
USE OF SPECTROSCOPIC TECHNIQUES TOMONITOR AND CONTROL
REACTANT GAS INPUT INTO A PRE-PUMP REACTIVE GAS
INJECTION SYSTEM Field of the Invention [0001] The
present invention relates generally to the field of
high vacuum processing using process gases, and more
particularly, to controlling a buildup of deposits
from one or more components of the process gases on
devices in the vacuum processing system exhaust path.
Background of the Invention [0002] Certain research
and manufacturing processes require the use of a
process chamber with high vacuum. For example, in
semiconductor wafer processing, vacuum is used during
many thin-film deposition and etching operations,
primarily to reduce contamination. In such processes,
pumps capable of producing a "high vacuum" of 10~6
Torr or lower are useful to assure adequate pumping
speed at process pressure, and to allow for a low base
pressure for cleanup between steps. [0003] Several
currently-available vacuum pump configurations are
capable of producing and maintaining a high vacuum.
Roots vacuum pumps and hook and claw vacuum pumps
include two precisely machined rotors that rotate with
equal speed in opposite directions, trapping gas in an
exhaust portion of the casing and forcing it to an
exhaust port. Roots and hook and claw vacuum pumps are
used as primary vacuum pumps and as backing pumps.
Another vacuum pump configuration capable of 



maintaining a high vacuum is the turbo-molecular
vacuum pump, which relies on thehigh-speed rotation of
rotor vanes in close proximity to stator vanes to
induce molecular movement of the gas. [0004] In each
of the above cases, the pump inlet may open directly
to the process chamber or may communicate with a
process chamber through a foreline. The vacuum
processing exhaust path may include a backing pump in
a downstream position in the vacuum processing system
exhaust path for reducing a pressure drop across the
primary pump. The vacuum processing system exhaust
path may also include an abatement system for
reclaiming, removing or neutralizing various
components of the exhaust. [0005] One problem
frequently encountered in vacuum processing systems is
the deposition of solids by components of the gases
passing through the vacuum processing system exhaust
path hi one exemplary process 100, shown schematically
in FIG. 1, the process gases 110 used in the
semiconductor manufacturing process are WF6, H2, NH3,
B2H6, SiH4, and Ar. WF6 can react with H2, NH3, B2H6
and SiH4 to form film deposits of metallic tungsten,
tungsten salts (e.g., ammonium tungstate), or fluoride
salts (e.g., ammonium fluoride). The reaction may take
place in the process chamber or in various locations
in the exhaust path, including the foreline, high
vacuum pump 120, or in a roughing pump or abatement
devices. Pump exhaust gases 130 include inert or
unreacted components of the process gases, such as Ar
and unreacted WF6, as well as reaction products formed
during deposit formation in the vacuum processing
system exhaust path, such as HF, BF3 and SiF4. 



[0006] Another mechanism that may cause deposits on
surfaces along the vacuum exhaust path is the buildup
of powders formed by gas phase nucleation. Gas phase
nucleation results from reactions among gas phase
components of the exhaustgas, resulting in a solid
reaction product in powder form. That product may
accumulate on surfaces with which it comes in contact.
As used herein, the term "deposit" shall mean solids
accumulating on surfaces in the exhaust path due to
any physical mechanism, including film deposition, gas
phase nucleation or other phenomenon. [0007] However
they are formed, the deposits adversely affect the
performance of the vacuum pump and other devices in
the vacuum processing system exhaust path. For
example, solid metallic deposits on pumping elements
of roots pumps and hook and claw pumps change the
effective shape of the pumping elements, degrading the
efficiency and effectiveness of the pump. [0008] To
address the problem of unwanted deposits on devices in
the exhaust path, a carefully selected reactive gas
maybe injected upstream of the affected device. The
reactive gas prevents the formation of deposits by
reacting with the exhaust gas components. [0009] In an
example of such a technique used in the
above-described vacuum process system, NF3 is injected
into a Remote Plasma Source (RPS) mounted in the
foreline or directly at the inlet to a Roots or hook
and claw pump, by means of a tee connector. The RPS is
intended to dissociate the NF3 into atomic fluorine
which can then react with gas phase molecules to
prevent deposition, or react with deposited solids to
remove them. Alternatively, molecular fluorine or
other fluorine-containing 



gases may be substituted for NF3. In some cases,
molecular F2 alone may be used without prior RPS
dissociation. [0010] By providing a fluorine source in
the foreline or at the pump inlet, the reactions that
cause solid deposits are prevented or at least greatly
diminished. The atomic fluorine provides a more
readily available fluorine source, preventing,
amongother things, a reaction of WF6 with the other
gases or hot pump mechanisms, and thereby preventing
deposition of metallic tungsten in the vacuum pump.
[0011] The fluorinated gases discussed above are
generally very costly. For example, the cost of NF3 in
the above-described system can amount to 10% or more
of the total cost of materials in a semiconductor
manufacturing process. It is therefore in the interest
of the practitioner to optimize the amount of reactive
gas used. In some processes, the process gases are
pulsed, in which case it is advantageous to pulse the
fluorine source in synchronized fashion with the
appropriate gas. In some cases it is desirable to
maintain a flow of the fluorine source for some time
after the pulse of process gas is complete. [0012] In
any case, it is desirable to have enough of the
fluorinated gas present while avoiding an excess. One
way to accomplish that is to experimentally pre
determine the correct ratio of fluorine source to
reactive process gas. In many cases, however, the flow
rate of the process gas may change, either due to
aging of components or to deliberate process recipe
modification. If that happens, the set point may no
longer be valid, insufficient fluorine source will be
delivered, and the deposition that was intended to be
prevented will occur. 



[0013] There is therefore presently a need to provide
an improved vacuum process control incorporating a
solution to the problem of accumulating deposits in
the devices in the vacuum exhaust path, while
controlling the cost of reactive gases used. To the
inventor's knowledge, no such control is presently
available.Summary of the Invention [0014] The present
invention addresses the needs described above by
providing improvements to a vacuum processing system
using process gases having at least one component with
a tendency to produce a deposit on surfaces of a
device in a vacuum exhaust path of the system. One
embodiment of the system includes a reactant gas
injector positioned in the vacuum exhaust path
upstream of the device, the reactant gas injector
capable of injecting a reactant gas into the vacuum
exhaust path that reduces the tendency of at least one
component to produce a deposit on surfaces of the
device. The system further includes at least one
sensor for measuring a concentration of the at least
one component present in the vacuum exhaust path
upstream of the device, and for measuring a
concentration of the at least one component present hi
the vacuum exhaust path downstream of the device.
Finally, the system includes a controller for
controlling an amount of reactant gas injected by the
reactant gas injector based at least in part on a
difference between the upstream and downstream
concentrations. [0015] The system may be arranged with
a dedicated sensor for gas concentration measurement
at the upstream and downstream locations,
respectively. Alternatively, the system may be
arranged so that only one sensor is used hi that case,
a switching mechanism may be provided that enables the
sensor to be exposed at 



alternate times to the upstream and downstream
environments of the device. [0016] Examples of the
sensors include an infrared spectrometer, a Raman
spectrometer, a mass spectrometer and a laser induced
fluorescence spectrometer. Other sensors may be
envisioned that are able to identify at least one
constituent of the gas phase on a continuous basis,
and whose response can be calibrated in a quantitative
manner.[0017] The device may be a vacuum pump, or a
vacuum exhaust abatement device. The component tending
to form deposits may be tungsten fluoride, in which
case the reactant gas is fluorine. Other applicable
processes may include deposition of oxides, nitrides,
suicides, borides, or other binary, ternary or
quaternary solid materials. [0018] The reactant gas
injector may include a remote plasma source for
dissociating a reactant gas precursor to form an
atomic species of the reactant gas. Other dissociating
means may alternatively be used. Further, it may be
sufficient to add a reagent gas without the need for
prior dissociation. [0019] The controller may include
media containing commands that, when executed, cause
the controller to determine from the difference
between the upstream and downstream concentrations
whether at least a predetermined portion of the
process gas component is being consumed in the device,
and, if so, increase the amount of reactant gas
injected by the injector. [0020] In another embodiment
of the invention, a method is provided for controlling
deposits made by at least one component of an exhaust
gas on a device in a vacuum processing system exhaust
path. The method includes the steps of introducing 



a flow of a reactant gas into the vacuum processing
system exhaust path at a position upstream of the
device, the reactant gas inhibiting the deposits made
by the at least one component of the exhaust gas,
measuring a quantity of the at least one component of
the exhaust gas present at a position upstream of the
device, measuring a quantity of the at least one
component of the exhaust gas present at a position
downstream of the device, determining from the
upstream and downstream measurements whether a portion
of the at least one component of the exhaust gas is
consumed in the device, and, if so, increasing the
flow of the reactant gas.[0021] The method may include
the step of determining from the upstream and
downstream measurements whether substantially none of
the at least one component of the exhaust gas is
consumed in the device, and, if so, determining
whether excess reactant gas is flowing through the
device, and, if so, decreasing the flow of reactant
gas. [0022] The measuring steps may include measuring
the quantity of the at least one component of the
exhaust gas using an instrument selected from a group
consisting of an infrared spectrometer, a Raman
spectrometer, a mass spectrometer and a laser induced
fluorescence spectrometer. [0023] The reactant gas may
be fluorine. The step of introducing a flow of a
reactant gas into the vacuum processing system exhaust
path may further include dissociating a precursor gas
using a remote plasma source. The reactant gas may be
fluorine and the precursor gas may be NF3. [0024] The
device may be selected from a group consisting of a
vacuum pump 



and an abatement device. [0025] The at least one
component of the exhaust gas may be tungsten fluoride,
in which case the reactant gas may be fluorine. [0026]
The at least one component of the exhaust gas may
include at least one gas selected from the group
consisting ofWF3,H2,NH3, B2H6 and SiH4. The measuring
steps may include measuring a gas phase concentration
of the at least one component. [0027] Another
embodiment of the invention is a vacuum processing
system using process gases having at least one
component with a tendency to produce a deposit on
surfaces of a device in a vacuum exhaust path of the
system. The system includes areactant gas injector
positioned in the vacuum exhaust path upstream of the
device, the reactant gas injector capable of injecting
a reactant gas into the vacuum exhaust path that
reduces the tendency of the at least one component to
produce a deposit on surfaces of the device by
combining with the at least one component to produce a
new species. The system further includes a sensor for
measuring a concentration of the new species present
in the vacuum exhaust path downstream of the device,
and a controller for controlling an amount of reactant
gas injected by the reactant gas injector based at
least in part on the downstream concentration. Brief
Description of the Drawings [0028] FIG. 1 is a
graphical representation of a prior art vacuum process
showing depositions formed in a turbomolecular pump.
[0029] FIG. 2 is a schematic representation of a
system according to one 



embodiment of the invention. [0030] FIG. 3 is a
schematic representation of a system according to
another embodiment of the invention. [0031] FIG. 4 is
a chart showing a relationship between process gas
deposition and reactant gas introduction. [0032] FIG.
5 is a flow chart showing a method according to one
embodiment of the invention. [0033] FIG. 6 is a
schematic representation of a system according to
another embodiment of the invention.Detailed
Description of the Invention [0034] In the present
invention, a sufficient flow of fluorine source, or
another reactant gas, is ensured by measuring a
concentration of the process gas at the inlet and the
outlet of a device such as a turbomolecular pump, and
modifying the flow of the fluorine source accordingly
hi a preferred embodiment, infrared spectroscopy is
used to measure that concentration. While this
detailed description describes the invention as
relating to a system wherein the deposition of
tungsten metal and other solids is reduced by the
introduction ofWF6, it is noted that the particular
reactants described are merely exemplary, and that the
inventive system and method are equally applicable to
other reactants. [0035] The gas phase concentration of
the process gas in question is measured at both the
inlet and the outlet of the pump hi the absence of a
reaction in the pump that results in deposition of
tungsten, the inlet and outlet WF6 signals should be
equal. 



When reaction of WF6 occurs inside the pump, WF6 will
be depleted from the gas phase, and the signal at the
outlet will be lower than the signal at the inlet. If
a fluorine source is provided in sufficient quantities
to prevent this reaction, the inlet and outlet WF6
signals will again be equal. By using those signals,
the quantity of fluorine source may be modified to
ensure that enough fluorine is provided to suppress
deposition, without supplying an excess of fluorine.
[0036] An exemplary embodiment 200 of such a system is
shown in FIG. 2. Process gases 205 such as WF6, H , NH
, B2H6, SiH4 and Ar are introduced into a process
chamber 206. The gases may be introduced in any
combination or sequence, as required in the reactions
taking place in the chamber.[0037] Evacuated gases
from the process chamber 206 follow a process vacuum
exhaust path 208. The path 208 may include a foreline
207 connecting a turbomolecular pump 230 with the
process chamber. An additional line 240 conducts
exhaust gases from the turbomolecular pump 230 to
additional devices 250 such as a roughing pump and
abatement chamber. [0038] A reactant injector 210
introduces a reactant upstream of the device in which
deposition is a problem; in this case, the
turbomolecular pump 230. A source 212 of a precursor
of the reactive gas; in this case, NF , provides the
precursor gas to an RPS 216 that dissociates the MP 3.
Techniques other than plasma, such as thermal methods,
may be used to dissociate the reactive gas. Atomic
fluorine is injected into the foreline 207 through an
injector valve 214. [0039] Operation of the reactant
injector 210 is controlled by a programmable 



controller 224. The controller may control, for
example, the amount of reactant gas injected and the
timing of the injections. [0040] A sensor such as the
infrared spectrometer 220 is positioned to measure a
gas phase concentration of one or more process gas
components present in a region upstream of the device
230. An infrared spectrometer is particularly suitable
for use in sensing gas phase concentrations of most
gases used in semiconductor processing because those
gases, such asWF6, have strong infrared absorption
peaks. The sensor 220 accesses the flow through a
monitoring port or window in the vacuum process system
exhaust path 208. [0041] One skilled in the art will
recognize that other sensors may be used to identify
and quantify the presence of specific gas components
at points in the process flow path. For example, in
place of an infrared spectrometer, a Raman
spectrometer, amass spectrometer, or a laser induced
fluorescence spectrometer may be used as one or more
of the sensors of the invention. Alternatively,
non-spectroscopic techniques such as electrochemical
techniques or chemical sensors may be used. The sensor
must be capable of identifying at least one
constituent of the gas phase on a continuous basis,
and have a response that may b e calibrated in a
quantitative manner. [0042] Another sensor 222, such
as a second infrared spectrometer, measures a gas
phase concentration of the same one or more process
gas components in a region downstream of the device
230. In a preferred embodiment of the invention, the
second sensor 222 is of a type similar to the first
sensor 220. hi that way, environmental variables
affect the sensors similarly, canceling systematic
measurement errors. Each 



of the sensors 220, 222 is in communication with the
controller 224. [0043] While two separate infrared
spectrometers 220, 221 are shown for monitoring gas
phase concentrations upstream and downstream of the
device 230, a single sensor may instead be used in
conjunction with a switching mechanism (not shown) for
alternatively routing to the sensor a sample from
either the upstream or the downstream location. That
solution has the advantages of reduced instrumentation
costs and elimination of calibration errors caused by
differences between the two sensors. [0044] By
comparing readings from the two sensors 220, 222, the
controller 224 can determine whether all of a
particular component of the exhaust gas entering the
device, exits the device. A decrease in gas phase
concentration of the component across the device
indicates that some of the gas is being consumed in
the device, presumably in the formation of deposits in
the device hi such a case, the controller 224 would
increase a quantity of reactant gas injected by the
injector 210. Theavailability of reactant gas in the
device would inhibit the reactions in the device that
result in the deposition of solids. That control cycle
is repeated until a comparison of sensor readings
indicates that none of the process gas is being
consumed in the device 230. [0045] It is noted that,
although the sensors 220, 222 are shown monitoring WF6
concentration on either side of a high vacuum pump
230, gas phase concentration may alternatively be
monitored on either side of another device or group of
devices. For example, in the vacuum processing system
300 shown in FIG. 3, a reactant injector 



310 introduces a reactant gas into a foreline 307
connecting a process chamber 306 and a vacuum pump
330, as in the previous example. In this case,
however, the gas phase concentration of the process
gas component is sampled from passageways 340, 341 in
the exhaust path 308 on either side of the roughing
pump and/or abatement equipment 350. In that way,
deposition in the equipment 350 is detected. As in the
above example, the flow of reactant gas through the
reactant injector 310 is controlled by a controller
324 to minimize depositing. [0046] Also shown in FIG.
3 is the use of a single sensor 320 for measuring gas
phase concentration in both passageways 340, 341 . A
switching mechanism 322 alternatively provides a
sample of the contents of the passageways 340, 341 to
the single sensor 320. [0047] Returning to FIG. 2,
logic for the programmable controller 224 such as that
described above is stored as executable steps on a
readable media 225, which may be integrated in the
controller 224, as shown, or may be remote. Logic
instructions are read from the media 225 and executed
by the controller 224.[0048] A schematic plot 400,
shown in FIG. 4, illustrates an inverse relationship
between quantities plotted on two axes 410, 411 of the
plot. The vertical axis 410 represents a measured
difference in tungsten fluoride flows upstream and
downstream of the turbomolecular pump. The horizontal
axis 411 represents an introduced quantity of
fluorine. The plot 400 does not represent actual data,
but is instead intended to demonstrate overall
behavior of the system. [0049] In region A, it can be
seen from the line 420 that an increase in the 



introduced quantity of fluorine 411 results in a
decrease in the difference in tungsten fluoride flows
410. That indicates that the increased fluorine
inhibits reactions in the device that cause deposits
and consume tungsten fluoride. Once the consumption of
tungsten fluoride in the device is close to zero (line
430), as is the case in region B, increasing the
quantity of injected reactant gas does not have a
strong effect on the measured difference in WF6 flow.
[0050] Ideally, the system is operated in a steady
state wherein the introduced quantity of fluorine is
at the line between regions A &B, which is where a
minimum quantity of fluorine is introduced while still
preventing deposits in the device. In practice, an
acceptable excess quantity of fluorine must be
tolerated in order to assure that deposition is
completely suppressed. For example, a 5% overshoot of
fluorine injection may be set as the acceptable level.
[0051] It can furthermore be seen from the plot 400 of
FIG. 4 that, in region B, an excess supply of fluorine
cannot easily be detected by monitoring the difference
in the tungsten fluoride flows across the pump.
Instead, other techniques well known in the art are
used to determine the location of the ideal range of
fluorine injection.[0052] A method 500 in accordance
with the invention is shown in flow chart form in FIG.
5. The method is for controlling deposits in a device
in a vacuum processing system exhaust path. The
deposits are made by one or more components of an
exhaust process gas flowing through the path. [0053]
Initially, a flow of a reactant gas is introduced
(step 510) into the vacuum processing system exhaust
path at a position upstream of the device. The 



reactant gas inhibits the deposits made by the exhaust
gas component. It is noted that that initial step is
not necessarily done at start-up; i.e., the process
maybe initialized without any reactant gas flowing,
and the reactant gas is started only after a first
loop of the method is completed. [0054] A quantity of
the component of the exhaust gas present is measured
at a position upstream of the device (step 520), and
at a position downstream of the device (step 530). In
a preferred embodiment, the quantity is measured by an
infrared spectrometer as a gas phase concentration.
Next, from the upstream and downstream measurements,
it is determined (step 540) whether a portion of the
exhaust gas component is consumed in the device. If so
(i.e., more of the component flows into the device
than flows out of the device), then the flow of the
reactant gas is increased (step 550), and the method
returns to the measuring steps. [0055] If the upstream
and downstream measurements show that substantially
none of the component of the exhaust gas is consumed
in the device (i.e., the flow of exhaust gas component
out of the device is equal to or exceeds the flow into
the device), and it may be concluded that excess
reactant gas is flowing through the device (step 560),
then the flow of reactant gas is decreased (step 570)
and the program returns to the measuring steps. If the
measuring steps show that the exhaust gas component
isnot being consumed in the device, and there is no
excess reactant being provided (i.e., no more than 5%
of that required) then no adjustment in reactant gas
is made and program control loops to the measuring
steps. [0056] In another embodiment of the invention,
the technique uses a 



concentration of a new species formed downstream of
the reactant injector, as an indicator of the activity
of the reactant. As the amount of injected reactant
increases, the formation of the new species increases
as well, until another component of the new species is
substantially fully consumed. At that point, the
concentration of the new species plateaus. [0057] An
apparatus 600 according to that embodiment of the
invention is shown in FIG. 6. Process gases pass
through the process chamber 606, high vacuum pump 630
and additional equipment 650. A reactant gas such as
fluorine is injected by the reactant injector 610 at
the point 607. Gas is sampled only at the point 641,
and is analyzed by the IR spectrometer 620 or by other
analysis means. It should be noted that the sample
point 641 may be any point in the vacuum exhaust path
608 downstream of the component in which deposition is
being controlled. [0058] The reactant gas
concentration is increased until a measured
concentration of the new species at point 641 stops
increasing. At that point, sufficient reactant gas is
being introduced to fully consume at least one
component of the new species, and introducing
additional reactant gas would not additionally
suppress deposition. [0059] The foregoing Detailed
Description and accompanying figures are to be
understood as being in every respect illustrative and
exemplary, but not restrictive, and the scope of the
invention disclosed herein is not to be determined
from the Descriptionof the Invention, but rather from
the Claims as interpreted according to the full
breadth permitted by the patent laws. For example,
while the system is described in connection 



with suppressing the deposition of tungsten metal in
turbomolecular pumps, the system may be used to limit
accumulation of other materials on components of a
vacuum processing system, such as the deposition of
oxides, nitrides, suicides, borides or other ternary
or quaternary solid materials. It is to be understood
that the embodiments shown and described herein are
only illustrative of the principles of the present
invention and that various modifications may be
implemented by those skilled in the art without
departing from the scope and spirit of the
invention.What is claimed is: L A vacuum processing
system using process gases having at least one
component with a tendency to produce a deposit on
surfaces of a device in a vacuum exhaust path of the
system, the system comprising: a reactant gas injector
positioned in the vacuum exhaust path upstream of the
device, the reactant gas injector capable of injecting
a reactant gas into the vacuum exhaust path that
reduces the tendency of the at least one component to
produce a deposit on surfaces of the device; at least
one sensor for measuring a concentration of the at
least one component present in the vacuum exhaust path
upstream of the device and for measuring a
concentration of the at least one component present in
the vacuum exhaust path downstream of the device; and
a controller for controlling an amount of reactant gas
injected by the reactant gas injector based at least
in part on a difference between the upstream and
downstream concentrations. 



2. The vacuum processing system of claim 1, wherein
the at least one sensor is a sensor selected from a
group consisting of an infrared spectrometer, a Raman
spectrometer, a mass spectrometer and a laser induced
fluorescence spectrometer. 3. The vacuum processing
system of claim 1, wherein the at least one sensor
comprises a first sensor for measuring a concentration
of the at least one component present in the vacuum
exhaust path upstream of the device and a second
sensor for measuring a concentration of the at least
one component present in the vacuum exhaust path
downstream of the device.4. The vacuum processing
system of claim 1, wherein the device is a vacuum
pump. 5. The vacuum processing system of claim 1,
wherein the device is a vacuum exhaust abatement
device. 6. The vacuum processing system of claim 1,
wherein the device is a vacuum backing pump. 7. The
vacuum processing system of claim 1, wherein the
component tending to form deposits is tungsten
fluoride and the reactant gas is fluorine. 8. The
vacuum processing system of claim 1, wherein the
reactant gas injector includes a remote plasma source
for dissociating a reactant gas precursor to form an
atomic species of the reactant gas. 9. The vacuum
processing system of claim 1, wherein the controller
includes media containing commands that, when
executed, cause the controller to: determine from the
difference between the upstream and downstream 



concentrations whether at least a predetermined
portion of the process gas component is being consumed
in the device, and, if so, increase the amount of
reactant gas injected by the injector. 10. A method
for controlling deposits made by at least one
component of an exhaust gas on a device in a vacuum
processing system exhaust path, the method comprising
the steps of:introducing a flow of a reactant gas into
the vacuum processing system exhaust path at a
position upstream of the device, the reactant gas
inhibiting the deposits made by the at least one
component of the exhaust gas; measuring a quantity of
the at least one component of the exhaust gas present
at a position upstream of the device; measuring a
quantity of the at least one component of the exhaust
gas present at a position downstream of the device;
determining from the upstream and downstream
measurements whether at least . a predetermined
portion of the at least one component of the exhaust
gas is consumed in the device; and, if so; increasing
the flow of the reactant gas. 11. The method of claim
10, further comprising the steps of determining from
the upstream and downstream measurements whether
substantially none of the at least one component of
the exhaust gas is consumed in the device; and, if so,
determining whether excess reactant gas is flowing
through the device; and, if 



so, decreasing the flow of reactant gas. 12. The
method of claim 10, wherein the measuring steps
comprise measuring the quantity of the at least one
component of the exhaust gas using an instrument
selected from the group consisting of an infrared
spectrometer, a Raman Spectrometer, a mass
spectrometer and a laser induced fluorescence
spectrometer. 13. The method of claim 10, wherein the
reactant gas is fluorine.14. The method of claim 10,
wherein the step of introducing a flow of a reactant
gas into the vacuum processing system exhaust path
further comprises dissociating a precursor gas using a
remote plasma source. 15. The method of claim 14,
wherein the reactant gas is fluorine and the precursor
gas is NF3. 16. The method of claim 10, wherein the
device is selected from a group consisting of a vacuum
pump and an abatement device. 17. The method of claim
10, wherein the at least one component of the exhaust
gas is tungsten fluoride. 18. The method of claim 17,
wherein the reactant gas is fluorine. 19. The method
of claim 10, wherein the at least one component of the
exhaust gas comprises at least one gas selected from
the group consisting of WF3, H2, H3 B2H6 and SiH4. 20.
The method of claim 10, wherein the measuring steps
comprise measuring a gas phase concentration of the at
least one component. 



21. A vacuum processing system using process gases
having at least one component with a tendency to
produce a deposit on surfaces of a device in a vacuum
exhaust path of the system, the system comprising: a
reactant gas injector positioned in the vacuum exhaust
path upstream of the device, the reactant gas injector
capable of injecting a reactant gas into the
vacuumexhaust path that reduces the tendency of the at
least one component to produce a deposit on surfaces
of the device by combining with the at least one
component to produce a new species; a sensor for
measuring a concentration of the new species present
in the vacuum exhaust path downstream of the device;
and a controller for controlling an amount of reactant
gas injected by the reactant gas injector based at
least in part on the downstream concentration. 22. The
vacuum processing system of claim 21, wherein the
sensor is a sensor selected from a group consisting of
an infrared spectrometer, a Raman spectrometer, a mass
spectrometer and a laser induced fluorescence
spectrometer. 23. The vacuum processing system of
claim 21, wherein the device is a vacuum pump. 24. The
vacuum processing system of claim 21, wherein the
device is a vacuum exhaust abatement device. 25. The
vacuum processing system of claim 21, wherein the
device is a vacuum backing pump . 26. The vacuum
processing system of claim 21, wherein the component 



tending to form deposits is tungsten fluoride and the
reactant gas is fluorine. 27. The vacuum processing
system of claim 21, wherein the reactant gas injector
includes a remote plasma source for dissociating a
reactant gas precursor to form an atomic species of
the reactant gas.28. The vacuum processing system of
claim 21, wherein the controller includes media
containing commands that, when executed, cause the
controller to: determine from the downstream
concentration whether at least a predetermined portion
of the process gas component is being consumed in the
device, and, if so, increase the amount of reactant
gas injected by the injector. 


