge gas, for example. In some embodiments
of the mvention, a bypass valve 111 may be coupled to the
conduit 106 which may be attached to and receive the effluent
flow from the pump 110. The bypass valve 111 may be of any
practical construction, such as a stainless steel or a high nickel
alloy with sealing surfaces. The valve design may be a ball,
gate, diaphragm, or any suitable valve. For example, suitable
pneumatically operated stainless steel 1 inch internal diam-
cter bypass ball valves are available from SVF Flow Controls
Inc. The bypass valve 111 may be operative between a tlow
through configuration, where the effluent may be flowed
through conduit 107 into the abatement unit 102, and a bypass
configuration which may divert the effluent gas flow from the
abatement unit 102 at times during system operation. For
example, the effluent flow may be diverted to a bypass conduait
112 when a control system 113, including controller 114 and
one or more sensors 116, determines that a parameter sensed
by one or more of the sensors 116 falls outside of a predefined
bound for the abatement unit 102. The predefined bound may
be a measured condition or state 1n which, 1f the abatement
unit 102 were allowed to continue beyond a predefined time
in that condition or state, the abatement system 100 may be
impacted to the point where an undesirable or unsate condi-
tion may arise (e.g., a condition suitable or favorable for an
explosion or fire). In such critical bypass events, the pre-
defined time may be short (e.g., on the order of several sec-
onds or less, such as, about 30, 20, 10, 5, 4, 3, 2, or 1 second
(s), or less). However, in delayed shutdown events, the
abatement unit may continue to operate for up to about 30, 20,
or 15 seconds after the shutdown of the process tool 104 so as
to clear/purge system components such as pumps and con-
duits and then bypass may be needed. The amount of delay
time for delayed shutdown events depends on the volume of
the system between the tool and the abatement unit. Thus,
depending upon the volume of the system between the pro-
cess tool and the abatement unit, the abatement unit may
continue to operate for up to about 30, 20, or about 10 seconds
aiter the shutdown of the process tool 104.

[0033] Accordingly, one or more sensors 116 may be
operatively coupled to the abatement unit 102 and employed
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to determine one or more operating parameters (€.g., a con-
dition) of the abatement unit 102. The monitored operating
parameters may include any of the parameters listed above.

[0034] The one or more sensors 116 may be communica-
tively connected with controller 114. A flame and/or a tlam-
mable gas sensor may be used, such as described in US patent
application publication 2006/0104878 filed Nov. 18, 2004,
and enfitled “Safety, Monitoring And Control Features For
Thermal Abatement Reactor.”” The controller 114 may con-
tinuously monitor one or more operating parameters of the
abatement unit 102 via input(s) from the one or more sensor
(s) 116. Controller 114 may be a central processing unit or
other control system such as a microprocessor and memory
wherein a program may be stored and executed to generate an
output command to the bypass valve 111. In particular, 1n
response to a sensed mput or mputs, the controls 114 may
generate an output command (€.g., an electrical signal) which
may control the mode of the bypass valve 111 between the
flow through mode and the bypass mode.

[0035] For example, as described above, the bypass valve
111 may include a flow through mode, where 11 the abatement
unit 102 1s deemed by the control system 113 to be operating,
within acceptable bounds of the operating parameter or
parameters sensed, then the effluent gas may be passed
through the bypass valve 110 and to the abatement unit 102
for suitable abatement. Contrarily, in the bypass mode, the
bypass valve 111 may be set such that effluent gas flow
bypasses the abatement unit 102 and may be directed to, and
may pass through, the bypass conduit 112. The diversion to
the bypass mode may occur, for example, when a sensed
parameter exceeds a predetermined bound. In operation,
when a bypass event 1s determined, the supply of process gas
109 to the tool 104 may be immediately shut off and the tool
exhaust valves (not shown) located at the exit of the process
chambers (not shown) of the tool 104 may be closed. The
predetermined bound may be set based on experience with the
abatement unit 102, and may be set conservatively such that
an unsafe condition may never occur. In cases where a critical
bypass event 1s sensed, the bypass mode may be immediately
commanded. IT a delayed shutdown event 1s sensed, then the
flow to the tool 1s shutdown, but the system may continue to
abate the effluent contained 1n the conduits and system com-
ponents located between the tool and the abatement unit, after
which the abatement unit may be shut down.

[0036] Inbypass events, generally simultaneously with the
output command from the controller 114 to the bypass valve
111 to divert the effluent gas, a command to a second valve
120 may open the second valve 120 and mix a second gas
passing through conduit 121 from a second gas supply 122
into the conduit 106 containing the etffluent gas. Accordingly,
the mixed gases pass through conduit 112. The second gas
may be an 1nert gas such as nitrogen, helium, argon, or any
other non- volatile, non-oxidizing gas. By mixing 1n the sec-
ond gas from the second gas supply 122, a diluted gaseous
mixture may be formed having a lower flammability limit
which 1s greater than the lower flammability limit of the
undiluted effluent gas. This gaseous mixture may then be
exhausted to the atmosphere through conduit 112 or an appro-

priate in-house or POU scrubber through exhaust conduit
108.

[0037] Thetlammable effluent gas may include one or more
constituent gases. The second gas may be mixed with the
flammable effluent gas 1n a proportion such that a concentra-
tion of a constituent gas of the flammable effluent gas may be
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reduced below the lower flammability limit of the constituent
gas. The second gas may also be mixed with the flammable
eifluent gas 1n a proportion such that each of the one or more
constituent gases of the flammable effluent gas may be
reduced below the particular constituent gas’ lower flamma-
bility limit. The resulting diluted effluent gas may be non-
flammable. The flammable constituent gases of the effluent
gas may be about 2% or less, or even about 1% or less, of the
total volume of diluted effluent gas. The volumetric flow rate
of the second gas into the conduits 106 and through conduit
112 should be relatively fast, such as 0.5 m>/s or more, for
example. This may be accomplished by the use of a second
gas supply 122 which may be appropriately pressurized and a
throttling valve 123, for example. The second gas supply 122
may be contained 1n any suitable pressure vessel and may be
maintained 1n the vessel at a pressure of between about 75 psi
and about 120 psi, and, 1n some embodiments, about 90 psi,
for example. As the supply of the second gas (e.g., N,) 1s
diminished (through use, for example) the second gas supply
122 may be refilled from a secondary supply of the second gas
(designated N, 1n FIG. 1) by supply conduit 126 to maintain
the second source at a suitable static pressure. A suitable
pressure gauge 127 may be employed to monitor the pressure
and close valve 129 and open valve 128 when the pressure
talls below a predetermined level. The valves 128 and the
gauge 127 may interface with controller 114 to manage the
refill at appropriate times and to monitor for leaks, etc. Other
configurations of valves may be employed to provide the
bypass function.

[0038] A flowchart depicting a method of treating a tlam-
mable effluent gas according to the present invention 1s shown
and described with reference to FIG. 2. The method begins 1n
step 202 wherein a flammable effluent gas 1s provided from an
clectronic device manufacturing process tool. The effluent
gas 1s normally provided to an abatement unit adapted to
abate effluent gas. The method includes step 204 of monitor-
ing a parameter ol the abatement unit (e.g., presence of a
flame, presence of a tlammable gas, or any of the other param-
cters listed above). The method also includes step 206
wherein the effluent gas 1s bypassed 1f the monitored param-
cter of the unit falls outside a predefined bound. The method
ends 1n step 208 wherein a second gas 1s mixed into the
eitluent gas to dilute the same. This mixing step may provide
a gas mixture which 1s less flammable than the effluent gas or
nonflammable. The mixture may then be exhausted to the
atmosphere, stored 1n a supplemental vessel, and/or subjected
to further abatement.

[0039] A second embodiment of an eiffluent gas treatment
system 300 1s depicted 1n FIG. 3. As 1n the previous embodi-
ment, the effluent gas (e.g., H, and silane) may be exhausted
from one or more process chambers of one or more manufac-
turing process tools 104 into an exhaust conduit 1035. Vacuum
pump 110 (which may comprise a plurality of staged vacuum
pumps) may draw the effluent gas into a conduit 106 and,
under normal operating conditions, the effluent may pass
through a bypass valve 111 into conduit 107 and into an
abatement unit 102 (such as any of the abatement units
described above). It a critical bypass event 1s determined by
the control system 113 comprising controller 114 and one or
more sensors 116, then the bypass valve 111 may be actuated
to the bypass position and the effluent may be diverted to a
bypass conduit 112. Substantially coincident with the diver-
s10on, valve 120 may be actuated and a supply of a second gas
from a second gas supply 122 may travel in conduit 121 and
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be mixed with the effluent gas. The mixture of the second gas
and the effluent gas may travel in bypass conduit 112 to a
scrubbed exhaust 330 (e.g., a conventional house or POU
scrubber), for example. As 1n the previous embodiment, the
second gas supply 122 may be replenished from inert gas
supply, designated N,, via actuating valve 128. Of course, as
the bypass event 1s determined, the supply of process gas in
109 to the tool 104 may be immediately shut off and the
exhaust valves (not shown) of the process tool 104 may be
closed.

[0040] The system 300 may further include a distribution
unit 332 (e.g., a panel of mass flow-controlled valves) which
may input a dilution gas (e.g., mert gas such as N,) to the
cifluent treatment system 300 at various nput points. For
example, 1n one embodiment, the volumetric tlow rate of the
second gas may be controlled above the pump 110 via imnput-
ting a controlled amount of the second gas through conduit
334 into exhaust conduit 105. During normal operation, the
flammable effluent gas may tlow from a manufacturing pro-
cess tool 104 through a pump 110 and exhaust conduits 105,
106, 107 to an abatement unit 102. During this normal opera-
tion, the pump 110 may be purged with a purge gas (e.g., N, )
having volumetric flow rate of a first magnitude to ensure safe
pump operation.

[0041] According to an additional method embodiment,
when a delayed shutdown event 1s sensed (such as any of the
sensed parameters listed above being outside of a predeter-
mined bound), then substantially coincident with, or a brief
time after shutting down the flow of the flammable effluent
gas from the manufacturing process tool 104, a volumetric
flow rate of the purge gas may be reduced to a second, non-
zero, volumetric flow rate for a period of time. This may allow
for the purge of any flammable effluent gas remaining 1n
conduits 105, 106, and 107 and pump 110 following shut
down of the flow of flammable effluent gas from the manu-
facturing process tool 104 to take place. During this time 1n
the delayed shutdown, effluent gas may be pushed along to
the abatement unit 102 and the abatement unit may continue
to operate until the conduits are substantially purged. Of
course, the bypass valve 111 may be actuated at any point
prior to full purge and divert the remaining eftfluent to the
bypass conduit 112 and scrubbed exhaust 330. This may
result 1n a partial purge of the components. The delay time
required for a full purge may be dependent on the tflow rate of
the purge gas used and the volume of the pump and conduit
components between the tool 104 and the abatement unit 102.
The nonzero volumetric flow rate of the second magnitude
may be less than 20%, or even less than 10% of the volumetric
flow rate of the first magnitude. Because of the lowered
amount of H, in the exhaust conduits following shutdown, a
lower volume of purge gas may be needed 1n order to maintain
a sale (nonflammable) condition of the pump 110 and con-
duits 105, 106, and 107. In particular, 1t may be desirable to
maintain the maximum concentration of H, 1n the purge gas
below 1% (equivalent to about one-quarter the lower tlam-
mability limit of H,). After the pump 1s purged, the tlow rate
may be further increased to accelerate the purge process.

[0042] According to yet another embodiment of the mven-
tion, a method of treating a flammable effluent gas 1s provided
wherein a delay may be provided between shutdown of the
process tool 104 and the shutdown of the abatement unit 102
(a “delayed shutdown”). After a shutdown has been com-
manded, either because a monitored parameter has been
determined to fall outside a predefined bound, or simply
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because of a desire for a manual shutdown (e.g., for mainte-
nance), the tlow of the tflammable effluent gas from a manu-
facturing process tool 104 may be shut down. This may
involve shutting oif the flow of the process gasses and shut-
ting off the exhaust valve (not shown) below the process
chamber (also not shown).

[0043] Following the shutdown of the process tool 104, a
shutdown of the abatement umt 102 may be delayed for a
period of time to purge the flammable effluent gases from at
least some of the exhaust components (e.g. the pump 110
and/or at least some of the conduits 105, 106, and 107)
between the manufacturing process tool 104 and the abate-
ment unit 102. The delay in shutdown may account for the
time 1t takes to purge the effluent gases from the exhaust
components. It should be noted that this delayed shutdown
method may be suitable for noncritical events where the
abatement unit, even though 1t may have a parameter falling
outside of a predefined bound, will still operate effectively to
abate the effluent and no serious risk of explosion may exist.
During the delay, the abatement unit 102 may continue to
operate normally and abate the effluent. As the purge gas
introduced following shutdown of tool 104 reaches the abate-
ment unit 102, the abatement unit may then also be shut down.
Of course, at any point during the delay, the bypass valve 111
may be commanded by controller 114 to actuate to the bypass
mode and the gas may be diverted to the bypass conduit 112.
Additionally, conduits 335 and 336 may be provided whereby
the distribution unit 332 may nput purge gas at any other
location such as below (downstream of) the pump 110 1n
conduit 335, or to the abatement unit 102 in conduit 336. In
the case of a delayed shutdown, the amount of purge gas
added may be suificient to ensure that no flammable mixture
opportunities exist 1 the exhaust components. This may
include ensuring that the amount of H, present may be such
that the maximum H, concentration i1s not exceeded. Like-
wise, when silane 1s included 1n the effluent gas, the amount
of purge gas added may be such that the maximum silane
concentration 1s not exceeded (e.g., about one-quarter a lower
explosive limit or LEL).

[0044] The foregoing description discloses only exemplary
embodiments of the mvention. Modifications of the above
disclosed apparatus and methods which fall within the scope
of the invention will be readily apparent to those of ordinary
skill 1n the art.

[0045] Accordingly, while the present invention has been
disclosed 1 connection with exemplary embodiments
thereot, 1t should be understood that other embodiments may
tall within the spirit and scope of the invention, as defined by
the following claims.

The Invention claimed 1s:
1. A method of treating a flammable effluent gas from an

clectronic device manufacturing process, comprising the
steps of:

providing the flammable effluent gas from the manufactur-
ing process to an abatement unit which 1s adapted to
abate the flammable effluent gas;

monitoring a parameter of the abatement unait;

diverting the flammable effluent gas to bypass the abate-
ment unit 1f the parameter of the abatement unit falls
outside a predefined bound; and

mixing the diverted tflammable effluent gas with a second
gas to form a gas mixture having a lower flammabaility
than the flammable effluent gas.
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2. The method of claim 1 further comprising a step of
exhausting the gas mixture to the atmosphere.
3. The method of claim 1 wherein the second gas comprises
an inert gas.
4. The method of claim 3 wherein the mnert gas comprises
nitrogen.
5. The method of claim 1 wherein the flammable effluent
gas comprises hydrogen.
6. The method of claim 5 wherein the flammable effluent
gas comprises between about 0.1% and about 20% hydrogen.
7. The method of claim 1 wherein the flammable effluent
gas comprises silane.
8. The method of claim 7 wherein the flammable effluent
gas comprises between about 0.1% and about 20% silane.
9. The method of claim 1 wherein the flammable effluent
gas comprises hydrogen and silane.
10. The method of claim 9 wherein the flammable effluent
gas comprises between about 0.1% and about 20% hydrogen
and between about 0.1% and about 20% silane.
11. The method of claim 1 wherein the concentration of
flammable effluent gas 1n the gas mixture 1s below the lower
flammability limit of the flammable effluent gas.
12. The method of claim 1 wherein the step of monitoring
comprises sensing a presence of a flame in the abatement unat.
13. The method of claim 1 wherein the step of monitoring
comprises sensing a presence of a flammable gas within the
abatement unit.
14. A method for treating a flammable effluent gas, com-
prising the steps of:
providing the flammable effluent gas from an electronic
device manufacturing process tool to an abatement unit
which 1s adapted to abate the flammable effluent gas;

diverting the flammable effluent gas from the abatement
unit at certain times; and

mixing the diverted flammable effluent gas with a second

gas to form a gas mixture having a flammability lower
than the flammable effluent gas.

15. A method of treating a flammable effluent gas from an
clectronic device manufacturing process, comprising the
steps of:

flowing the flammable effluent gas from a process chamber

of the electronic device manufacturing process to an
abatement unit wherein the flammable effluent gas 1s
comprised of silane and hydrogen;

monitoring a parameter of the abatement unit;

diverting the flammable effluent gas to bypass the abate-

ment unit 11 the parameter of the abatement unit falls
outside a predefined bound; and

mixing the diverted flammable effluent gas with a nitrogen

gas to form a gas mixture having a lower flammability
than the flammable effluent gas.
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16. A system for treating a flammable effluent gas of an
clectronic device manufacturing process chamber, compris-
ng:

an exhaust conduit adapted to carry the flammable effluent
gas to an abatement unait;

a monitoring system coupled to the abatement unit and
adapted to sense a parameter of the abatement unit;

a bypass valve coupled to the exhaust conduit and opera-
tively responsive to the monitoring system, wherein the
bypass valve has a bypass mode and a flow through
mode, and wherein a flow of the flammable effluent gas
1s diverted from the abatement unit 1n the bypass mode,
and a flow of the flammable effluent gas 1s directed to the
abatement unit 1n the flow through mode; and

a second gas source adapted to mix the second gas with the
flammable effluent gas when the bypass valve 1s operat-
ing in the bypass mode.

17. The system of claim 16 wherein the second gas com-

prises an inert gas.

18. The system of claim 16 wherein the second gas com-
prises nitrogen.

19. The system of claim 16 wherein the monitoring system
comprises a flame sensor.

20. The system of claim 16 wherein the monitoring system
comprises a flammable gas sensor.

21. A method of treating a flammable effluent gas, com-
prising the steps of:

flowing the flammable effluent gas from an electronic
device manufacturing process tool through a pump and
exhaust conduit to an abatement unit and, during the step
of tlowing, purging the pump with a volumetric flow rate
of purge gas of a first magmitude;

shutting down the tflow of the flammable effluent gas from
the manufacturing process tool; and

reducing the volumetric flow rate of the purge gas to a
second, nonzero flow rate for a period of time to at least
partially purge the pump and the exhaust conduit
between the pump and the abatement unit.

22. A method of treating a flammable effluent gas, com-

prising the steps of:

flowing the flammable effluent gas from an electronic
device manufacturing process tool to an abatement unit
through exhaust components;

shutting down the flow of the flammable effluent gas from
the manufacturing process tool; and

delaying a shutdown of the abatement unit for a period of
time to purge the tlammable effluent gas from at least
some of the exhaust components located between the
manufacturing process tool and the abatement unait.
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