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VACUUM PUMPING SYSTEMS

The present invention relates to a system comprising a vacuum pumping

mechanism and a motor for driving the mechanism.

Hereto, vacuum pumping systems are known which comprise a vacuum pumping
mechanism and a motor for driving the mechanism. The pumping system may be
connected for exhausting fluid from a processing system for processing wafers, such as
semi-conductor wafers, comprising a processing chamber and a transfer chamber. A
condition of such a vacuum pumping system deteriorates during operation. of the system
and a maintenance activity is required to restore, repair or maintain the condition of the
system. For instance, a filter may become clogged with particles and require
replacement. Previously, such a maintenance activity is scheduled dependent on elapsed
time since delivery of the system to a customer or since the performance of a previous
maintenance activity. For instance, a maintenance activity may be scheduled for a month
after delivery and regularly thercafter. Such a schedule takes no account of the actual
requirement for a maintenance activity since a condition of the system may not require
maintenance when a maintenance activity is scheduled if for example the system has been
operative for less time than was envisaged. Alternatively, and perhaps more dangerously,
a condition may require maintenance in advance of a scheduled maintenance activity
because the system has been used more extensively than envisaged. It is therefore
desirable to perform a maintenance activity on the system according to an actual, real

time, requirement of a condition of the system.
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It is also known to provide a vacuum pumping sub-system together with other
sub-systems in a processing system. An abatement system is one example of such a sub-
system, The abatement system treats gas exhausted from vacuum pumping systems to
remove hazardous process by-products or other substances from the exhausted gas. In
order to remove such substances an abatement system consumes resources such as power,
water, gas or other chemicals, If the pumping arrangement is connected for pumping gas
from a processing chamber, for instance a processing chamber for processing semi-
conductor wafers, the abatement system is activated prior to commencement of a
processing procedure and continues to operate at a fixed capacity which is sufficient to
treat a maximum expected flow rate of gas from the pumping arrangement. If the
abatement system were operated at less than such a fixed capacity some gas may be
released into the environment without treatment. It will be appreciated that if the
abatement system is set to run at a fixed capacity then there will be redundancy in the
system when gas is exhausted from the vacuum pumping system at less than a maximum
expected rate or when no gas is exhausted. It is desirable to control the abatement system
so that if is operating at a sufficient capacity to treat exhausted gas but without consuming

resources unnecessarily.

The present invention provides a vacuum pumping system comprising;

at Icast onc vacuum pumping mechanism;

a motor for driving said at least one vacuum pumping mechanism;

means for determining a cumulative load on said vacuum pumping system over

time by monitoring a characteristic of said motor over said time; and
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means for activating a maintenance activity on said system when said cumulative
load exceeds a predetermined amount.

'The vacuum pumping system may be adapted for use with a processing system
comprising a processing chamber in which wafers can be processed and a transfer
chamber through which wafers can be transferred to the processing chamber for
processing and transferred from the processing chamber after processing. In this case, the
vacuum pumping system may comprise:

a first said vacuum pumping mechanism driven by a first said motor for
evacuating gas from the processing chamber; and

a second said vacuum pumping mechanism driven by a second said motor for
gvacuating gas from the transfer chamber;

wherein said determining means determines a cumulative load on said vacuum
pumping system over time by monitoring said characteristic of said first motor or said
second motor.

The present invention also provides a maintenance detection unit for a vacuum
pumping system, said system comprising:

a vacuum pumping mechanism;

a motor for driving said vacuum pumping mechanism; and

a system control unit;

whercin said maintcnance unit comprises:

means for determining a cumulative load on said vacuum pumping system over

time by monitoring a characteristic of said motor;
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means for activating a maintenance activity on said system when said cumulative
load exceeds a predetermined amount; and

an interface for allowing said maintenance detection unit to interface with said
control unit so that said determining means can monitor said characteristic.

The present invention also provides a processing system comprising a vacuum
pumping sub-system for evacuating gas from a chamber in the system, wherein

said vacuum pumping sub-system comprises:

at least one vacuum pumping mechanism; and

a motor for driving said at least one vacuum pumping mechanism; and wherein

sald pumping arrangement comprises:

means for determining a load on said vacuum pumping mechanism by monitoring
a characteristic of said motor; and

control means for controlling operation of at least one other sub-system in said
system in accordance with said determined load on said vacuum pumping mechanism.

The present invention also provides a control unit for a processing system
comprising a vacuum pumping sub-system for evacuating gas from a chamber in the
system, said vacuum pumping sub-system comprising:

a vacuum pumping mechanism; and

a motor for driving said vacuum pumping mechanism;

wherein said control unit compriscs:

means for determining a load on said vacuum pumping sub-system by monitoring
a characteristic of said motor;

means for controlling operation of at ieast one other sub-system in said system in

accordance with a determined load on said vacuum pumping sub-system.
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Other preferred and/or optional aspects of the invention are defined in the
accompanying claims.

In order that the present invention may be well understood, some embodiments
thereof, which are given by way of example only, will now be described with reference to
the accompanying drawings, in which:

Figure 1 is a schematic diagram of a vacuurmn pumping system;

Figure 2 is a schematic diagram of a second vacuum pumping system and a
processing system;

Figure 3 is a graph showing motor current over elapsed time for a motor of the
vacuum pumping system in Figure 2;

Figure 4 is a flow diagram of an ¢lectronic circuit for the vacuum pumping system
shown in Figure 2;

Figure 5 1s a graph showing motor current over elapsed time for the second motor
of the vacuum pumping system in Figure 2;

Figure 6 is a flow diagram of an electronic circuit for the vacuum pumping system
shown in Figures 2;

Figure 7 is schematic diagram of a third vacuum pumping system and a
maintenance detection unit;

Figure 8 is schematic diagram of a system comprising a vacuum pumping sub-
systemn and an abatcment sub-system;

Figure 9 is a schematic diagram of a processing system comprising a vacuum
pumping sub-system and an abatement system;

Figure 10 is a graph showing motor current over elapsed time for a motor of the

vacuum pumping sub-system in Figure 8 or Figure 9;
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Figure 11 is a flow diagram of an electronic circuit for the vacuum pumping sub-
system shown in Figures 8 or 9;

Figure 12 is a graph showing motor current over elapsed time for the second
motor of the vacuum pumping sub-system in Figure 9;

Figure 13 is a flow diagram of an electronic circuit for the vacuum pumping sub-
system shown in Figure 9; and

Figure 14 is a schematic diagram of a control unit for a system as shown in

Figures 8 to 13.

Referring to Figure 1, a vacuum pumping system 10 is shown which comprises: a
vacuum pumping mechanism 12 and a motor 14 for driving the vacuum pumping
mechanism. Means 16 are provided for determining a cumulative load on the vacuum
pumnping system over time by monitoring a characteristic of the motor over that time.
Means 18 are also provided for activating a maintenance activity on the system when the

cumulative load exceeds a predetermined amount.

Although other characteristics of the motor can be monitored within the scope of
the invention, the characteristic of motor 14 which is monitored in Figure ] is an
electrical power required by the motor to drive the vacuum pumping mechanism 12.
Since power equates to the product of clectrical potential and current, and the source of
electrical potential is generally constant, the determining means 16 can be configured to
monitor a current in the coils of the motor in order to determine the power.

In Figure 1, the cumulative load is equal to the total mass flow of fluid (gas or

vapour) pumped by the vacuum pumping mechanism 12 during its operation over a
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period of time. Accordingly, a condition of the vacuum pumping system 10 which
deteriorates in proportion to the mass flow of fluid pumped by the vacuum pumping
mechanism can be monitored and when it is deemed appropriate, a maintenance activity
can be triggered for restoring the condition of the system. In this way, a condition of the
system 10 can be restored when it requires restoration, and not at an arbitrary
predetermined moment in time, when the system may or may not require restoration, as is
the case with previous vacuum pumping systems. The Figure 1 arrangement also reduces
the possibility of a condition of the system deteriorating to a point at which serious
damage occurs, thus avoiding a requirement for expensive repair work or replacement of
some or all of the system,

The condition of oil scals, filters, bearings, quality of lubricant arc non-cxhaustive
exarnples of parts of 4 vacuum pumping system which deteriorate in proportion to the
mass flow of gas through the system.

The activating means 18 receives an output from the determining means 16
relating to the cumulative load on the system. The activating means 18 is configured so
that when the cumulative load exceeds a predetermined amount a maintenance activity is
triggered. The predetermined amount is selected in accordance with prior
experimentation. In this regard, a condition. of the system 10 and a cumulative load on
the system is monitored by experimental operation of the system and it is noted at what
cumulative load the condition of the system requires restoration. Experimentation under
various different operating parameters is preferable so that the system can be used in
connection with various different processing or scientific equipment. It will be
appreciated that different processing and scientific equipment involve the use of different

gases, materials, wafers etc which have various different affects on the condition of the
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vacuum pumping system. Accordingly, the determining means 16 and the activating
means can be configured in advance for use with any of a plurality of different apparatus.

Referring to Figure 2, a vacuum pumping system 20 is shown for a processing
system 22. The processing system 22 comprises a processing chamber 24 in which
wafers 26 can be processed on a stage 28 and a transfer chamber 30 through which
unprocessed wafers 26 can be transferred to the processing chamber 24 for processing.
Processed wafers 26 are transferred from the processing chamber 24 to the transfer
chamber 30. The processing chamber 24 is generally maintained at a processing pressure
over the course of a plurality of processing cycles during which time wafers are
transferred to and removed from the chamber, The transfer chamber 30 on the other hand
cycles betwecen a first pressure, which is typically atmosphere, and a processing pressure,
which may be several mTorr. Wafers 26 are introduced to the transfer chamber at the
first pressure. The pressure in the transfer chamber 30 is reduced to processing pressure
and then wafers 26 can be transferred to and from the processing chamber 24. The
pressure in the transfer chamber 30 is increased to atmosphere so that processed wafers
26 can be removed.

In this example, the transfer chamber 30 allows two functions to be performed,
namely to introduce wafers at atmosphere to the system and to transfer wafers at
processing pressure to a processing chamber. In another arrangement, a separate load
lock chamber may perform the first of the aforementioned functions and a separate
transfer chamber may perform the second of the aforementioned functions. The term
transfer chamber herein is intended to cover an arrangement as shown in Figure 2 or an

arrangement in which two separate chambers are provided.
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During processing, a processing gas, such as CF4, CyFs or Fy, is introduced to the
processing chamber 24 and evacuated from the chamber by a first vacuum pumping
mechanism 32. A first motor 34 drives the first vacuum pumping mechanism. A second
vacuum pumping mechanism 36 is driven by a second motor 38 for evacuating gas from
the transfer chamber 30.

"The gas load on the first vacuum pumping mechanism 32 is dependent on a mass
flow of processing gas which is introduced to the processing chamber 24 during a
processing step and the power of first motor 23 increases in proportion to the mass flow
of gas. Additionally, the mass flow of gas increases when a wafer is processed and
therefore fluctuations in the mass flow of gas over time can be used to determine a
number of wafcrs processed by the processing system 22,

The gas load on the second vacuum pumping mechanism 36 cycles between
relatively high load during pump down, or a pressure reduction step, of the transfer
chamber 30 to processing pressure and relatively low load when the mechanism 36 is not
pumping down the chamber. Since a relatively high load occurs once in a processing
cycle (i.e. shortly after unprocessed wafers are introduced to the transfer chamber), the
cycling of the load on the second vacuum pumping mechanism 36 is a measure of the
number of wafers which have been processed by the processing system 22.

Vacuum pumping system 20 comprises determining means 40 which determines a
cumulative load on the vacuum pumping system 20 over time by monitoring the
characteristic, or in this case the power, of the first motor and/or the second motor.
Accordingly, the determining means can determine the number of wafers processed by
the processing system either by monitoring a characteristic of the first motor or the

second motor. Both the number of wafers processed by the system 22 and the mass flow
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of gas through the system 20 are indicative of the condition of the vacaum pumping
system and can be used together or individually in order to determine its condition.

In more detail, in a first arrangement, the power of the first motor 34 is monitored
by the determining means 40 to determine the total mass flow of gas pumped by the first
vacuum pumping mechanism 32. In this case, activating means 42 triggers a maintenance
activity when the total mass flow of gas exceeds a predetermined total mass flow at which
it has been established by prior experimentation that a condition of the vacuum pumping
system requires restoration.

In a second arrangement, the power of the first motor 34 is monitored by the
determining means 40 to determine the number of wafers processed by system 22. In this
casc, activating means 42 triggers a maintenance activity when the number of wafers
exceeds 4 predetermined number of wafers at which it has been established by prior
experimentation that a condition of the vacuum pumping system requires restoration.

In a third arrangement, the power of the second motor 38 is monitored by the
determining means 40 to determine the number of wafers processed by system 22. In this
case, activating means 42 triggers a maintenance activity when the number of wafers
exceeds a predetermined number of wafers at which it has been established by prior
experimentation that a condition of the vacuum pumping system requires restoration.

Any of the first, second, or third arrangements can be adopted individually or
more than one of the arrangements can be used in order to provide a more robust
indication of the condition of the vacuum pumping system 20.

Figure 3 shows a graph of current (I;) over time (t) through the coils of a first
motor 34 shown in Figure 2. When wafers are processed, processing gas is introduced to

the processing chamber 24 and evacuated by vacuum pumping mechanism 32.
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Evacuation of processing gas increases the load on the mechanism 32 and therefore the
current in motor 34 increases. The cumulative load on the system is proportional to an
integral of the current with respect to time and accordingly the determining means 40
comprises integrating means for integrating the current with respect to time. If the
monitored characteristic is a characteristic other than the current, the determining means
40 comprises means for integrating that other characteristic with respect to time. As
shown in Figure 3 the shaded portion between the curve and the x-axis represents the
cumulative gas load on the system. Since deterioration of the system increases with
increased cumulative load, the activating means 42 is configured to trigger a maintenance
activity when the cumulative gas load exceeds a predetermined amount. Accordingly, a
condition of the system can be restored as and when it requircs maintcnance,

Figure 4 shows one example of the determining means and activation means as
described above. In Figure 4, the arrangement is suited for deriving a maintenance
requirement from load on pumping mechanism 32, which exhausts gas from processing
chamber 24,

As shown in Figure 3, the load and hence the current I, increases during
processing. The current in motor 34 can be detected directly monitoring the motor or
deriving the current from a frequency converter which drives the motor, Determining
means 40 comprises a clock circuit 41 and a processing circuit for receiving a time (t)
from the clock circuit and a motor current I,. The processing circuit calculates an
integral (f fldt) which corresponds to the cumulative load on the system (i.e. the sum of
the shaded areas shown in Figure 3). The activation means 42 comprises a memory 44
for storing a value ‘x> determined by experimentation which represents a value of | fldt

above which the system has deteriorated and requires maintenance, for instance an oil
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filter change. The activation means 42 comprises a comparator for comparing the real
time | fl,dt with ‘x> and outputting a signal SERVICE (e.g binary ‘1°) if | fldt is greater
than “x’ and NO SERVICE (e.g. binary ‘0”) if [ flndt is less than *x’. A display 45, or
other suitable means of alerting a maintenance activity, displays ALERT in response to a
SERVICE signal form the activation means.

Figure 5 shows a graph of current (I,) over time (¢) through the coiis of a second
motor 38 shown in Figure 2. When wafers are introduced to the transfer chamber 30, the
chamber is pumped down by vacuum pumping mechanism 36. Evacuation of gas from
the transfer chamber increases the load on the mechanism 36 and therefore the current in
motor 38 increases. The processing of each wafer causes deterioration of the vacuum
pumping systcm.

In this regard, a condition associated with the first vacuum pumping mechanism
32 deteriorates in accordance with a total mass flow of processing gas that is pumped.
The mass flow of gas pumped by the first vacuum pumping mechanism 32 during
processing of each wafer can be determined by experimentation. Also, a condition
associated with the second vacuum pumping mechanism 36 deteriorates in accordance
with a number of pump downs performed and the number of pump downs required for
each wafer or each batch of wafers can be determined by experimentation.

Referring to Figure 6, the determining means 40 comprises processing circuitry
for diffcrentiating current I, with respect to time t (dIn/dt). A detected current I and a
time (t) from a clock circuit 41 is input to the differentiating circuitry. A memory 44
stores a valug ‘y’ which corresponds to dI,,/dt when pumping mechanism 36 commences
pump down of the transfer/load lock chamber 30. “y’ is input to a comparator which

compares ‘y’ with dI/dt and outputs a YES signal when dI/dt is greater than ‘y’. The
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YES signal (e.g. a binary 1%} is outputted when a wafer or batch of wafers is loaded into
the transfer chamber.

The YES signal is input to a counter 47 which counts the number of wafers or
batches loaded into the system and outputs a “Wafer/Batch Count™ to a comparator 49.
Memory 44 stores a value “x’ which is equal to the number of wafers/batches above
which it is determined that a maintenance activity is required. Since each wafer or batch
of wafers is indicative of the mass flow processing gas flowing through the system and
therefore the deterioration of the system, wafer/batch count is an indicator of system
detioration. Comparator 49 compares Count with ‘x” and issues a SERVICE signal (e.g.
a binary ‘1) to a display when the Count is greater than ‘x°. The display displays an alert
for triggering a maintenance activity.

Referring to Figures 3 to 6, the determining means and the activating means can
be configured to initiate a maintenance activity according to both the number of wafers
and the total mass flow of gas. For instance, a maintenance activity can be triggered if
the total gas flow exceeds a predetermined amount but only if the number of wafers
processed also exceeds a predetermined amount. Alternatively, a maintenance activity
can be triggered if the number of wafers exceeds a predetermined amount but only if the
total mass flow of gas also exceeds a predetermined amount,

Referring again to Figure 1, the vacuum pumping system 10 comprises a user
interface 19 which can communicate a requirement for a mainicnance activity to a user.
The user interface preferably comprises a visual display unit. Alternatively, the interface
may comprise any means of alerting a user such as an audible signal or use of a pager. A
single interface can be associated with the vacuum pumping mechanism 12 and disposed

adjacent thereto. Alternatively, the interface can be disposed remotely from the vacuum
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pumping mechanism. Ifthe interface is disposed remotely, it can communicate with the
activating means over a wired or wireless network. The interface may be configured to
communicate with a plurality of activating means so that the interface can indicate a
requirement for a maintenance activity of a pumping system comprising a plurality of
pumping mechanism or pumps situated away from one another. For instance, the
interface can be configured to display a requirement for a maintenance activity of vacuum
pumps in many different locations, and accordingly maintenance personnel can be
dispatched at appropriate times to restore a condition of any one of the pumps.

The pumping mechanisms described hereinabove may form part of any one of a
turbomolecular pump, a booster pump or a backing pump. Alternatively, the pumping
mechanism of cach of a scries of pumps may be monitored. It is currently preferred that
the pumping mechanism of the booster pump is monitored.

Figure 7 shows a maintenance detection unit 46 for a vacuum pumping system 48.
The system comprises a vacuum pumping mechanism 50 and a motor 52 for driving the
vacuum pumping mechanism. The maintenance unit 46 comprises means 54 for
determining a cumulative load on the vacuum pumping system 48 over time by
monitoring a characteristic of the motor 52. The unit further comprises means 56 for
activating a maintenance activity on the system when the cumulative load exceeds a
predetermined amount. The determining means and activating means may be configured
as described above with reference to Figures 1 to 6. The maintenance detection unit 46
can be fitted to one or more existing pumping systems (i.e. retro-fitted) so that a
maintenance activity for restoring a condition of the systems can be triggered according

to a monitored characteristic of a motor of the systems.
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Typicaily, an existing pumping system may comprise a control unit fitted thereto
which is capable of determining or outputting a characteristic of a motor of the system.
In this case, the maintenance detection unit may comprise an interface (not shown) for
allowing the maintenance detection unit to interface with the control unit so that said
determining means can monitor said characteristic.

Referring to Figure 8, a system 60 is shown which comprises a vacuum pumping
sub-system 62 and a further sub-system 64. In Figure 8, the further vacuum pumping
sub-system is an abatement system 64 for treating gas exhausted from the vacuum
pumping sub-system.

In other embodiments of the invention, the further sub-system may comprise for
example a chiller for chilling a substratc in a processing chamber or a further vacuum
pumping sub-system for evacuating gas from a further chamber in the system. In this
latter regard, the first vacuum pumping sub-system may be connected for evacuating gas
from a load lock chamber and the second vacuum pumping sub-system may be connected
for evacuating gas from a processing chamber.

As shown in Figure 8, the vacuum pumping sub-system 62 comprises: a vacuum
pumping mechanism 66 and a motor 68 for driving the vacuum pumping mechanism.
"The pumping arrangement 60 comprises means 70 for determining a load on the vacuum
pumping mechanism 66 by monitoring a characteristic of the motor 68. A control means
72 controls the abatement system 64 in accordance with the determined load on the
vacuum pumping mechanism 66. The control means 72 may be configured to control
operation of other sub-systems as described above or more than one sub-system.

In the Figure 8 embodiment, the monitored characteristic is a power required by

the motor 68 to drive the vacuum pumping mechanism 66, since the power is in
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proportion to a load on the vacuum pumping mechanism. It is convenient to configure
the determining means 70 so that it can monitor a current in the motor 68 in order to
determine the power, as will be described in more detail below with reference to Figures
10 and 11,

The load in the example shown in figure 8 is the mass flow of fluid (gas or
vapour) pumped by the vacuum pumping mechanism 66. In this case, the determining
means 70 is configured to determine the mass flow of fluid being pumped by the vacuum
pumping mechanism 66 and to output to the control means 72 a signal representative of
the determined mass flow rate.

The control means 72 is configured to receive the signal from the determining
mcans 70 and to control the abatement system 64 in accordance with the mass flow ratc
of gas exhausted from the vacuum pumping system 62.

An abatement system is required to ireat exhaust gases if those gases are
hazardous or if exhaustion to atmosphere is undesirable or legally restricted. If the
vacuum pumping system evacuates gas from a silicon wafer processing system, the gases
exhausted may, for example, be CF4, CoFs or F2. Gases are treated in a number of
different ways and generally the treatment of gases consumes resources 74, such as
electrical power, water, oxygen, methane or other gases and chemicals. For instance,
exhausted gases may be burnt or cracked in a methane or oxygen flame. The resultant
cracked constituents can be dissolved in water to an acceptable concentration, typically or
around 3%. The consumption of resources increases expense and the removal of
fluorinated water increases expense in accordance with the quantity of such water to be

removed.,
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The abatement system 64 is operated at a capacity which is sufficient to treat the
mass flow of gas exhausted from the vacuum pumping system. Hereto, when the vacuum
pumping system evacuates gas associated with a given scientific or industrial process, an
expected mass flow is determined in advance for such a process and the abatement system
is operated at a capacity which is sufficient to treat a maximum expected mass flow of gas
which is expected to be generated during the process. The abatement system must be
activated for a period prior to commencement of a process and deactivated zfter a period
following termination of the process. The abatement system is operated over this time at
full capacity regardless of the amount of gas which is actually exhausted from the vacuum
pumping system, for instance if the mass flow of gas exhausted is at 70% of the expected
maximum or if during the process no gas is generated. Accordingly, the abatement
system must be activated and deactivated manually. Further, the abatement system
consumes resources atf an unnecessarily high rate during period when a process is
generated gases at less than an expected maximum mass flow rate.

Referring to Figure 8, the determining means 70 determines the mass flow rate
exhausted by the vacuum pumping system 62, The control means 72 is configured to
control the abatement system so that it operates in idle mode to reduce consumption of
resources by the abatement system if the determined mass flow rate is below a threshold
for a predetermined duration. The threshold is preferably zero or approaching zero and
the duration is preferably sct so that the abatement system is put in idle mode when it is
reasonably certain that processing has been terminated, Preferably, the abatement system
is placed into idle mode once it has been determined that at least twice the duration of a

processing cycle time has elapsed.
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In one arrangement, the control means 72 comprises a memory for storing
expected maximum mass flow rates of gas for a respective plurality of processes. The
control means is configured so that if the determined mass flow rate during a given
process is at maximum the abatement system is controlled to operate at 2 capacity which
is sufficient to treat the maximum mass flow rate of gas. The control means is further
configured so that if the determined mass flow rate of gas is at a percentage less than
100% of the maximum expected mass flow rate, the abatement system is operated at a
capacity which is reduced in proportion to the percentage reduction in the mass flow rate.
Accordingly, if for instance the mass flow rate of gas is 70% of the expected maximum,
the capacity of the abatement system is reduced to 70%.

In another arrangement, the control means is configured so that it opcrates the
abatement system at a capacity which is higher than that required to treat the determined
mass flow of gas by a safety margin. The safety margin may be 5% or 10% or any other
appropriate margin.

If the further sub-system is a chiller, the control means controls a quantity or
temperature of water or other coolant which is circulated, If the further sub-system is a
vacuum pumping sub-system, the control means controls operation of the sub-system.

Figure 9 shows a processing system 22. The processing system 22 is described in
detail above with reference to Figure 2. A pumping arrangement 80 comprises a first
vacuum pumping sub-system 91, a second vacuum pumping sub-system 90and abatement
sub-system 92. The first vacuum pumping sub-systemn 91 comprises 2 first vacuum
pumping mechanism 82 driven by a first motor for evacuating gas from the processing
chamber 24. The second vacuum pumping sub-system 90 comprises a second vacuum

pumping mechanism 86 driven by a second motor 88 for evacuating gas from the transfer
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chamber. Determining means 94 determines a load on the vacuum pumping sub-system
90 by monitoring a characteristic, such as power, of the first motor 84 or the second
motor 88.

Determining means 94 is configured in a similar way to the determining means 40
described above with reference to Figure 2. However, whereas determining means 40
determines a cumulative load on the vacuum pumping system 20 over time, determining
means 30 determines a real time load on the vacuum the pumping sub-system 90 and/or
sub-system 91.

Accordingly, the determining means can determine when a wafer is being
processed or about to be processed by the processing system either by monitoring a
characteristic of the first motor and/or the sccond motor. As the transfer chamber is
evacuated at the beginning of a wafer processing cycle, monitoring of the second motor
gives advance warning that a further sub-system may be required for use. For instance,
the initiation of pump down of a transfer chamber and subsequent transfer of wafers to a
processing stage 28 typically takes in the region of a minute depending on the process and
the arrangement of apparatus within the system. Accordingly, when the determining
means determines that the second pumping mechanism has commenced operation, the
control means 96 operates the abatement system so that it is ready to receive processing
gases when they are evacuated from the vacuum pumping sub-system 91. Similarly, in
another arrangement, control means may commence operation of a chiller for chilling the
stage 28 or commence operation of the sub-system 91 for evacuating gas from a
processing chamber.

In this way, the abatement system 92 can be activated for treating gas only when

gas is or is about to be exhausted from sub-system 91. The determining means can
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determine the real time mass flow of gas exhausted by the vacuum pumping system by
monitoring a characteristic of the motor 88. Therefore, the abatement system can be
controlled so that it is operated in idle mode or operative mode thereby conserving
resources until they are needed for abatement. Secondly, the determining means can
monitor motor 84 so that abatement sub-system 92 can be operated at a capacity which is
sufficient to treat the amount of gas being exhausted without unduly consuming excess
resources 74.

Figure 10, shows a graph of current (I,) over time (t) through the coils of a first
motor 84 shown in Figure 9. When wafers are processed, processing gas is introduced to
the processing chamber 24 and evacuated by vacuum pumping mechanism 82.
Evacuation of proccssing gas increases the load on the mechanism 82 and thercfore the
current in motor 34 increases. The load is proportional to the current and accordingly the
determining means 94 comprises current monitoring means for monitoring the current in
motor 84. If the monitored characteristic is a characteristic other than the current, the
determining means 40 comprises means for monitoring that other characteristic.

Control means 96 controls the abatement system in accordance with the monitored
current of the first motor 84 so it is capable of treating the gas exhausted from the vacuum
pumping systerm 90 but without wasting excess resources 74.

Figure 11 shows one example of the determining means 94 and control means 96
for controlling abatement sub-system 92 to operate at 100% capacity or 75% capacity.

As shown in Figure 10, a load on the motor 84 and hence the current in the motor
(Im) increases during processing. The determining means 94 comprises a detector for
detecting current in the motor. The detector may directly monitor motor current or may

instead be connected to a frequency converter of the motor. The detector outputs I, to
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control 96. The control 96 comprises a current comparator and 2 memory 97. Memory
97 stores a value *x” shown in Figure 10 which is determined by prior experimentation.
In this example, it is determined at a current I, (i.¢. load on vacuum sub-system 91)
above which the abatement system 92 should be operated at 100% capacity and below
which the abatement system should be operated at 75% capacity. The memory may store
a plurality of values which have been determined as references for operating the
abatement system over a range of capacities (e.g. from 0% to 100%). The current
comparator compares the actual current I, with ‘x” and outputs 2 control signal (e.g.
binary ‘1’ for YES and binary ‘0’ for NO) to the abatement system. If I, is greater than
‘%’ the output is binary ‘1’ and the abatement system is operated at 100% capacity. IfI,,
Is less than ‘x” the output is binary ‘0” and the abatement systcm is operated at 75%.
Figure 12 shows a graph of current (,,) over time (t) through the coils of a motor
88 shown in Figure 9. Accordingly, I, in Figure 12 comresponds to load on vacuum
pumping sub-system 90 which evacuated gas from a load lock/transfer chamber at the
beginning of a processing cycle. When wafers are introduced to the transfer chamber 30,
the chamber is pumped down by vacuum pumping mechanism 86. Evacuation of gas
from the transfer chamber increases the load on the mechanism 36 and therefore the
current in motor 38 increases. A processing step for processing wafers commences when
the transfer chamber 30 is pumped so it can be predicted therefore that processing gas
will be exhausted from the processing chamber at a time after pump down of the transfer
chamber 30. Accordingly, the determining means 94 comprises current monitoring
means for monitoring the current in the second motor 88 and the control means activates
the abatement system so that it is operable to treat gas when gas is exhausted from the

vacuum pumping system 90 when processing commences. If gas exhausted from the
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transfer chamber 30 also requires treatment by the abatement system 92, the control
means activates the abatement system when the monitored current in second motor 88
exceeds a threshold.

Figure 13 shows an example of the determing means 94 and control means 96 for
controlling abatement sub-system 92 to operate at idle or full capacity.

As shown in Figure 12, a load on the motor 88 and hence the current in the motor
(Im) increases when pump down of the transfer chamber commences. The determining
means 94 comprises a detector for detecting current in the motor. The detector may
directly monitor motor current or may instead be connected to a frequency converter of
the motor. The determining means 94 in this example comprises a clock circuit 95 and a
processor unit for calculating a rate of change of motor current (dI/dt). The control 96
comprises a comparator for comparing an input rate of change of current with a value ‘x’
input from memory 97. As shown in Figure 12, the rate of change of the current I,
occurs at ‘x’ when the vacuum sub-system 90 commences operation. The comparator
compares dl,/dt with “x’ and outputs a control signal (e.g. binary ‘1’ for FULL and
binary ‘0’ for IDLE) to the abatement system 92, If dl,,/dt is greater than ‘x’ the output is
binary ‘1’ and the abatement system is operated at full, or 100%, capacity. If dl,/dtis
less than ‘x’ the output is binary ‘0’ and the abatement system is operated at idle,

Figure 14 shows a control unit 100 which can be retro-fitted to a vacuum pumping
system 102 and is similar in operation to the systems described above with reference to
Figures 8 to 13. The system comprises a vacuum pumping sub-system 104 and an
abatement sub-system 106 for treating gas exhausted from the vacuum pumping sub-
system 104. The vacuum pumping sub-system comprises a vacuum pumping mechanism

108 and a motor 110 for driving the vacuum pumping mechanism 108. The control unit
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100 comprises means 112 for determining a [oad on the vacuum pumping sub-system 104
by monitoring a characteristic of the motor 110. The unit further comprises means 114
for controlling the abatement system 106 in accordance with the monitored load on the
vacuum pumping sub-system. The determining means 112 and control means 114 may
be configured as described above with reference to Figures 8 to 13. The control unit 100
can be fitted to one or more existing vacuum pumping arrangements so that the abatement
systems of such existing systems can be controlled to avoid wasting excessive resources
74 in accordance with a monitored characteristic of the motor 110,

The apparatus described in Figures 1 fo 7 allow cumulative load on a system to be
monitored and maintenance of the system to be carried out accordingly. The apparatus
described in Figures 8 to 14 allow load on a vacuum sub-system to be monitored and
other sub-systems to be controlled accordingly. The determining means and activation
means described in Figures 1 to 7 can be integral with the determining means and control
means, respectively, described in Figures 8 to 14. Integration in this way provides
apparatus for activating maintenance and controlling sub-systems in accordance with a

characteristic of the motor of a vacuum pump.
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The invention claimed is:

1. A vacuum pumping system for a processing system
comprising a processing chamber configured to process
wafers and a transfer chamber configured to accept wafers
being transferred to the processing chamber for processing
and being transferred from the processing chamber after pro-
cessing, the vacuum pumping system comprising:

a first motor;

a second motor;

a first vacuum pumping mechanism driven by the first

motor for evacuating gas from the processing chamber;
a second vacuum pumping mechanism driven by the sec-
ond motor for evacuating gas from the transfer chamber;

means for determining a cumulative load on the vacuum
pumping system over time by monitoring a characteris-
tic of the first motor or the second motor over the time;
and

means for activating a maintenance activity on the vacuum

pumping system when the cumulative load exceeds a
predetermined amount.

2. The vacuum pumping system of claim 1, wherein the
characteristic comprises a power required by the first motor to
drive the first vacuum pumping mechanism or a power
required by the second motor to drive the second vacuum
pumping mechanism.

3. The vacuum pumping system of claim 2, wherein the
means for determining monitors a current in the first motorin
order to determine the power required by the first motor or
monitors a current in the second motor in order to determine
the power required by the second motor.

4. The vacuum pumping system of claim 1, wherein the
cumulative load is equal to the total mass flow of fluid
pumped by the first vacuum pumping mechanism or the sec-
ond vacuum pumping mechanisnm during the time.



25

S. The vacuum pumping system of claim 4, wherein a
condition of the vacuum pumping system deteriorates in pro-
portion to the mass flow of fluid pumped by the first vacuum
pumping mechanism or the second vacuum pumping mecha-
nism, and wherein the predetermined amount is predeter-
mined such that when the cumulative load exceeds the pre-
determined amount the pumping system requires a
maintenance activity to be performed in order to restore the
condition.

6. The vacuum pumping system of claim 1, wherein the
means for determining monitors the characteristic of the sec-
ond motor over the time;

wherein during pump down the second vacuum pumping

mechanism reduces the pressure in the transfer chamber
from a first pressure at which wafers are introduced to
the transfer chamber to a second pressure at which
wafers are transferred from the transfer chamber to the
processing chamber for processing;

wherein the characteristic of the second motor increases
during pump down and decreases when the second
vacuum pumping mechanism is not reducing pressure in
the transfer chamber; and

wherein the cumulative load is a number of wafers pro-
cessed by the processing system and the means for deter-
mining means determines the cumulative load by count-
ing a number of increases in the characteristic of the
second motor.
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7. The vacuum pumping system of claim 1, wherein the
means for determining monitors the characteristic of the first

motor over the time;
wherein the first vacuum pumping mechanism introduces
processing gas to the processing chamber during a pro-
cessing step and evacuates processing gas from the pro-
cessing chamber;
wherein the characteristic of the first motor increases dur-
ing each processing step and decreases when the first
vacuum pumping mechanism is not evacuating gas from
the processing chamber; and

wherein the cumulative load is equal to the total mass flow

of processing gas pumped by the first vacuum pumping
mechanism over a plurality of processing steps and the
means for determining determines the cumulative load
by determining an amount by which the characteristic of
the first motor increases over time.

8. The vacuum pumping system of claim 7, wherein the
cumulative load is proportional to an integral of the charac-
teristic with respect to time and the means for determining
comprises integrating means for integrating the characteristic
with respect to time.

9. The vacuum pumping system of claim 6, wherein a
condition of the vacuum pumping system associated with at
least one of the first vacuum pumping mechanism and the
second vacuum pumping mechanism deteriorates in propor-
tion to a number of wafers processed by the processing sys-
tem; and

wherein the means for activating triggers the maintenance

activity for restoring the condition when the number of
wafers processed by the system exceeds a predeter-
mined amount.
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10. The vacuum pumping system of claim 7, wherein a
condition of the vacuum pumping system associated with at
least one of the first vacuum pumping mechanism and the
second vacuum pumping mechanism deteriorates in propor-
tion to a total mass flow of processing gas evacuated by the
first vacuum pumping means from the processing chamber;
and

wherein the means for activating triggers the maintenance

activity for improving the condition when the total mass
flow of processing gas exceeds a predetermined amount.

11. The vacuum pumping system of claim 9, wherein the
condition of the vacuum pumping system associated with the
at least one of the first vacuum pumping mechanism or the
second vacuum pumping mechanism deteriorates according
to the cumulative load as a function of a number of wafers
processed by the processing system and a total mass flow of
processing gas evacuated by the first vacuum pumping
mechanism from the processing chamber; and

wherein the means for activating triggers the maintenance

activity for improving the condition when the cumula-
tive load exceeds the predetermined amount.

12. The vacuum pumping system of claim 11, wherein the
means for determining determines the cumulative load as
function of the number of wafers adjusted by the total mass
flow of gas.

13. The vacuum pumping system of claim 1, further com-

prising:

a user interface disposed remotely from the first vacuum
pumping mechanism and the second vacuum pumping
mechanism, the system being arranged such that the
means for activating outputs a requirement for the main-
tenance activity at the user interface.
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14. The vacuum pumping system of claim 1, further com-
prising a booster pump, wherein the booster pump comprises
at least one of the first vacuum pumping mechanism and the
second vacuum pumping mechanism.
15. A maintenance detection unit for a vacuum pumping
system for a processing system comprising a processing
chamber configured to process wafers and a transfer chamber
configured to accept wafers being transferred to the process-
ing chamber for processing and being transferred from the
processing chamber after processing, the vacuum pumping
system comprising a first motor; a second motor; a first
vacuum pumping mechanism driven by the first motor for
evacuating gas from the processing chamber; and a second
vacuum pumping mechanism driven by the second motor for
evacuating gas from the transfer chamber; the maintenance
detection unit comprising:
means for determining a cumulative load on the vacuum
pumping system over time by monitoring a characteris-
tic of the first motor or the second motor over the time;

means for activating a maintenance activity on the vacuum
pumping system1 when the cumulative load exceeds a
predetermined amount; and

an interface for between the maintenance detection unit

and the vacuum pumping system control unit.

16. A processing system comprising:

a processing chamber configured for containing wafers
during processing;

a transfer chamber configured to accept wafers being trans-
ferred to the processing chamber for processing and
being transferred from the processing chamber after pro-
cessing;
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a vacuum pumping sub-system comprising:

a first motor;

a second motor;

a first vacuum pumping mechanism driven by the first
motor for evacuating gas from the processing cham-
ber;

a second vacuum pumping mechanism driven by the
second motor for evacuating gas from the transfer
chamber,

at least one other sub-system in addition to the vacuum

pumping sub-system;

means for determining a load on the vacuum pumping

sub-system by monitoring a characteristic of the first

motor or the second motor; and

control means for controlling operation of the at least one

other sub-system in accordance with the load on the

vacuum pumping sub-system.

17. The processing system of claum 16, wherein the char-
acteristic comprises a power required by the first motor to
drive the first vacuum pumping mechanism or a power
required by the second motor to drive the second vacuum
pumping mechanism, the power being in proportion to a load
on the first vacuum pumping mechanism or the second
vacuum pumping mechanism.

18. The processing system of claim 17, wherein the means
for determining monitors a current in the first motor in order
to determine the power required by the first motor or monitors
a current inn the second motor in order to determine the power
required by the second motor.
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19. The processing system of claim 16, wherein the load
comprises the mass flow of fluid pumped by the first vacuum
pumping mechanism or the second vacuum pumping mecha-
nisi.

20. The processing system of claim 19, wherein the means
for determining determines the mass flow of fluid being
pumped by the vacuum pumping mechanism or the second
vacuum pumping mechanism and outputs, to the control
means for controlling operation of the at least one other
sub-system, a signal representative of the mass flow rate.

21. The processing system of claim 20, wherein the control
means for controlling operation of the at least one other
sub-system controls operation of the at least one other sub-
system in accordance with the flow rate of fluid.

22. The processing system of claim 21, wherein the control
means for conirolling operation of the at least one other
sub-system controls the at least one other sub-system to oper-
ate 1n 1dle mode to reduce consumption of resources by the at
least one other sub-system when the mass flow rate of fluid is
below a threshold mass flow rate of fluid for a predetermined
duration.

23. The processing system of claim 16, wherein the control
means for controlling operation of the at least one other
sub-system activates operation of the at least one other sub-
system when the load increases above a threshold load.

24. The processing system ofclaim 16, wherein the transfer
chamber comprises a load lock chamber.

25. The processing system of claim 16, wherein the at least
one other sub-system comprises at least one of an abatement
system, a chiller, or a second vacuum pumping sub-systemna.
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26. The processing system of claim 16, wherein the means
for determining comprises a clock and differentiating cir-
cuitry and the control means comprises a comparator and a
memory.
27. A processing system comprising:
an abatement system;
a processing chamber;
a load lock chamber;
a vacuum pumping sub-system comprising:
a first vacuum pumping mechanism driven by a first
motor for evacuating gas from the processing cham-
ber; and
a second vacuum pumping mechanism driven by a sec-
ond motor for evacuating gas from the load lock
chamber, wherein in a pressure reduction step the
second vacuum pumping mechanism reduces the
pressure in the load lock chamber from a first pressure
at which wafers are introduced to the transfer cham-
ber to a second pressure at which wafers are trans-
ferred from the transfer chamber to the processing
chamber for processing;
determining means for determining a load on the vacuum
pumping sub-systems by monitoring a characteristic of
the second motor, wherein the characteristic of the sec-
ond motor increases during each pressure reduction step
and decreases when the second vacuum pumping
mechanism is not reducing pressure in the transfer
chamber; and
control means for activating the abatement system when
the characteristic increases above a threshold and caus-
ing the abatement system to adoptan idle mode when the
characteristic has decreased below the threshold for a

predetermined duration.
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28. The processing system of claim 27, wherein the first
vacuum pumping mechanism introduces processing gas to
the processing chamber during a processing step and evacu-
ates processing gas from the processing chamber.

29. A control unit for a processing system comprising a
processing chamber configured to process wafers, a transfer
chamber configured to accept wafers being transferred to the
processing chamber for processing and being transferred
from the processing chamber after processing, and a vacuum
pumping sub-system, wherein the vacuum bumping sub-sys-
tem comprises a first motor, a second motor, a first vacumm
pumping mechanism driven by the first motor for evacuating
gas from the processing chamber, a second vacuum pumping
mechanism driven by the second motor for evacuating gas
from the transfer chamber, the processing system further
comprising at least one other sub-system in addition to the
vacuum pumping sub-system, the control unit comprising;:

means for determining a cumulative load on the vacuum

pumping sub-system over time by monitoring a charac-
teristic of the first motor or the second motor over the
time; and

means for controlling operation of the at least one other

sub-system in accordance with the cumulative load on
the vacuum pumping sub-system.



