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METHOD AND APPARATUS FOR
CONTROLLING A PROCESSING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of United States pro-
visional patent application Ser. No. 61/442,2°77, filed Feb. 13,
2011, which 1s herein incorporated by reference.

FIELD

[0002] Embodiments of the present invention generally
relate to controls systems for vacuum processing equipment
used, for example, in the manufacture of electronic devices.

BACKGROUND

[0003] Electronics manufacturing facilities must maintain
process chambers at appropriate operating pressures to maxi-
mize yield, throughput, uniformity, kit life, and up time.
Additionally, electronics manufacturing facilities are signifi-
cantly impacted by unscheduled down time, yield loss, and
equipment damage related to line clogging, line leaks, reac-
tive chemical incidents due to line leaks, and pump wear out.
In current manufacturing facilities, mspection and mainte-
nance of processing equipment related to the atorementioned
problems are performed manually after such a problem
OCCUrs.

[0004] For example, conventional best-known methods
(BKM) for leak checking of lines, line mspection for clog-
ging, and pump capacity testing (running pump capacity
curves between and after regularly scheduled preventative
maintenance checks) take time, are difficult, require highly
skilled labor, and are frequently not employed unless a pattern
of significant incidents have occurred.

[0005] Solar and light emitting diode (LED) facilities are
particularly impacted by these 1ssues because difficulty of
existing BKM procedures in finding leaks, defining the line
clogging, and or pump wear time line out between normally
scheduled replacement or inspection schedules.

[0006] Thus, the inventors have provided an improved
monitoring and control systems for use 1n vacuum processing,
equipment.

SUMMARY

[0007] Methods and apparatus for controlling a processing
system are provided herein. In some embodiments, a method
of controlling a processing system may include operating a
vacuum pump coupled to a process chamber at a first baseline
pump 1dle speed selected to maintain the process chamber at
a pressure equal to a first baseline pump 1dle pressure; moni-
toring the pressure 1n the process chamber while operating the
vacuum pump at the first baseline pump idle speed; and
determining whether the first baseline pump 1dle pressure can
be maintained 1n the process chamber when the vacuum pump
1s operating at the first baseline pump 1dle speed.

[0008] In some embodiments, the method may include
upon monitoring a pressure in the process chamber that 1s
different from the first baseline pump 1dle pressure, adjusting
the pump speed of the vacuum pump to a second pump idle
speed to maintain the process chamber at the first baseline
pump 1dle pressure; and determining whether the second
pump 1dle speed 1s within a predetermined tolerance of the
first baseline pump 1dle speed.
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[0009] In some embodiments, the method may include
idling the vacuum pump when no gases are flowing in the
process chamber; and monitoring the pressure 1n the process
chamber while 1dling the vacuum pump at the first baseline
pump idle speed.

[0010] Insomeembodiments, the method may be incorpo-
rated mto a computer readable medium that, when executed,
causes the method of controlling a processing system to be
performed.

[0011] In some embodiments, a processing system may
include a controller having one or more mputs to receive
respective mput values corresponding to a pressure in an
interior volume of a process chamber and a pump speed of a
vacuum pump coupled to the process chamber, wherein the
controller 1s configured to recerve the respective input values
while the process chamber 1s 1n an 1dle mode, and wherein the
controller 1s further configured to determine whether the pro-
cess chamber can be maintained at a predetermined pressure
corresponding to the vacuum pump operating at or within a
predetermined tolerance of a baseline pump idle speed.
[0012] Otherand further embodiments of the present mnven-
tion are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Embodiments of the present invention, briefly sum-
marized above and discussed 1n greater detail below, can be
understood by reference to the illustrative embodiments of
the mnvention depicted in the appended drawings. It 1s 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.

[0014] FIG. 1 depicts a schematic view of a processing
system having a control system in accordance with some
embodiments of the present invention.

[0015] FIG. 2 depicts a flow chart of a method 200 for
controlling a processing system in accordance with some
embodiments of the present invention.

[0016] FIG. 3 depicts a flow chart of a method 300 for
controlling a processing system in accordance with some
embodiments of the present invention.

[0017] FIG. 4 depicts a flow chart of a method 400 for
determining a first baseline pump 1dle speed in accordance
with some embodiments of the present invention.

[0018] FIG. 5 depicts a tlow chart of a method 500 for
determining a second baseline pump 1dle speed 1n accordance
with some embodiments of the present invention.

[0019] FIG. 6 depicts a flow chart of a method 600 for

controlling a processing system in accordance with some
embodiments of the present invention.

[0020] To {facilitate understanding, identical reference
numerals have been used, where possible, to designate 1den-
tical elements that are common to the figures. The figures are
not drawn to scale and may be simplified for clarnity. It 1s
contemplated that elements and features of one embodiment
may be beneficially incorporated in other embodiments with-
out further recitation.

DETAILED DESCRIPTION

[0021] Embodiments of the present mmvention generally
relate to controls systems and methods for monitoring and
controlling pump systems used 1n vacuum processing equip-
ment, such as may be used in the manufacture of electronic
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devices. For example, such control systems and methods may
be used advantageously in equipment for manufacturing solar
panels, silicon wafers and silicon-based semiconductor
devices, liquid crystal displays (LCD), light emitting diodes
(LED), and the like.

[0022] Embodiments of the present invention may provide
an integrated controls solution using the vacuum pressure 1n
the process chamber 1n a feedback control loop to dynami-
cally change the pump speed (e.g., pump 1dle speed) of the
pump to maintain a chamber pressure baseline (e.g., baseline
pump 1dle pressure) and predict a need for a preventative
maintenance (PM) downtime 1f degradation 1n the pressure 1s
detected. In some embodiments, the present invention may be
utilized while the chamber 1s 1n an 1dle mode, for example,
when there are no processes being performed and/or no pro-
cess gases flowing in the chamber. In the 1dle mode, the pump
speed may be lower than during a production mode of the
chamber.

[0023] FIG. 1 depicts a schematic view of a processing
system 100 having a control system 1n accordance with some
embodiments of the present invention. As shown 1n FIG. 1,
the processing system may generally include a process cham-
ber 102 having an interior processing volume 103 and having,
one or more gas mlets 105 coupled to one or more gas sources
124 and an outlet 107 coupled to a vacuum pump 112 via an
exhaust line 116.

[0024] The one ormore gas sources 124 may provide one or
more gases to the process chamber 102, such as process gases,
cleaning gases, purge gases, or the like. The vacuum pump
112 1s generally used to remove materials such as unused
process gases, process byproducts, and the like from the
process chamber. The vacuum pump 112, 1n combination
with a valve 108 disposed 1n the exhaust line 116 (such as a
gate valve, a throttle valve, or the like), can also be used to
control the pressure 1n the process chamber 102. A first pres-
sure sensor 104 (such as a pressure gauge) may be coupled to
the process chamber 102 to sense the pressure within the
process chamber 102.

[0025] A controller 106 may be coupled to recerve signals
from the first pressure sensor 104 and a second pressure
sensor 110 (discussed in more detail below). The controller
106 may be any suitable controller for use in an industrial
setting. In some embodiments, the controller 106 may be a
sub fab controller that 1s coupled to and controls various
components within a sub fab of the substrate processing sys-
tem 100. In some embodiments the controller 106 may be a
controller coupled to the process chamber 102. Alternatively
the controller 106 may be a separate controller configured as
described herein.

[0026] The controller 106 may comprise a central process-
ing unit (CPU) 118, a memory 120, and support circuits 122
tor the CPU. The controller 106 may control each component
ol the processing system 100 directly, or via computers (or
controllers) associated with particular process chamber and/
or support system components. The controller 106 may be
one of any form of general-purpose computer processor that
can be used 1n an industrial setting for controlling various
chambers and sub-processors. The memory, or computer-
readable medium of the CPU may be one or more of readily
available memory such as random access memory (RAM),
read only memory (ROM), floppy disk, hard disk, flash, or
any other form of digital storage, local or remote. The support
circuits are coupled to the CPU for supporting the processor
in a conventional manner. These circuits include cache, power
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supplies, clock circuits, input/output circuitry and sub-
systems, and the like. Inventive methods as described herein
may be stored in the memory of the controller 106 as software
routine that may be executed or invoked to control the opera-
tion of the substrate processing system 100 in the manner
described herein. For example, each method step may be
stored as or in a module of the memory 120. The software
routine may also be stored and/or executed by a second CPU
(not shown) that 1s remotely located from the hardware being
controlled by the controller 106.

[0027] The controller 106 may be coupled to and commu-
nicate with the first pressure sensor 104, the second pressure
sensor 110, and a pump controller 114. The second pressure
sensor 110 may be configured to sense a pressure 1n the line
116 between the valve 108 and the vacuum pump 112. The
second pressure sensor 110 can be located 1in any position
between the valve 108 and the vacuum pump 112, but 1s
typically positioned near the vacuum pump inlet. Alterna-
tively, the second pressure sensor 110 may be disposed
between the vacuum pump 112 and an abatement system 113
for abating the process chamber exhaust such that the con-
troller 106 may monitor inlet pressure on the abatement sys-
tem 106. The pump controller 114 1s coupled to and controls
the speed of the vacuum pump 112. Pump controller can be a
PLC (Programmable logical controller), a Micro controller,
orin acase of a stripped down pump, variable frequency drive
(VEFD) and mput/output (I0) modules controlled by the con-
troller 106. For example, the pump controller 114 could be
integrated into the vacuum pump package and the set points
could be driven from the controller 106, or the pump control-
ler could be a stand-alone unit recerving vacuum pump power,
pump speed, mert tlow, coolant flow, and operating tempera-
ture commands from the controller 106. The pump controller
114 can optionally send signals to valves within the pump
package to control the level of inert pump purge, pump rpm,
pump power usage, pump coolant, and pump temperature.
The control signals from the pump controller 114 may control
the total 1nert gas addition and cooling water tlow or option-
ally control the cooling water and 1nert gas addition by com-
pression zone.

[0028] In operation, the controller 106 may dynamically
control an 1dle speed setpoint of the pump speed of the
vacuum pump 112 based on feedback from the pressure sen-
sor 104. In addition the controller 106 may detect degradation
or leaks 1n the exhaust line 116 of the process chamber 102.
For example, 1n some embodiments, the controller 106 may
receive a signal from the pressure sensor 104 correlating to
the vacuum pressure in the process chamber 102 and may use
that signal 1n a feedback control loop to dynamically change
the pump speed (e.g., a pump 1dle speed) of the vacuum pump
112 to maintain a chamber pressure baseline (e.g., a baseline
pump 1dle pressure) and to predict a need for a preventative
maintenance downtime if degradation in the chamber pres-
sure 1s detected.

[0029] FIG. 2 depicts a flow chart of a method 200 for
controlling a processing system in accordance with some
embodiments of the present invention. In some embodiments,
the method 200 may be an example of a module of the
memory 122 of the controller and may be used to control the
processing system as described herein. The method 200 gen-
crally begins at 210 where a baseline pump idle speed 1is
determined. For example, a baseline pump 1dle speed deter-
miner module may be included the memory 122 of the con-
troller and/or the memory of another controller, such as the
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pump controller 114 for determining the base pump idle
speed. In some embodiments, the baseline pump 1dle speed
may be determined by first determining a baseline pump 1dle
pressure of the exhaust line 116 downstream of the valve 108.
For example with the valve 108 closed, the pump may be run
at full speed and the pressure within the exhaust line 116 may
be measured with the second pressure sensor 110. Next, at
214, the lowest 1dle speed sulficient to maintain the baseline
pump 1idle pressure may be determined. For example, the
pump speed may be decreased to reach a baseline pump idle
speed, defined as the lowest pump speed suilicient to maintain
the baseline pump idle pressure. The baseline pump 1idle
speed of the vacuum pump 112 provides the lowest energy
consumption from runming the vacuum pump 112 while
maintaining the baseline pump 1dle pressure 1n the exhaust
line 116 downstream of the valve 108.

[0030] Next at 220, the pump speed may be monitored
while the vacuum pump 1s being operated at the baseline
pump idle speed. For example, a pump speed monitor module
may be included 1in the memory 122 and/or the memory of
another controller, such as the pump controller 114 for moni-
toring pump speed. In some embodiments, as shown at 222,
the valve 108 may be opened with no gas flowing 1n the
process chamber 102 and the chamber pressure may be moni-
tored via the pressure sensor 104. When the gate valve 1s
opened 1n the gases flowing in the process chamber, the sys-
tem should ideally remain sealed and the vacuum pump
should be able to maintain a desired vacuum pressure within
the process chamber 102.

[0031] Nextat230,1t1s determined whether the system can
maintain vacuum (e.g., the baseline pump 1dle speed) 1n the
process chamber 102 with the vacuum pump 112 running at
the baseline pump 1dle speed. For example, a maintaining,
baseline pump 1dle pressure determiner module may be
included in the memory 122 and/or the memory of another
controller, such as the pump controller 114 for determining
whether a pressure can be maintained while operating the
pump 112 at the baseline pump 1dle speed. If 1t 1s determined
that the system can maintain the vacuum pressure (e.g., the
baseline pump 1dle speed) in the process chamber then the
system can enter run mode, as shown at 232. For example, a
system run module may be included in the memory 122
and/or the memory of another controller, to cause the system
to enter a run mode, or for providing a signal indicating that a
run mode may be entered, when the maintaining baseline
pump idle pressure determiner module determines that the
system can maintain the baseline pump 1dle pressure. How-
ever, 1f the system cannot maintain the vacuum pressure in the
process chamber, then a system warning may be generated.
For example, a system warning module may be included 1n
the memory 122 and/or the memory of another controller,
such as the pump controller 114 for causing the system to
generate a warning when maintaining baseline pump 1dle
pressure determiner module determines that the system can-
not maintain the baseline pump 1dle pressure. The system
warning may include one or more of warning messages,
lights, audible sounds, or the like. Warnings may be displayed
with a flashing yellow light and/or a message on the operator
interface (e.g., human machine interface, or HMI) of the
controller 106. Warning messages can provide further details
on possible cause, such as pump degradation, leaks post or pre
gate valve or 1n chamber. Warnings can be tied to the process
tool controller and can prevent the next wafer load. For
example, the controller 106 can display an appropriate warmn-
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ing message on the screen (e.g., leak, line clogging, pump
wear out, or the like) and optionally can display a warning
light, for example, onthe sub fab equipment status light tower
or other suitable location. The controller 106 may cause the
alarm message, lights, audible sounds, etc., to be provided on
the controller 106, on a process chamber controller display
(not shown), a factory controller display (not shown), or any
other suitable location. Customer programmable escalation
options could 1nclude auto shut down or implementation of
interlocks to prevent a next cycle of substrate processing 1f
warnings are not acknowledged and/or 11 the deficiency 1s not
resolved. If a system warning 1s generated, the system may be
shut down and any leaks along the exhaust conduit 116
between the valve 108 and the process chamber 102 may be
located and fixed.

[0032] FIG. 3 depicts a tflow chart of a method 300 for
controlling a process chamber in accordance with some
embodiments of the present invention. In some embodiments,
the method 300 may be an example of a module of the
memory 122 of the controller and may be used to control the
processing system as described herein. In some embodi-
ments, the method 300 may be performed after the method
200 has previously been performed. The method 300 gener-
ally begins at 302, where the vacuum pump 112 may be set to
idle mode when no gases are flowing 1n the process chamber
102. For example, a vacuum pump i1dler module may be
included 1n the memory 122 and/or the memory of another
controller, such as the pump controller 114 for causing the
vacuum pump to idle. For example, after processing of a
substrate, or a number of substrates 1s completed, the process
chamber may enter an 1dle mode to await further substrates,
perform maintenance, or the like. When the process chamber
1s 1n an 1dle state, or at some other desired period of time when
no gases are flowing in the process chamber, the speed of the
vacuum pump 112 may be reduced. When the vacuum pump
1s at the reduced speed (e.g., baseline pump 1dle speed), the
desired vacuum pressure (e.g., baseline pump 1dle pressure)
in the process chamber 102 may typically be maintained, as
no gases a flowing into the process chamber.

[0033] At 304, the pressure within the process chamber 102
may be maintained. For example, a pressure maintainer mod-
ule may be included in the memory 122 and/or the memory of
another controller, such as the pump controller 114 for caus-
ing the vacuum pressure to be maintained in the process
chamber. The vacuum pump 112 can typically remain 1n 1dle
(e.g., runmng at a first pump idle speed equal to the baseline
pump 1dle speed, or some other 1dle speed less than a prede-
termined maximum pump idle speed) while the pressure
within the process chamber 102 1s maintained. However, as
shown at 305, 1n order to maintain the desired pressure within
the process chamber 102, the first pump 1dle speed of the
vacuum pump 112 must be increased to a second pump 1idle
speed to maintain the desired pressure (e.g., baseline pump
idle pressure). For example, 1f the controller 106 detects from
the data provided by the first pressure sensor 104 that the
pressure in the process chamber 1s increasing above a desired
setpoint (e.g., baseline pump 1dle pressure), the controller 106
may send a signal to the pump controller 114 to increase the
speed of the vacuum pump 112 1n order to maintain the
pressure in the process chamber at or near the desired setpoint
(e.g., baseline pump 1dle pressure). The pressure 1n the pro-
cess chamber 102 may increase while 1n i1dle, for example,
due to a leak along the exhaust line, deterioration of the pump,
or the like.
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[0034] At 306, the second pump 1dle speed may be com-
pared to the first pump 1dle speed. For example, an idle speed
comparer module may be included 1n the memory 122 and/or
the memory of another controller, such as the pump controller
114 for comparing a pump 1dle speed with a baseline pump
idle speed. In some embodiments, the second pump idle
speed may be the current pump speed and the first pump 1dle
speed may be the baseline pump 1dle speed. For example, the
controller 106 may compare the second pump 1dle speed
required to maintain the desired pressure (e.g., baseline pump
idle pressure) in the process chamber 102 to the first pump
idle speed.

[0035] At 308, 1t 15 determined whether the second pump
idle speed 1s comparable to the first pump 1dle speed. If the
second pump idle speed 1s within a predetermined range or
tolerance of the first pump 1dle speed, the second pump idle
speed setpoint may be considered to be comparable to the first
pump 1dle speed and the chamber may continue normal
operation, as shown at 310. However, 11 the second pump 1dle
speed 1s outside of a predetermined range or tolerance of the
first pump 1dle speed, or the second pump idle speed exceeds
some predetermined maximum pump idle speed, a warning
may be generated, as shown at 312. The warning may be any
of the warnings as described above and may be the same
warning (or combination of warnings) or may be different
warnings in whole or 1in part. Thus, 11 the system can maintain
the desired pressure (e.g., baseline pump idle pressure) in the
process chamber with the vacuum pump 112 running at or
below a maximum a predetermined maximum pump idle
speed, the chamber may continue normal operations. Other-
wise a warning may be generated.

[0036] In some embodiments, one or more baseline pump
idle speeds may be determined and utilized 1n the methods
described above and further 1in the methods discussed below.
For example, FI1G. 4 depicts a method 400 for determining a
baseline pump 1dle speed of a vacuum pump 1n accordance
with some embodiments of the present invention. In some
embodiments, the method 400 may be an example of a mod-
ule of the memory 122 of the controller and may be used to
control the processing system as described herein. The
method 400 1s described below in accordance with the
embodiments of the system 100 as shown in FIG. 1; however,
any suitable processing system may be utilized.

[0037] The method 400 may be utilized to determine a first
baseline pump 1dle speed of the vacuum pump 112, where the
first baseline pump 1dle speed may be selected to maintain the
process chamber 102 at a first baseline pump 1dle pressure.
For example, the first baseline pump 1dle pressure may be a
pressure of the interior volume 103 of the process chamber
102 and the exhaust line 116. The first baseline pump 1dle
pressure may be maintained 1n the system 100 during an idle
mode when no gases are tlowing and when the valve 108 1s
open. The method 400 may be performed at startup of the
system 100, after servicing, periodically, or at any desired
time when the system 100 1s not 1n a run mode. For example,
a first baseline pump idle speed determiner module may be
included in the memory 122 and/or the memory of another
controller, such as the pump controller 114 for determining
the first baseline pump 1dle speed.

[0038] The method 400 begins at 402 by opening the valve
108 separating the process chamber 108 from the exhaust line
116. The valve 108 may be opened to the maximum setting or
to any suitable setting that 1s used during an 1dle mode of the
system 100.
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[0039] At402, apressure 1in the process chamber 102 equal
to the first baseline pump idle pressure while the valve 108 1s
open. For example, the first baseline pump 1dle pressure may
be measured by the first pressure sensor 104, the second
pressure sensor 110, or a combination thereof. The 1nitial
pump speed of the vacuum pump 112 used to determine the
first baseline pump idle pressure may be one or more of the
maximum pump speed of the vacuum pump 112 or a maxi-
mum pump speed of the vacuum pump 112 that will be used
during an 1dle mode of the system 100. The mitial pump speed
may be used to determine the first baseline pump 1dle pres-
sure. In some embodiments, the first baseline pump 1dle pres-
sure may be the lowest achievable pressure that may be
obtained 1n the process chamber 102 and the exhaust line 116
while the valve 108 1s open.

[0040] At 406, a lowest pump speed of the vacuum pump
112 suificient to maintain the first baseline pump idle pressure
may be determined. The lowest pump speed may be the first
baseline pump 1dle speed. In operation, once the first baseline
pump idle pressure 1s determined, the first baseline pump idle
speed may be determined by reducing the pump speed until
the pump speed 1s no longer sufficient to maintain the first
baseline pump idle pressure.

[0041] FIG. 5 depicts amethod 500 for determining a base-
line pump 1dle speed of a vacuum pump 1n accordance with
some embodiments of the present invention. In some embodi-
ments, the method 500 may be an example of a module of the
memory 122 of the controller and may be used to control the
processing system as described herein. The method 500 1s
described below 1n accordance with the embodiments of the
system 100 as shown in FIG. 1; however, any suitable pro-
cessing system may be utilized. The method 500 may be
performed at startup of the system 100, after servicing, peri-
odically, or at any desired time when the system 100 1s not 1n
a production mode. The method 500 may be substantially
similar to step 210 of the method 200 as discussed above for
determining a baseline pump 1dle pressure. For example, a
second baseline pump 1dle speed determiner module may be
included 1n the memory 122 and/or the memory of another
controller, such as the pump controller 114 for determining
the second baseline pump 1dle speed.

[0042] The method 500 begins at 502 by closing the valve
108 to 1solate the exhaust line 116 from the process chamber
102. Accordingly, the baseline pump 1dle pressure deter-
mined by method 500 may be a baseline pump 1dle pressure of

the exhaust line 116.

[0043] At502, a pressure of the exhaust line 116 equal to a
second baseline pump 1dle pressure may be determined while
the valve 108 1s closed. For example, the first baseline pump
idle pressure may be measured by the second pressure sensor
110. The imitial pump speed of the vacuum pump 112 used to
determine the second baseline pump 1dle pressure may be one
or more of the maximum pump speed of the vacuum pump
112 or a maximum pump speed of the vacuum pump 112 that
will be used during an 1dle mode of the system 100. The 1nitial
pump speed may be used to determine the second baseline
pump 1dle pressure. In some embodiments, the second base-
line pump 1dle pressure may be the lowest achievable pressure

that may be obtained in the exhaust line 116 while the valve
108 1s closed.

[0044] At 506, a lowest pump speed of the vacuum pump
112 sufficient to maintain the second baseline pump 1dle
pressure may be determined. The lowest pump speed may be
the second baseline pump idle speed. In operation, once the
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second baseline pump 1dle pressure 1s determined, the second
baseline 1dle speed may be determined by reducing the pump
speed until the pump speed 1s no longer suificient to maintain
the second baseline pump 1dle pressure 1n the exhaust line

116.

[0045] FIG. 6 depicts a flow chart of a method 600 for
controlling a processing system in accordance with some
embodiments of the present invention. In some embodiments,
the method 600 may be an example of a module of the
memory 122 of the controller and may be used to control the
processing system as described herein. The method 600 may
be substantially similar to the combination of steps 220-234
of method 200 and method 300 as discussed above. Further
the method 600 may be utilized after determining the one or

more baseline pump idle pressures at methods 400, 500 and/
or step 210 of method 200.

[0046] The method 600 may begin at 602 by operating the
vacuum pump 112 at the first baseline pump 1dle speed
selected to maintain the process chamber 102 at a pressure
equal to the first baseline pump 1dle pressure. As discussed
above, the first baseline pump idle pressure and first baseline
pump 1dle speed may be determined using method 400. Dur-
ing operation at 602, the valve 108 may be open. Further,
during operation at 602, the system 100 may be operating 1n
an 1dle mode where the vacuum pump 1s 1dling and no gases
are flowing 1n the process chamber 102. For example, vacuum
pump operator module may be included 1n the memory 122
and/or the memory of another controller, such as the pump
controller 114 for operating the vacuum pump at a desired
pump speed.

[0047] At 604, the pressure 1n the process chamber may be
monitored while operating the vacuum pump at the first base-
line pump 1dle speed. For example, the pressure may be
monitored by the first pressure sensor 104, the second pres-
sure sensor 110, or a combination thereof. The monitoring of
the process chamber may occur while the system 100 1s
operating 1n an 1dle mode, where the vacuum pump 112 1s
1dling and no gases are tlowing in the chamber 102, such from
the one or more gas sources 124. For example, a pressure
monitor module may be included 1n the memory 122 and/or
the memory of another controller, such as the pump controller
114 for monitoring the pressure while the vacuum pump 1s
operated at a desired pump speed.

[0048] At 606, a determination may be made as to whether
the first baseline pump 1dle pressure can be maintained in the
process chamber 102 while the vacuum pump 112 1s operat-
ing at the first baseline pump 1dle speed. For example, the
determination at 606 may be made by monitoring the pressure
in the process chamber 102 using one or more of the first and
second pressure sensors 104, 110 for a deviation from the first
baseline pump 1dle pressure. The deviation may be predeter-
mined, such as percentage deviation from the first baseline
pump 1dle pressure, or may be determined by measurements
during operation, such as a standard deviation from a mean
value of pressure measurements while the system 100 oper-
ating 1n an 1dle mode. For example, a first baseline pump 1dle
pressure determiner module may be included 1n the memory
122 and/or the memory of another controller, such as the
pump controller 114 for determiming whether the first base-
line pump 1dle pressure can be maintained in the process
chamber.

[0049] At 608, upon monitoring that no deviation in the first
baseline pump idle pressure exists, the vacuum pump 112
may continue to operate at the first baseline pump idle speed.
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[0050] Alternatively, at 610, upon monitoring that a devia-
tion exists, such as a pressure in the process chamber that 1s
different from the first baseline pump idle pressure, the pump
speed of the vacuum pump 112 may be adjusted to a second
pump idle speed to maintain the process chamber 102 at the
first baseline pump 1dle pressure. The second pump i1dle speed
may be determined automatically, for example, by a feedback
loop between one or more of the first and second pressure
sensors 104, 110 and the pump controller 114 of the vacuum
pump 112 upon receiving a signal from the controller 106
when a deviation from the first baseline pump idle pressure
has been determined. For example, a first baseline pump idle
speed adjuster module may be included in the memory 122
and/or the memory of another controller, such as the pump
controller 114 for adjusting the pump 1dle speed in response
to a negative output from the first baseline pump 1dle pressure
determiner module.

[0051] At 612, a determination may be made whether the
second pump 1dle speed 1s within a predetermined tolerance
of the first baseline pump 1dle speed. For example within a
predetermined tolerance may include within the maximum
pump speed of the vacuum pump 112 that will be used during
an 1dle mode of the system 100, within a predetermined range
of the first baseline pump idle speed, or other suitable toler-
ances of the first baseline pump idle speed. For example,
second pump 1dle speed tolerance determiner module may be
included 1n the memory 122 and/or the memory of another
controller, such as the pump controller 114 for determining
whether the second pump idle speed 1s within a predeter-
mined tolerance of the first baseline pump 1dle speed.

[0052] At 614, upon determining that the second pump 1dle
speed 1s within the predetermined tolerance of the first base-
line pump 1dle speed, the processing system 100 may enter a
run mode, such as a production mode or the like. Alterna-
tively, upon determiming that the second pump 1dle speed 1s
within the predetermined tolerance, the system 100 may con-
tinue to operate 1n an 1dle mode where the vacuum pump 112
may continue to operate at the second baseline pump idle
speed. For example, a system run module may be included 1n
the memory 122, and/or the memory of another controller of
the system, to cause or allow the system to operate 1n a run
mode or idle mode in response to a positive output from
second pump 1dle speed tolerance determiner module.

[0053] At 616, upon determining that the second pump 1dle
speed 1s not within a predetermined tolerance of the first
baseline pump 1dle speed, a system warning may be gener-
ated. The system warning may be any suitable system warn-
ing as discussed herein. For example, a system warning mod-
ule may be included in the memory 122 and/or the memory of
another controller, such as the pump controller 114 for 1ssuing
a system warning in response to a negative output from sec-
ond pump 1dle speed tolerance determiner module.

[0054] In some embodiments, when a system warning 1s
generated, a diagnostic routine may be run to determine the
cause of the system warning. For example, the system may be
run 1n a diagnostic mode where no gases are flowing into the
process chamber 102 from the one or more gas sources 124.
Further, the relationship between the second pump i1dle speed
and the second pump 1dle pressure (as determined by method
500 or step 210 of method 200) may be utilized to at least
narrow the cause of the system warning to a region of the
system 100 as discussed below.

[0055] The diagnostic mode may include narrowing the
source of the system warning to above or below the valve 108
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using the relationship between the second pump 1dle speed
and the second pump 1dle pressure. For example, the diag-
nostic mode may begin by closing the valve 108 upon deter-
mimng that the second pump speed 1s not within the prede-
termined tolerance of the first baseline pump 1dle speed. Next,
the vacuum pump 112 may be operated at the second baseline
pump 1dle speed which has been selected to maintain the
exhaust line 116 at the second baseline pump 1dle pressure.
The pressure of the exhaust line 116 may be monitored by the
second pressure sensor 110 while the vacuum pump 112 1s
operating at the second baseline pump 1dle speed. A determi-
nation may be made whether the second baseline pump 1dle
pressure can be maintained 1n the exhaust line 116 when the
vacuum pump 1s operating at the second baseline pump 1dle
speed.

[0056] For example, if the pressure of exhaust line 116
remains at the second baseline pump idle pressure while the
vacuum pump 112 1s operated at the second baseline pump
idle speed, 1t may be determined that the cause of the system

warning at 616 may be a component of the system 100 above
the valve 108, such as a leak 1n the chamber 102 or the like.

[0057] Alternatively, upon monitoring a pressure in the
exhaust line 116 that 1s different from the second baseline
pump idle pressure, the pump speed of the vacuum pump 112
may be adjusted to a third pump idle speed to maintain the
exhaust line 116 at the second baseline pump 1dle pressure. A
determination may be made whether the third pump 1dle
speed 1s within a predetermined tolerance of the second base-
line pump 1dle speed. The predetermined tolerance may be
determined 1n a sitmilar way to that discussed above at 612. If
the third pump 1dle speed 1s within the predetermined toler-
ance ol the second baseline pump 1dle speed, it may be deter-
mined that the cause of the system warning at 616 may be a
component of the system 100 above the valve 108.

[0058] If the third pump 1dle speed 1s not within the prede-
termined tolerance of the second baseline pump 1dle speed, it
may be determined that the cause of the system warning at
616 may be a component of the system 100 below the valve

108, such as a leak 1n the exhaust line 116 or the like.

[0059] Thus, embodiments of the momtoring and control
system 1n accordance with the present invention may provide
improved methods of maintaining chamber operating pres-
sure. Additionally, embodiments of the present invention may
provide a variety of warnings of impending down time unless
preventative maintenance 1s performed.

[0060] Embodiments of the present mnvention can assure
proper chamber operating pressure and additionally can pre-
dict need for a down time preventative maintenance check by
using an 1integrated controls solution as described above,
chamber and exhaust line pressure readings, the ability to
dynamically adjust the vacuum pump 1dle speed, and the
ability to control the position of the valve 108. In some
embodiments, during the controller 106 auto checking pro-
cedure for leaks, line clogging, or pump wear out, throttle
valve or gate valve position could optionally be managed by
the controller 106 to belter differentiate between line clog-
ging and pump wear out root causes.

[0061] The following non-limiting examples illustratively
depict methods of controlling a process chamber 1n accor-
dance with some embodiments of the present invention. In
some embodiments, the methods of controlling a process
chamber as discussed above may be utilized for predictive
leak detection. This example 1s not intended to be the only
way to predict a leak using the methods described herein.
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[0062] Penodically, during non-process chamber recipe
cycle time, the controller 106 could perform this test. When
the valve 108 1s near closed, the pump RPM may be reduced,
and a nitrogen purge of the vacuum pump 112 may be set to
a fixed flow rate. The pressure at the pump 1nlet will fall over
time and can be compared to an original baseline pressure
decay curve. Next, the vacuum pump pressure decay curve
over time and variance 1n the pump pressure decay curve over
time may be compared to the baseline pressure decay curve
over time and variance 1n the baseline pressure decay curve
over time. Each facilitation, throttle valve, and pump install
will produce a unique pressure decay vs. time curve. The
baseline curve would need to be determined when equipment
or plumbing 1s reconfigured. Small, medium, and large leaks
could be simulated at the time of the base lining via use of a
sample port at the gate valve. A statistical analysis can be used
to determine the confidence level that will be chosen to send
a preventative maintenance warning and provide support data
in a pre formatted report.

[0063] Insome embodiments, the methods of controlling a
process chamber as discussed above may be utilized for pre-
dictive clog detection. This example 1s not intended to the
only way to track line clogging. Periodically, preferably dur-
ing non-process chamber recipe cycle time, the controller 106
could pertform this test.

[0064] When the valve 108 1s nearly closed and the cham-

ber pressure rises, with the vacuum pump 112 at high RPM
output, the valve 108 may be quickly opened. The pressure
rise vs. time curve at the pump and the pressure fall curve vs.
time at the chamber may be observed and/or recorded. Com-
paring the original configuration pump pressure rise over time
curve and chamber pressure fall vs. time curve to the post
preventative maintenance pressure rise and fall curves will
provide data characteristic to the change 1n Cv value of the
exhaust line conductance. The change in Cv value and change
in variation in the two key pressure vs. time curves will be
indicative of the degree of exhaust line lumen occlusion. Each
system can be unique and baseline performance must be
characterized for the 1nitial assembly and after pressure trans-
ducers, pumps, throttle valves, or chambers have been
changed.

[0065] Insome embodiments, the methods of controlling a
process chamber as discussed above may be utilized for pump
wear out detection. This example 1s not intended to the only
way to track pump wear out. This 1ssue 1s very important as
new factories use new pumps that are very durable, and sub-
sequently, rebuilt pumps are used until they are so worn out
that they are no longer meet minimum reliability threshold
specifications.

[0066] Insomeembodiments, with the valve 108 at a preset
position, and the pump at maximum or specific high RPM and
power output, a significant amount of a low viscosity gas
(such as hydrogen or helium) may be tlowed into a process
chamber 102. The pump and chamber pressure vs. time may
be compared and vaniation in these curves may be compared
to a baseline pump curve capability. As pumps wear, they lose
pumping capacity for low viscosity gases 1n the later com-
pression stages ol the pump. This reduced pumping eificiency
results a reduction 1n the pumps ability to maintain a low
chamber pressure. Additionally a pump with wear out char-
acteristics experience excess heating of the last few pump
compression stages and higher chamber pressures at any
given pump RPM. A pump exhibiting wear out characteristics
requires more power to maintain the same chamber pressure.
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In addition to measuring a increase 1 chamber pressure, the
controller 106 can compare final stage pump temperatures
and pump energy requirements for mnitial commaissioning, and
monitor pump curves and operational parameters over time.
As the pump wears, the system could periodically conduct a
pump curve test to determine pump capability. With a statis-
tical evaluation of pump wear out (pump curve and final stage
pump temp) over time (with each unique facilitation) the
controller 106 can provide a warning that the pump capability
1s approaching the need for rebuild or change out prior to
yield loss and/or significant power waste due to premature
pump wear out.

[0067] In addition to warnings, the controller 106 can pro-
duce standard reports including statistical analysis, change in
process capability, and/or confidence level of failure or risk of
not performing the recommended preventative maintenance
activities.

[0068] 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.

1. A method of controlling a processing system, compris-
ng:

operating a vacuum pump coupled to a process chamber at

a first baseline pump 1dle speed selected to maintain the
process chamber at a pressure equal to a first baseline
pump idle pressure;

monitoring the pressure in the process chamber while oper-

ating the vacuum pump at the first baseline pump 1dle
speed; and

determining whether the first baseline pump 1dle pressure

can be maintained in the process chamber when the
vacuum pump 1s operating at the first baseline pump idle
speed.
2. The method of claim 1, wherein operating the vacuum
pump further comprises operating the vacuum pump at the
first baseline pump idle speed when no gases are flowing 1n
the process chamber.
3. The method of claim 1, further comprising;
upon monitoring a pressure 1n the process chamber that 1s
different from the first baseline pump 1dle pressure,
adjusting the pump speed of the vacuum pump to a
second pump i1dle speed to maintain the process chamber
at the first baseline pump 1dle pressure; and

determining whether the second pump idle speed 1s within
a predetermined tolerance of the first baseline pump 1dle
speed.

4. The method of claim 3, further comprising;

upon determining that the second pump i1dle speed 1s within
a predetermined tolerance of the first baseline pump 1dle
speed, causing or allowing the processing system to
enter a run mode or generating a signal indicating that
the processing system can enter the run mode.

5. The method of claim 3, further comprising:

determining the first baseline pump 1dle speed of the
vacuum pump by opening a valve separating the process
chamber from an exhaust line coupled to the vacuum
pump, determining a pressure 1n the process chamber
equal to the first baseline pump idle pressure while the
valve 1s open, and determining a lowest pump speed of
the vacuum pump suificient to maintain the first baseline
pump 1dle pressure, wherein the lowest pump speed 1s
the first baseline pump 1dle speed.

Aug. 16,2012

6. The method of claim 5, further comprising;

determining a second baseline pump 1dle speed of the

vacuum pump selected to maintain an exhaust line cou-
pling the vacuum pump to the process chamber at a
pressure equal to a second baseline pump 1dle pressure
when a valve separating the process chamber and the
exhaust line 1s closed.

7. The method of claim 6, wherein determining the second
baseline pump 1dle speed further comprises:

closing the valve to 1solate the exhaust line from the pro-

cess chamber;

determiming a pressure 1n the exhaust line equal to the

second baseline pump 1dle pressure while the valve 1s
closed; and

determining the lowest pump speed sullicient to maintain

the second baseline pump 1dle pressure, wherein the
lowest pump speed 1s the second baseline pump 1dle
speed.

8. The method of claim 6, further comprising:

upon determining that the second pump idle speed 1s not

within a predetermined tolerance of the first baseline
pump 1dle speed, generating a system warning.

9. The method of claim 8, further comprising;

closing the valve upon determining that the second pump

speed 1s not within a predetermined tolerance of the first
baseline pump 1dle speed;

operating the vacuum pump at the second baseline pump

idle speed selected to maintain the exhaust line at the
second baseline pump 1dle pressure;

monitoring the pressure within the exhaust line with the

valve closed while no gas 1s flowing into the process
chamber: and

determining whether the second baseline pump idle pres-

sure can be maintained in the exhaust line when the
vacuum pump 1s operating at the second baseline pump
idle speed.

10. The method of claim 9, turther comprising:

upon monitoring a pressure in the exhaust line that 1s dii-

ferent from the second baseline pump 1dle pressure,
adjusting the pump speed of the vacuum pump to a third
pump 1dle speed to maintain the exhaust line at the
second baseline pump idle pressure; and

determining whether the third pump 1dle speed 1s within a

predetermined tolerance of the second baseline pump
idle speed.

11. A computer readable medium having instructions
stored thereon that, when executed, cause a method of con-
trolling a processing system to be performed, the method
comprising;

operating a vacuum pump coupled to a process chamber at

a first baseline pump 1dle speed selected to maintain the
process chamber at a pressure equal to a first baseline
pump 1dle pressure;

monitoring the pressure 1n the process chamber while oper-

ating the vacuum pump at the first baseline pump 1dle
speed; and

determiming whether the first baseline pump 1dle pressure

can be maintained in the process chamber when the
vacuum pump 1s operating at the first baseline pump 1dle
speed.

12. The computer readable medium of claim 11, further
comprising:

upon monitoring a pressure in the process chamber that 1s

different from the first baseline pump idle pressure,




US 2012/0204965 Al

adjusting the pump speed of the vacuum pump to a
second pump 1dle speed to maintain the process chamber
at the first baseline pump 1dle pressure; and

determining whether the second pump 1dle speed 1s within
a predetermined tolerance of the first baseline pump 1dle
speed.

13. The computer readable medium of claim 12, further
comprising;

upon determining that the second pump 1dle speed 1s within
a predetermined tolerance of the first baseline pump 1dle
speed, causing or allowing the processing system to
enter a run mode or generating a signal indicating that
the processing system can enter the run mode.

14. The computer readable medium of claim 12, wherein
operating the vacuum pump further comprises operating the
vacuum pump at the first baseline pump 1dle speed when no
gases are tlowing in the process chamber.

15. The computer readable medium of claim 12, further
comprising;

upon determining that the second pump 1dle speed 1s not
within a predetermined tolerance of the first baseline
pump 1dle speed, generating a system warning.

16. A processing system, comprising:

a controller having one or more inputs to recerve respective
input values corresponding to a pressure 1n an 1nterior
volume of a process chamber and a pump speed of a
vacuum pump coupled to the process chamber, wherein
the controller 1s configured to receive the respective
input values while the process chamber 1s in an 1dle
mode, and wherein the controller 1s further configured to
determine whether the process chamber can be main-
tained at a predetermined pressure corresponding to the
vacuum pump operating at or within a predetermined
tolerance of a baseline pump 1dle speed.

17. The processing system of claim 16, wherein the con-
troller 1s further configured to, upon determining that the
process chamber can be maintained at the predetermined
pressure corresponding to the vacuum pump operating at or
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within the predetermined tolerance of the baseline pump idle
speed, causing or allowing the processing system to enter a
run mode or generating a signal indicating that the processing
system can enter the run mode.

18. The processing system of claim 16, wherein the con-
troller 1s further configured to, upon determining that the
process chamber cannot be maintained at the predetermined
pressure corresponding to the vacuum pump operating at or
within the predetermined tolerance of the baseline pump idle
speed, generating a system warning.

19. The processing system of claim 18, wherein the con-
troller 1s turther configured to receive an input value corre-
sponding to a pressure in an exhaust line disposed between
the process chamber and the vacuum pump and to determine
whether the exhaust line can be maintained at a predeter-
mined pressure corresponding to the vacuum pump operating
at or within a predetermined tolerance of a second baseline
pump idle speed.

20. The processing system of claim 18, further comprising:

the process chamber having an 1interior processing volume
and the exhaust line coupled to the interior processing,
volume:

a gas source coupled to the interior processing volume to
provide one or more gases to the process chamber;

a valve disposed 1n the exhaust line;

the vacuum pump coupled to the exhaust line downstream
of the valve such that the vacuum pump may be selec-
tively coupled to or 1solated from the processing volume
via operation of the valve;

a {irst pressure sensor to provide a first input value of the
respective mput values corresponding to the pressure
within the interior processing volume; and

a second pressure sensor to provide a second input value of
the respective mput values corresponding to the pressure
within the exhaust line between the valve and the
vacuum pump.
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