
APPARATUSAND METHOD FOR CONTROLLING TEMPERATURE IN A
CHUCK SYSTEM Related Applications This application
claims the benefit of U. S. Provisional Patent
Application number 60/658,452 filed on March 4, 2005
and U.S. Provisional Patent Application number
60/669,685 filed on April 8, 2005, the contents of
which are incorporated herein by reference in their
entirety. Background of the Invention Integrated
circuits are subjected to a series of test and
evaluation steps to ensure the highest quality. This
is particularly important to the semiconductor
industry, where it is important to screen defective
wafers before more expensive packaging steps are
applied. One important test step is to
temperature-screen the wafer. A thermal chuck is used
to provide precision temperature control during the
temperature-screening process. In a typical
configuration, the thermal chuck holds the wafer in a
stationary position while the wafer is subjected to
extreme temperature variations over predetermined
periods of time. For example, it is desired that the
wafer be exposed to a high temperature and abruptly
exposed to an extremely low temperature. Therefore, it
is important that the thermal chuck be configured to
support a temperature transition from a high thermal
chuck temperature to a low thermal chuck temperature,
also referred to as a set point temperature, or
vice-versa, from a low thermal chuck temperature to a
high thermal chuck temperature, in the shortest amount
of time possible. Typical conventional thermal chuck
systems control such temperature transitions by
applying a fixed gain via an amplifier to a chuck
heater (for increasing the chuck temperature) or to a
coolant circulation system (for decreasing the chuck
temperature). However, the fixed gain approach is not
feasible when abruptly transitioning from a very high
temperature, for example, a temperature above 200C, to
a desired lower temperature, for example, around 25C.
While conventional thermal chuck systems can include a
coolant circulation system to decrease the chuck
temperature, a severe undershoot, i.e., a drop below
the set point 



temperature, can occur due the sudden decrease in
temperature, particularly from hightemperatures,
thereby hindering temperature control accuracy and
increasing the time required to reach steady state at
the desired set point temperature. Summary of the
Invention To address the above limitations, a feature
of the present invention is to provide a temperature
control system and method for controlling temperature
in a thermal chuck which provides increased
temperature control accuracy and improved efficiency,
and reduces undershoot during a temperature cooling
operation. In accordance with an aspect of the
invention, there is provided a temperature controller
that manages a temperature transition in a thermal
chuck from either a high temperature to a low
temperature, or from a low temperature to a high
temperature. In addition, the temperature controller
can perform heating and cooling operations
concurrently to achieve the desired result of
minimizing undershoot. The temperature controller
manages a temperature transition by using time
proportional control. Specifically, the temperature
controller comprises a time proportional controller.
The time proportional controller includes a gain
scheduler and a duty cycle scheduler to determine
optimal proportions of air and fluid to be alternately
output to the thermal chuck during a predefined
period. The proportion of times during which fluid,
e.g. water, and air are provided to the chuck during
the predefined period or time interval is the fluid
duty cycle for the time interval. The gain scheduler
generates a proportion band and a transition gain at
the beginning of a temperature transition by
determining the difference between the actual
temperature of the chuck at the beginning of the
temperature transition, referred to as a measured
temperature, and a desired temperature, also referred
to as a set point temperature. The time proportional
controller controls a set of air and fluid valves
according to a duty cycle calculated from the
proportion band and the transition gain. As the
temperature decreases during the temperature
transition, the deviation between the measured
temperature and desired temperature, and thus the duty
cycle, will also decrease. The time proportional
controller will control the air and fluid valves such
that appropriate proportions of air and fluid are
provided to the chuck in each predefined period. When
the 



measured temperature is within a small predefined
temperature range, referred to as the deadband
temperature range, the gain scheduler will cease to
calculate a duty cycle, and a differentset of
calculations, and secondary control actions, will be
performed in order to achieve the desired effect of
minimizing undershoot. A feature of the present
invention is that the time proportional controller can
provide appropriate proportions of air and fluid
during the temperature transition, and perform a
controlled cooling operation and heating operation to
ensure that undershoot is minimized. Another feature
of the present invention is that the time proportional
controller forms a plurality of control regions from
the chuck temperature range. Each control region has
an associated control approach which may include a
gain scheduler that calculates a proportion band at
the beginning of a temperature transition that is
specific to the control region. In this manner, the
present invention addresses certain inherent
temperature behavior that occurs in the various
control regions. In accordance with an aspect of the
invention, there is provided a temperature control
system for a chuck comprising a first input for
receiving air from an air source, a second input for
receiving a fluid from a fluid source, and at least
one output for alternately transferring the air and
fluid in proportions to the chuck to control a surface
temperature of the chuck. The fluid can comprise water
and can be temperature-controlled. In an embodiment,
the temperature control system further comprises a
first temperature control system for controlling an
increase of the surface temperature and a second
temperature control system for controlling a decrease
of the surface temperature. The surface temperature
decrease is controlled by alternating the air and
fluid in the proportions during a predefined period.
The second temperature control system includes
low-temperature processes and controller processes for
managing temperature transitions among a plurality of
control regions. In accordance with another aspect of
the invention, there is provided a thermal chuck
system comprising a first input, a second input, at
least one output, a first temperature control system,
and a second temperature control system. The first
input receives air from an air source. The second
input receives a temperature-controlled fluid from a
fluid source. The at 



least one output alternately transfers the air and
fluid in proportions to a thermal chuck. The first
temperature control system controls an increase of a
surface temperature. The second temperature control
system controls a decrease of the surface temperature
by alternating the air and fluid in the proportions
during the predefined period. The second temperature
controlsystem includes low-temperature processes and
controller processes for managing temperature
transitions among a plurality of control regions. The
fluid can comprise water. In an embodiment, the
thermal chuck is a 200mm chuck. In another embodiment,
the thermal chuck is a 300mm thermal chuck. In an
embodiment, the thermal chuck system further comprises
a valve control box and a time proportional
controller. The valve control box comprises an air
valve for outputting the air and a fluid valve for
outputting the temperature-controlled fluid. The fluid
valve can be at least one of a high flow solenoid
valve and a low flow solenoid valve. The air valve and
the fluid valve outputs the air and fluid in an
alternating mode in response to the controller. The
valve control box can further include a base air valve
for providing a base cooling. In an embodiment, the
time proportional controller comprises an interface, a
control region processor, a controller process, and a
low-temperature process. The interface receives
measured temperature information from the thermal
chuck. The control region processor defines the
plurality of control regions and a plurality of
low-temperature regions. The controller process is in
each control region. The low-temperature process is in
each lowtemperature region. The control region
processor can define each control region and
low-temperature region by temperature boundaries. In
this manner, when a first temperature is in a first
control region of the plurality of control regions, a
first controller process of the first control region
adjusts the air and fluid proportions, and when the
first temperature is transitioned to a second
temperature in a second control region, a second
controller process of the second control region
adjusts the air and fluid proportions. The first
control region and the second control region can be
the same. Alternatively, the first control region and
the second control region can be different control
regions in the plurality of control regions. 



In an embodiment, a dead-band region in the second
control region provides an approximate temperature
region for the second temperature, and the second
controller process controls the dead-band region to
reduce an undershoot during the transition from the
first temperature to the second temperature. The
second controller process can reduce the undershoot by
alternating the first input of air and the second
input of fluid in proportions. Alternatively, the
second controller process can reduce the undershoot by
disabling the firstinput of air and the second input
of fluid. Temperature sensors can provide chuck
temperature measurements to the thermal chuck system.
In an embodiment, each controller process comprises a
gain scheduler that computes a proportion band during
the predefined period. The proportion band can
determine the proportions of air and fluid input to
the chuck during the predefined period. The proportion
band can be calculated in response to the chuck
temperature measurements. In accordance with another
aspect of the invention, there is provided a time
proportional controller for controlling a thermal
chuck. The controller comprises an interface, a
control region processor, a controller process, and a
low-temperature process. The interface receives a
measured chuck surface temperature from the thermal
chuck. The control region processor defines a
plurality of control regions and low temperature
regions. The controller process is in each control
region, and controls a transition between temperatures
of the control regions and low temperature regions,
and a low-temperature process for each low-temperature
region. In an embodiment, the controller process of
each control region comprises a gain scheduler for
computing a proportion band in each of the plurality
of control regions. The proportion band can determine
a proportion of air and fluid inputs to the thermal
chuck during a predefined period. The controller
process of each control region further comprises a
deadband mode for determining a dead-band temperature
range in each control region, and for reducing an
undershoot formed during the temperature transition.
Each control region and low temperature region can be
separated by temperature boundaries. The controller
can minimize an undershoot by disabling the proportion
of air and fluid inputs during the predefined period
when a measured temperature in the dead-band
temperature range. 



In another embodiment, the controller controls a
heater for transitioning the measured temperature to a
desired temperature when the measured temperature is
lower than the desired temperature. In an embodiment,
the controller controls a plurality of valves for
transitioning the measured temperature to a desired
temperature when the measured temperature is higher
than the desired temperature. In accordance with
another aspect of the invention, there is provided a
method for controlling a chuck temperature. In the
method, air is received from an air source, and fluid
isreceived from a fluid source. The air and fluid is
alternately transferred in proportions to the chuck. A
temperature of the fluid can be controlled. In an
embodiment, an increase of a surface temperature of
the chuck is controlled, and a decrease of the surface
temperature is controlled by alternating the air and
fluid in the proportions during a predefined period.
Temperature transitions can be managed among a
plurality of control regions. In accordance with
another aspect of the invention, there is provided a
method for controlling a temperature of a chuck
comprising. In the method, air is received from an air
source, and a temperature-controlled fluid is received
from a fluid source. Air and fluid is alternately
transferred in proportions to the chuck. An increase
of the chuck temperature is controlled. A decrease of
the chuck temperature is controlled by alternating the
air and fluid in the proportions during a predefined
period. Temperature transitions among a plurality of
control regions are managed. The air and fluid can be
outputted in an alternating mode in response to a time
proportional controller. Measured temperature
information can be received from the chuck. The
plurality of control regions and low-temperature
regions can be defined by temperature boundaries. In
an embodiment, air and fluid proportions in a first
control region of the plurality of control regions is
adjusted when a first temperature is in the first
control region, wherein when the first temperature is
transitioned to a second temperature in a second
control region, air and fluid proportions in the
second control region are adjusted. 



The first control region and the second control region
can be the same. Alternatively, the first control
region and the second control region can be different
control regions in the plurality of control regions.
In an embodiment, an approximate temperature region is
provided as a dead-band region in the second control
region for the second temperature, and the dead-band
region is controlled to reduce an undershoot during
the transition from the first temperature to the
second temperature. The undershoot can be reduced by
alternating the first input of air and the second
input of fluid in proportions. Alternatively, the
undershoot can be reduced by disabling the first input
of air and the second input of fluid.A proportion band
can be computed during the predefined period, the
proportion band determining the proportions of air and
fluid input to the chuck during the predefined period,
the proportion band being calculated in response to
the chuck temperature measurements. In accordance with
another aspect of the invention, there is provided a
method for controlling a chuck temperature. In the
method, a measured chuck surface temperature is
received from a thermal chuck. A plurality of control
regions is defined, each control region having a
controller process, and low temperature regions, each
low temperature region having a low-temperature
process. A transition between temperatures of the
control regions and lowtemperature regions is
controlled. The transition between temperatures can be
controlled by computing a proportion band in each
control region, the proportion band determining a
proportion of air and fluid inputs to the thepnal
chuck during a predefined period, and determining a
dead-band temperature range in each control region,
and reducing an undershoot formed during the
temperature transition. Each control region and low
temperature region can be separated by temperature
boundaries. An undershoot can be minimized by
disabling the proportion of air and fluid inputs
during the predefined period when a measured
temperature is in the dead-band temperature range. In
an embodiment, a heater is controlled for
transitioning the measured temperature to a desired
temperature when the measured temperature is lower
than the desired temperature. In an embodiment, a
plurality of valves is controlled for transitioning
the measured temperature to the desired temperature
when the measured temperature is higher than the 



desired temperature. Brief Description of the Drawings
The foregoing and other objects, features and
advantages of the invention will be apparent from the
more particular description of preferred aspects of
the invention, as illustrated in the accompanying
drawings in which like reference characters refer to
the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis
instead being placed upon illustrating the principles
of the invention. FIG. 1 contains a schematic block
diagram of a thermal chuck system according to an
embodiment the present invention.FIG. 2 contains a
schematic block diagram of the valve control box shown
in FIG. 1 according to an embodiment of the present
invention. FIG. 3 contains a schematic block diagram
of a temperature controller shown in FIG. 1 according
to an embodiment of the present invention. FIG. 4
contains a graph illustrating the temperature
controller shown in FIG. 3 performing a series of
control actions comprising alternating air and fluid
in a predefined period according to the present
invention. FIG. 5 contains a graph of undershoot at
various temperatures in a thermal chuck without the
gain scheduling of the present invention. FIG. 6
contains a graph illustrating temperature undershoot
in response to a gain scheduler, duty cycle scheduler,
and dead-band mode according to the present invention.
FIG. 7A contains a graph illustrating undershoot
resulting from multiple temperature transitions during
a cooling operation in a thermal chuck without the
temperature control approach of the invention. FIG. 7B
contains a graph illustrating undershoots resulting
from multiple temperature transitions during a cooling
operation using the temperature control approach
according to the present invention. FIG. 8 contains a
state diagram illustrating temperature transition
results occurring in a plurality of control regions
according to the present invention. Detailed
Description of Preferred Embodiments of the Invention 



FIG. 1 contains a schematic block diagram of a thermal
chuck system 100 using the temperature control
approach according to an embodiment of the present
invention. The thermal chuck system 100 includes a
thermal chuck 10, a valve control box 20, a
temperature controller 30, and a fluid source 40. The
fluid source 40 may be an off-the-shelf water chiller,
for example, a Neslab M-75(tm) water chiller. The
chuck 10 many be mounted on a host machine, such as a
wafer prober machine, which provides electrical test
signals to circuits formed in the wafer and detects
the circuits' responses to these test stimulus
signals. Because the chuck 10 controls temperature of
the wafer, this circuit prober testing can be
performed over temperature to characterize performance
of the circuits and/or the wafer over temperature.The
present invention is directed to and is applicable to
temperature-controlled or thermal semiconductor wafer
chucks of the type described in, for example, U.S.
Patent No. 6,700,099, issued March 2, 2004, entitled
"Wafer Chuck Having Thermal Plate With Interleaved
Heating and Cooling Elements, Interchangeable Top
Surface Assemblies and Hard Coated Layer Surfaces,"
assigned to Temptronic Corporation, and incorporated
herein in its entirety by reference. The thermal chuck
10 holds a semiconductor wafer in place during
processing and provides a controlled temperature to
the wafer under test. The thermal chuck 10 can be, for
example, a chuck for supporting semiconductor wafers
such as 300mm wafers and 200mm wafers. The thermal
chuck 10 includes a heater 11 that includes one or
more resistive heating elements to provide heat to the
thermal chuck 10. The heating elements of the thermal
chuck 10 are powered by a heater power supply 301
(FIG. 3) of the temperature controller 30 which
provides power to the heating elements via conductors
12 between the temperature controller 30 and the
thermal chuck 10. The thermal chuck 10 further
includes a cooling element 13 that receives a
temperature-controlled fluid such as water from the
valve control box 20 via fluid lines 2 1 and 22 and
circulates the fluid through the thermal chuck 10. As
described below, a high flow solenoid valve 204 and a
low flow solenoid valve 205 of the valve control box
20 (FIG. 2) control the flow of fluid to the thermal
chuck 10. A fluid path 21, 22 connects the thermal 



chuck 10 to the valve control box 20, whereby the
fluid can conduct heat to and from the thermal chuck
10 via the fluid path 21, 22 during the temperature
control operation. When the fluid is removing heat
from, i.e., cooling, the chuck 10, the valve control
box 20 receives the heated fluid on line 22, and the
heated fluid is returned to the fluid source 40 on
line 23. The temperature controlled fluid is received
by the valve control box 20 from the fluid source or
chiller 40 via line 24. The valve control box 20
routes the fluid at a controlled flow rate to the
chuck 10 via line 2 1. The air/fluid path 2 1 connects
the thermal chuck 10 to the valve control box 20,
whereby air and fluid are provided to the thermal
chuck 10 from the valve control box 20 via at least
one air/fluid path 2 1 . The air and fluid are
alternately transferred to the thermal chuck 10.
During a predefined period, air is inputted to the
thermal chuck 10 via the air/fluid path 2 1 for a
proportion of the predefined period, and the fluid is
inputted to the thermal chuck 10 via the air/fluid
path 2 1 for the remaining proportion of thepredefned
period. The proportion of fluid to air provided to the
chuck during the predefined period is calculated as
part of the control approach of the invention to
provide fast, accurate, and precisely controlled
temperature transitions. Temperature measurement
sensors (not shown) located in the thermal chuck 10
collect measured temperature data at various locations
in the thermal chuck 10, and provide temperature
feedback by generating and forwarding an RTD measure
signal to the temperature controller 30 via electrical
signal line 15. Another signal line 14 is connected to
an over-temperature safety processor in the
temperature controller 30. When the chuck temperature
exceeds the maximum permitted temperature of the
thermal chuck 10, an over temperature sensor (not
shown) in the thermal chuck 10 sends a signal to an
over temperature safety controller 303 in the
temperature controller 30 (FIG. 3). The over
temperature safety controller 303 is connected to a
safety relay 330 in the temperature controller 30,
whereby a relay in the heater power supply lines is
open to prevent a heater power supply 301 of the
temperature controller 30 from applying further power
to the heating elements 11. This feature is
illustrated in detail in FIG. 3. FIG. 2 is a schematic
block diagram of the valve control box 20 according to
an embodiment of the invention. The valve control box
20 includes inputs that receive air from 



an air source (FIG. 1), for example, a facility air
source (not shown), and temperaturecontrolled fluid
from the fluid source 40. The temperature-controlled
fluid may be water or a cooling fluid or a combination
of water and a cooling fluid. The temperature of the
fluid is adjusted by the fluid source 40 based on
control signals received from the temperature
controller 30. When the fluid is output from the valve
control box 20 to the thermal chuck 10, the fluid is
circulated in the thermal chuck 10, whereby the
circulated fluid carries heat away from or carries
heat to the thermal chuck 10 via the fluid path 21,
22. In this manner, a wafer in the thermal chuck 10
may be exposed to very high temperatures by the heater
11, for example, up to 300 C for chucks supporting
300mm wafers, or up to 400 C for a chuck supporting
200mm wafers, and the wafer may be cooled to very low
temperatures, for example, 5 C, by the circulating
fluid. The valve control box 20 includes a pressure
regulator 201 for receiving air from the air source.
The pressure regulator 201 can be, for example, a 20
psi regulator. The air can bereceived, for example, at
45 psi. The air is provided by the regulator 201 to a
check valve 202, which in turn outputs the regulated
air to an air solenoid valve 203. The valve control
box 20 comprises four solenoid valves that are used to
route the fluid and the air through the thermal chuck
system. These solenoid valves include the air solenoid
valve 203, a high flow solenoid valve 204, a low flow
solenoid valve 205, and a base cooling solenoid valve
208. The air solenoid valve 203 provides air to the
chuck 10, and the high flow solenoid valve 204 and low
flow solenoid valve 205 supply fluid to the chuck 10.
The air check valve 202 receives air from the pressure
regulator 201 and outputs the air to the air solenoid
valve 203. The check valve 202 serves as a safety
feature by preventing fluid from the high flow
solenoid valve 204 or low flow solenoid valve 205 from
reaching the pressure regulator 201. The air solenoid
valve 203 includes a control input for receiving
control signals from the temperature controller 30 to
control opening and closing of the valve 203. In this
manner, air from the air solenoid valve 203 is output
to the thermal chuck 10 via an air/fluid path 25 of
the valve control box 20, which in turn is supplied to
the thermal chuck via the air/fluid path 2 1 of the
thermal chuck. The low flow solenoid 205 receives
temperature-controlled fluid from a low flow 



orifice 206, which in turn receives the
temperature-controlled fluid from a high flow orifice
207. hi one embodiment, the low-flow orifice 206
controls the flow rate of the fluid to 150 ml/min, and
the high flow orifice 207 controls the flow rate of
the fluid to 600 ml/min. The high flow orifice 207
receives the temperature-controlled fluid from an
outflow path 24 provided between the fluid source 40
and the high flow orifice 207 of the valve control box
20. The high flow solenoid valve 204 can also receive
the temperature-controlled fluid from the high flow
orifice 207. In this manner, the high flow solenoid
valve 204 or the low flow solenoid valve 205 may
provide a high flow of fluid or a low flow of fluid to
the thermal chuck 10, in response to the states of the
solenoid control signals from the temperature
controller 30, which are determined based on a set of
conditions processed by the temperature controller 30.
Details of the processing by the temperature
controller 30 are described below. The base cooling
solenoid valve 208 enables and disables an air-cooling
connection to base between the thermal chuck 10 and
the host machine, e.g., wafer prober. In one
embodiment, the temperature controller 30 enables the
base cooling solenoid valve 208,whereby the base
cooling solenoid valve 208 is in an "ON" state if the
chuck temperature exceeds a temperature boundary of
the thermal chuck temperature region, for example 60C.
The base cooling solenoid valve 208 applies air to the
base under the thermal chuck 10 to prevent or reduce
potentially damaging heat flow between the chuck and
the host machine. The valve control box 20 further
comprises a fluid level switch 209. The fluid level
switch 209 detects the level of the temperature
control fluid and provides an indication when the
fluid is below a threshold level to indicate that
fluid must be added to fluid reservoirs. The fluid
level switch 209 can also indicate the absence of
fluid as an interlock to prevent system operation
without fluid. The valve control box 20 further
comprises an air present switch 210. The air present
switch 210 is used as a safety feature. For example,
if pressurized air is present in the thermal chuck,
the air present switch 210 is closed. If the air
present switch 210 is open, the system enters a
failure mode, whereby the air solenoid valve 203, high
flow solenoid valve 204, and low flow solenoid valve
205 are in an "OFF" state, thereby preventing the
valve control box 



20 from operating. The air may be absent, for example,
if the facility air source is not connected to the air
input of the valve control box 20. A check valve 2
11receives fluid that has been circulated through the
thermal chuck 10 and routes it back to the fluid
source 40. The fluid is output from the thermal chuck
10 to the valve control box 20 via the fluid path 22.
In particular, the check valve 211 receives the heated
fluid via the fluid path 22 and outputs the fluid
leaving the chuck 10, such that the fluid does not
flow back to the chuck. The temperature controller 30
communicates with the fluid source 40 using a serial
communications protocol, for example the RS-485
protocol. The valve controller 20 includes a serial
communications converter 221 that converts a 4-wire
RS-485 connection 220 from the temperature controller
30 to a 2-wire RS-485 connection 222 to the fluid
source 40. FIG. 3 contains a schematic block diagram
of the temperature controller 30 according to an
embodiment the present invention. The temperature
controller 30 controls the temperature operations of
the thermal chuck system, in particular the
temperature heating and cooling operations of the
thermal chuck. The temperature controller 30 comprises
the heater power supply 301, control logic 302, over
temperature safety controller 303, display 304, and
keyboard 305.The heater power supply 301 provides
power to the chuck heater 11 of the thermal chuck 10
by generating power signals via conductors 12 required
to operate the chuck heater 11. Each chuck heating
element of the heater 11 may be driven by its own
power signal received from the heater power supply
301. The heater power supply 301 is controlled by a
power command signal received from the control logic
302 by way of an electrical connection 310 between the
heater power supply 301 and the control logic 302. The
control logic 302 generates a plurality of control
signals used to control the operation of the thermal
chuck system 100. Control can be initiated by a remote
operator via an IEEE-488 or RS-232 interface of the
control logic, or by a local operator via the display
304 and keyboard 305 attached to the temperature
controller 30. The control logic comprises a first
processor 341, second processor 342, and third
processor 343. The first processor 341 performs
control functions related to the user-interface 



operations, allowing users to manage the thermal chuck
system from the display 304 and keyboard 305, or
remotely via a remote interface, for example, the
IEEE-488 or RS-232 interface. The second processor 342
generates control signals related to the heating
operation performed by the heater 11 of the thermal
chuck system. The third processor 343 generates
control signals related to the temperature control
operations of the thermal chuck system using the
temperature-controlled fluid. The user-interface
operation, temperature heating operation, and
temperature cooling operation are described below. All
three operations may be performed on the separate
processors 341, 342, 343 or on a single processor. As
mentioned above, an operation executed by the second
control processor 342 of control logic 302 generates
the power command signal via a command signal line 310
and is used by the heater power supply 301 during a
temperature transition from a low temperature to a
high temperature, i.e., a chuck heating operation.
Referring to FIGs. 2 and 3, the control logic 302
generates a plurality of control signals via control
signal lines 321, 322, 323, and 326, wherein the
control signals are required to operate the valve
control box 20. Specifically, the control logic 302
provides several control signals via connections to
the valve control box 20 to control the relevant
valves of the valve control box 20. In addition, the
control logic 302 receives an air present signal via a
control signal line 324 from the air present switch
210 of the valve control box. In addition, the control
logic 302 receives a fluid low signal 325 indicating
the fluid level islow. The control logic 302 also
communicates with the fluid source 40 via the RS-485
interface. When a fluid low condition occurs, the air
solenoid valve 203, low flow solenoid valve 205, and
high flow solenoid valve 204 are commanded to an "OFF"
state via control signal lines 321, 322, and 323.
Referring to FIGs. 2 and 3, an air valve control
signal is generated by the control logic 302 and
applied to the air solenoid valve 203 via control
signal line 321 to control the air solenoid valve 203.
For example, the air valve control signal can enable
or disable the air solenoid valve 203. A high flow
valve signal is generated by the control logic 302 and
applied to the high flow solenoid valve via control
signal line 322 to control the high flow solenoid
valve 204. For example, the high flow valve control
signal can enable or disable the 



high flow solenoid valve 204. A low flow valve signal
is generated by the control logic 302 and applied to
the low flow solenoid valve 205 via control signal
line 323 to control the low flow solenoid valve 205.
For example, the high flow valve control signal 323
can enable or disable the low flow solenoid valve 205.
In addition, a base cooling valve signal is generated
by the control logic 302 and applied to the base
cooling solenoid valve 206 via control signal line 326
to control the base cooling solenoid valve 206. The
temperature controller 30 includes an over temperature
safety controller 303 connected via a signal line 14
to an over-temperature sensor in the thermal chuck 10.
When the chuck temperature exceeds the maximum
permitted temperature of the thermal chuck 10, a
sensor in the thermal chuck sends a Resistance
Temperature Detector (RTD) safety signal via signal
line 14 to the over temperature safety controller 303.
The over temperature safety controller 303 is
connected to a safety relay 330 in the temperature
controller 30 to open the relay 330 to prevent the
heater power supply 301 from applying further power to
the heater 11. The temperature controller 30 includes
a logic power supply 306 that provides power to the
control logic 302 and over temperature safety
controller 303. The temperature controller 30 further
comprises a remote interface for receiving temperature
parameters and system data from an external or remote
user. The remote interface conforms to international
I/O standards, for example, the RS-232 or IEEE-488
interface protocol. The remote interface can be
connected to a remote terminal or personal computer by
which a user can control the system.Hence, a local
operator can use the local display 304 and keyboard
305 to control the operation of the thermal chuck
system, or a remote operator can remotely control the
operation of the thermal chuck system. The control
logic 302 presents a password-protected menu structure
to either the display 304 or the remote console or
computer that permits the operator to define required
temperature parameters of the thermal chuck system.
These parameters include, but are not limited to,
relevant temperature ranges, chilled water
temperature, a fixed gain coefficient, a low fluid
timer, chuck purge time, and base purge temperatures.
The above values can be configured through the local
display 304 or from a 



remote console (not shown) attached to the IEEE-488 or
RS-232 interface. The operation of the temperature
controller 30 of the invention will now be further
described in detail. As described above, the control
logic 302 of the temperature controller 30 receives
electrical input signals from various system
components of the thermal chuck system and transmits
control signals to the system components as necessary
to perform the required temperature control functions
of the temperature controller 30. Specifically, the
control logic 302 generates and forwards control
signals to the valve control box 20 via conductors 19
such that appropriate combinations of air and
temperature-controlled fluid can be applied to perform
temperature control, including temperature
transitions, in accordance with the invention. The
fluid can be water or other aqueous fluid and may
include an anti freeze to permit low-temperature
operation. The temperature of the fluid is controlled
by the fluid source 40 in conjunction with the
temperature controller 30. The fluid flows through the
thermal chuck system 100 at a high rate via the high
flow solenoid valve 204 of the valve control box 20,
or the fluid flows at a low rate via the low flow
solenoid valve 205 of the valve control box 20. In
this manner, the temperature control actions provided
by the control logic 302 are optimized by controlling
the temperature of the fluid circulating through the
thermal chuck 10. Temperature sensors located in the
thermal chuck 10 collect measured temperature data at
various locations in the thermal chuck, and provide
temperature feedback to the control logic 302 of the
temperature controller 30. The temperature controller
30 uses time proportional control to perform a
temperature cooling control function. Specifically,
the control logic 302 uses a time proportional
controller (not shown) to determine the optimal
proportions of air and fluid to the thermalchuck 10
during each period of a temperature transition, and to
control the flow of air and fluid to the thermal chuck
10 to enable and disable the air solenoid valve 203,
high flow solenoid valve 204, and low flow solenoid
valve 205 accordingly. The time proportional
controller includes a gain scheduler that computes a
proportion band from a measured chuck temperature at
the start of the temperature transition. The
proportion band is determined by a fixed gain value,
the initial measured temperature, and the 



chuck temperature range. The fixed gain value is based
on certain behavior that the fluid may exhibit in the
chuck at the temperature region of the initial
measured temperature. For example, at temperatures
above boiling point, when water is converted to steam,
higher levels of heat may be removed from the chuck at
a given point in time than at temperatures under the
boiling point due to the larger amount of heat removed
in the boiling of the water. The fixed gain constant
in each case will therefore be different. The gain
scheduler also computes a fixed transition gain
constant from the proportion band that is used to
calculate a duty cycle for each period, or interval,
in the temperature transition. The duty cycle, also
referred to as a modulated fluid, i.e., water, pulse
width or control effort, is calculated by a duty cycle
scheduler, which determines the difference between the
measured chuck temperature and a desired temperature,
or set point temperature, in each predefined period
during the temperature transition. This difference is
referred to as an error coefficient. The duty cycle is
determined by multiplying the error coefficient and
the transition gain in each predefined period. When a
temperature transition is initiated, the gain
scheduler computes the proportion band and transition
gain for the time proportional controller. The
proportion band and transition gain are held constant
throughout the temperature transition. The error
coefficient calculated in the first period of the
temperature transition has the highest deviation.
However, as the measured temperature is reduced in
response to control actions of the temperature
controller, the temperature decrease in each
subsequent predefined period results in a decrease in
the error coefficient. A new duty cycle is calculated
from the error coefficient in each subsequent
predefined period. The duty cycle is used by the
temperature controller 30 to determine the appropriate
proportions of air and fluid to be applied to the
chuck 10 in each period. In response to the duty
cycle, the time proportionalcontroller controls the
solenoid valves 203, 204, 205 such that appropriate
proportions of air and fluid are alternately applied
to the thermal chuck 10. As mentioned above, a new
duty cycle is calculated for each predefined period of
the temperature transition. In one embodiment, the
period or interval is generally configured at 4 



seconds. During each 4-second interval, a duty cycle
is calculated to determine the portion of time during
the interval during which fluid is introduced into the
chuck 10 from the value control box 20. Air is
provided to the chuck 10 during the remaining portion
of the 4-second interval. Hence, in general, fluid and
air are alternately provided to the chuck 10 over the
air/fluid path 21, 22, with the duty cycle being
calculated by the control approach of the invention.
Hence, the duty cycle is used by the time proportional
controller to control the time proportion of water to
air during each 4-second temperature control interval.
Hence, the invention provides a pulse-width modulation
approach to controlling the amount of fluid and air
provided to the chuck. It should be noted that, even
though the proportion or duty cycle is calculated
based on the difference between actual chuck
temperature and desired temperature, the calculated
fluid duty cycle or proportion may be 100%, resulting
in a continuous, uninterrupted flow of fluid to the
chuck. If the duty cycle is 100%, then in this example
the air solenoid valve 203 remains closed such that no
air is output to the chuck 10, and the high flow fluid
valve 204 remains open to provide 100% fluid flow to
the chuck 10 for the period. Specifically, in this
control action, the high flow solenoid valve 204 is in
an "ON" state for 100% of the predefined period.
During the same period, the air solenoid valve 203 is
in an "OFF" state. The measured temperature will
therefore decrease. It should also be noted that the
duty cycle can be calculated to be greater than 100%.
If a duty cycle is calculated to be greater than 100%,
then the duty cycle scheduler will generate a result
of 100%, whereby a resulting control action enables
the high flow solenoid valve 204 such that solenoid
valve is in an "ON" state for 100% of the predefined
period, and the air solenoid valve 203 is in an "OFF"
state. Subsequently, in the next period, the duty
cycle may be reduced, such that a smaller time
proportion of fluid is output. In this case, the high
flow fluid valve 204 will be open for some time less
than the full 4 second interval, and the air solenoid
valve 203 will be open for some time during the
interval to allow air to flow to the chuck 10.In
general, a duty cycle is calculated by the duty cycle
scheduler every predefined period. Therefore, as the
measured temperature approaches the desired
temperature, the duty 



cycle will gradually be reduced. The temperature
controller 30 will control the air solenoid valve 203
and the high flow solenoid valve 204 accordingly such
that the proportion of water to air continues to
decrease as the measured temperature approaches the
desired temperature. FIG. 4 contains a graph
illustrating the temperature controller 30 performing
a series of control actions comprising alternating air
and fluid in a series of predefined periods or time
intervals according to the present invention. In FIG.
4, a duty cycle calculation is performed during each 4
second period of the temperature. FIG. 4 is not drawn
to scale, in particular with regard to the illustrated
duty cycles. Instead, emphasis is placed upon
illustrating the principles of the invention. The
fluid time proportions shown in the figure are for
illustrative purposes only. FIG. 4 illustrates a
temperature transition from a high temperature to a
low temperature. When the measured temperature is much
higher than the desired temperature, the fluid
proportion will be relatively high. For example, in
FIG. 4, the initial 4-second period illustrates that
the high flow solenoid valve 204 outputs water during
80% of the period. This is referred to as an 80% duty
cycle or proportion or control effort. During the
temperature transition in the example of FIG. 4, the
duty cycle decreases in each period until the high
flow solenoid valve 204 outputs fluid for 50% of the
period. In each period, air is output by the air
solenoid valve 203. For example, in the first period
of FIG. 4, the air solenoid valve 203 outputs air to
the chuck for 20% of the period. The duty cycle
scheduler calculates the duty cycle until the measured
temperature enters a dead-band temperature region. At
this point, the time proportional controller performs
different calculations, referred to as a dead-band
mode, and a secondary control action, in particular
with regard to the combination of valve outputs. The
applied secondary control action depends on the
temperature range, and is described below. While the
gain scheduling, duty cycle scheduling, and dead-band
mode functions result in a controlled temperature
transition, undershoot can still occur, whereby the
measured temperature is reduced until it is less than
the desired set point temperature. A key feature of
the present invention is that when undershoot occurs,
the temperature controller 30 can 



quickly stabilize the measured temperature until
steady-state. This is achieved by performinga cooling
operation and a heating operation concurrently, both
operations under the control of the temperature
controller 30. Thus, the cooling operation of the
present invention is controlled by the time
proportional controller to reduce the measured
temperature until it enters the dead-band temperature
range. At this point, the time proportional controller
enters a dead-band mode, whereby a different control
action occurs with regard to the combination of valve
outputs. In addition, a heating operation may be
concurrently applied in order to achieve the desired
effect of minimum undershoot. Details regarding the
concurrent heating operation are described below.
Another important feature of the present invention is
that the time proportional controller divides the
thermal chuck temperature range into the plurality of
control regions. The thermal chuck temperature region,
for example, ranges from 00C to 300C. Each control
region is defined by an upper temperature boundary and
a lower temperature boundary. In addition, each
control region comprises a dead-band temperature
region if the control region includes the desired set
point temperature. As mentioned above, the dead-band
temperature region is formed above and below the
desired set point temperature, thereby forming a
deadband around the desired set point temperature. In
addition, each control region has a gain scheduler.
The gain scheduler of each control region calculates a
proportion band with respect to temperature
characteristics exhibited by the control region. For
example, a control region having a temperature range
between 25C and 600C can exhibit different temperature
characteristics than another control region having a
temperature range above 15O0C, for example, with
regard to the forming of steam from fluid in the
thermal chuck at different temperatures. In
particular, the gain scheduler of control regions
having a temperature above H OC calculates a
proportion band using a different calculation than the
control regions having a temperature region below
110C. The calculations performed by the gain scheduler
in the various control regions are illustrated below.
In addition, if the desired temperature is in a
control region having a high temperature 



range, a high undershoot can occur, as compared with a
control region having a low temperature range, the
low-temperature control region having a smaller
undershoot than the high-temperature control region.
However, the time proportional controller will
executecontrol actions that are unique to the
high-temperature control region, and can therefore
minimize undershoot accordingly. FIG. 5 contains a
graph that illustrates undershoot at varying
temperatures and six different fixed proportion bands,
namely, PB 10, PB 20, PB 25, PB 40, PB 200, and PB
100, in the absence of the time proportional
controller of the present invention. As shown in FIG.
5, an undershoot can be very large at high
temperatures as compared with an undershoot at lower
temperatures. For example, at 200 C, at a fixed gain
(PB 25), an undershoot with conventional temperature
control and no gain scheduling is 28 C. At 150C, the
undershoot at the same fixed gain (PB 25) is 8C. FIG.
5 describes undershoot under different fixed gains,
the fixed gains determined by various thermal chuck
parameters. FIG. 6 contains a graph that shows the
result of an undershoot with the gain scheduler, duty
cycle scheduler, and dead-band mode of the thermal
chuck system of the present invention. By introducing
the temperature controller 30 of the present
invention, the undershoot is improved. FIG. 7A
contains a graph of undershoots resulting from
multiple temperature transitions according to a
conventional thermal chuck. FIG. 7B contains a graph
of undershoots resulting from multiple temperature
transitions according to the present invention. FIGs.
5-7 therefore illustrate that by introducing the time
proportional controller of the present invention,
undershoot is improved over conventional thermal chuck
systems, regardless of the temperature range between
the measured temperature and the desired temperature.
As described above, the time proportional controller
of the temperature controller 30 can minimize
undershoot by controlling a measured chuck temperature
across the temperature range supported by the thermal
chuck by partitioning the chuck temperature range into
a plurality of control regions and low-temperature
regions. This feature of the present invention is
illustrated in the following example. 



In this example, a thermal chuck temperature range is
divided by the time proportional controller into five
different control regions. Each control region
comprises a gain scheduler. In addition, each control
region in this example includes a dead-band
temperature region. A low-temperature region (referred
to in this example as "Control Region One") has a
temperature region marked by a low temperature
boundary of about 10 C to a hightemperature boundary
of about 25C. During a temperature transition for
decreasing the measured chuck temperature until a
desired temperature is reached, when the measured
chuck temperature is in Control Region One, a control
action is performed that requires 100% fluid and 0%
air to be provided to the thermal chuck 20 during the
predefined period. Here, the temperature controller
controls the valve control box 20 by placing the high
flow solenoid valve 204 in an "ON" state and the air
solenoid valve 203 in an "OFF" state. In addition, the
low flow solenoid valve 205 is placed in an "OFF"
state. Here, the high flow solenoid valve 204 is
continually open, thus keeping the
temperature-controlled fluid circulating through the
thermal chuck, regardless of the measured temperature.
In Control Region One, 100% fluid and 0% air, is
applied to the thermal chuck until a desired chuck
temperature can be achieved. When the measured chuck
temperature is reduced until the desired chuck
temperature is achieved, the fluid temperature is
maintained at a fixed temperature below the desired
chuck temperature, for example, at 10C below the
desired chuck temperature. During a cooling operation
in Control Region One whereby the measured temperature
is reduced until it is less than the desired
temperature, and thus creating an undesirable
undershoot, a heating operation may be performed.
During the heating operation, the fluid temperature is
increased until the desired chuck temperature is
achieved and steady state is achieved. To perform the
heating operation, the heater 11 is placed under a
closed loop temperature control. In this manner, the
time proportional controller calculates the difference
between the measured temperature and the desired
temperature. The result is filtered using a
proportional-integral-derivative (PID) topology. The
PID is used by the temperature controller to command a
heat power level that increases the measured
temperature until it is at the desired temperature. 



Therefore, the desired temperature may be achieved by
applying the heating operation during the cooling
operation, such that the heating operation and the
cooling operation are performed together to reduce
undershoot. Also, it may be necessary to apply the
heating operation after the cooling operation is
performed to maintain steady state. The temperature
transition can occur within Control Region One,
wherein the measured temperature and the desired
temperature both have a temperature that is in the
Control Region One temperature region, for example,
10C - 25C, or the temperaturetransition can occur
wherein the temperature transition is initiated from a
control region having higher temperature regions than
Control Region One. Here, the temperature transition
operation in Control Region One is performed in the
same manner. That is, the temperature controller
controls the valve control box 20 by placing the high
flow solenoid valve 204 in an "ON" state and the air
solenoid valve 203 in an "OFF" state during a period
where the measured temperature is in Control Region
One. In Control Region One, the low flow solenoid
valve 205 is placed in an "OFF" state, and the high
flow solenoid valve 204 is continually open, or in an
"ON" state, and thus temperature-controlled fluid is
constantly circulating through the thermal chuck. A
second control region (referred to in this example as
"Control Region Two") can be defined by a temperature
range, for example, a temperature range marked by a
low temperature boundary of about 25C to a high
temperature boundary of about 600C. During a
temperature transition for decreasing the measured
chuck temperature, i.e., a temperature cooling
operation, when the measured chuck temperature is in
the temperature range of Control Region Two, the time
proportional controller performs a control action that
alternates inputs of air and fluid to the thermal
chuck in controlled proportions during a predefined
period by enabling the air solenoid valve 203 and high
flow solenoid valve 204 accordingly. The proportions
of air and fluid are determined by the gain scheduler
and the duty cycle scheduler of the Control Region
Two. In Control Region Two, the gain scheduler
generates a proportion band (PB) and transition gain
(TG), and the duty cycle scheduler generates a duty
cycle (DC) in each predefined period, based on the
following formulas: 



Proportion Band (PB) = (K/10) * TchU ok, o/Trange
Transition Gain (TG) = 100/PB Duty Cycle (DC) = -E *
TG, where E is the temperature error, defined by t i 1
setpoint " 1 chuck The constant K is a fixed gain
value, having a default value, for example, a default
value K of 270. K is an empirically determined
constant based on undershoot performance during
temperature transitions. It should be noted that the
fixed constant K is reduced by afactor of 10 in
Control Region Two to further compensate for inherent
temperature behavior that occurs below the boiling
point of water, in the temperature range of Control
Region Two. Specifically, K is divided by 10 in
Control Region Two because the fluid in the liquid
state does not remove heat as quickly as the fluid in
the gaseous state, i.e., steam. The chuck temperature
(TChUck,o) is an initial measured chuck temperature at
the start of the temperature transition. Trange is
defined as the difference between the maximum chuck
temperature, for example, 3000C, and the minimum water
temperature, for example 00C, which can also be
regarded as the minimum chuck temperature. In this
example, Trange = 300. TsetPoint is the desired
temperature. The error coefficient E is the difference
between the desired temperature and the measured
temperature. The chuck temperature TchUck is the
instantaneous measured chuck temperature at a time
during a transition. For example, a temperature
transition from 2700C to 400C will result in a
proportion band (PB) of 24.3 since Tchuck, o.= 270.
The transition gain (TG) = 4.1 15. In the above
example, a duty cycle (DC) calculated in the first
period of the temperature transition, i.e., when the
chuck temperature Tchuck is 2700C, is DC = 4.1 15*
(40- 270) = 946.45%. As described above, the maximum
duty cycle is 100%. Therefore, in the first period, a
100% duty cycle is used. In another example, when the
measured temperature is 600C, the duty cycle is 82.3%,
indicating that the high flow solenoid valve 204 will
output fluid to the chuck during 82.3% of the period,
and the air solenoid valve 203 will be open during the
remaining 17.7% of the period. The minimum value of
the duty cycle is generally configured for 80% prior
to entering the dead-band temperature region. That is,
the high flow 



solenoid valve 204 is in an "ON" state for at least
80% of a predefined period. The duty cycle scheduler
maintains a minimum 80% duty cycle until the dead-band
is reached. At that point, a minimum 50% duty cycle is
used, i.e., proportions of 50% fluid and 50% air
required for a predefined period. In the dead-band
temperature region of Control Region Two, the duty
cycle cannot be less than 50%. For example, when the
desired temperature is 400C and the measured
temperature is 450C, the duty cycle is calculated to
be 20.57%. However, since this is less than the
required 50% duty cycle, a minimum duty cycle of 50%
must be maintained, such that proportions of 50% fluid
and 50% are produced. In the dead-band mode, the time
proportional controller controls the air solenoid
valve 203 and high-flow solenoid valve 204 such that a
50% duty cycle is achieved for a set periodof time,
for example, 5 minutes. In addition, heat is applied
as necessary to stabilize the measured temperature.
After the set period of time expires, Control Region
Two places the low flow solenoid valve 205 in an "ON"
state, in which a low flow of fluid is input to the
thermal chuck. In this manner, when the chuck
temperature is decreased such that the chuck
temperature is in the dead-band region of Control
Region Two, the low flow of fluid can remove heat from
the controller by expelling fluid carrying heat from
the thermal chuck 10 via an output port and fluid path
22 (FIG. 1), and introducing the low flow of fluid to
the chuck 10 via a fluid input port and fluid path 2 1
(FIG. 1). During a cooling operation in Control Region
Two, the measured temperature may be reduced by the
cooling operation until it' is less than the desired
temperature, and thus creating an undesirable
undershoot. A heating operation is performed in a
similar manner as the heating operation of Control
Region One. That is, during the heating operation, the
fluid temperature is increased until the desired chuck
temperature is achieved. When the thermal chuck system
is at steady state, whereby the magnitude of the
difference between the measured chuck temperature and
the desired chuck temperature has a minimum predefined
deviation, the low flow solenoid valve 205 remains in
the "ON" state, thus keeping the fluid circulating
through the thermal chuck 10 and thereby permitting
the thermal chuck system to remain in steady state.
The fluid temperature is maintained at a set
temperature below the desired chuck temperature, for
example, set at 10C below the desired 



chuck temperature, or set at 35C for desired chuck
temperatures above 45C. Although the desired
temperature may be achieved during a temperature
cooling operation, whereby the thermal chuck system is
at steady state, it may be necessary to perform a
heating operation to maintain steady state, whereby
the heating operation described above will be
performed. A third control region (referred to in this
example as "Control Region Three") can be defined by a
third temperature range, for example, a temperature
range marked by a low temperature boundary of about 60
C to a high temperature boundary of about 11O0C.
During a cooling operation, when the measured chuck
temperature is in the temperature range of Control
Region Three, a controller process of Control Region
Three performs a control action that alternates inputs
of air and fluid to the thermal chuck incontrolled
proportions during a predefined period by enabling the
air solenoid valve 203 and high flow solenoid valve
204 accordingly. The proportions of air and fluid are
determined by the gain scheduler of Control Region
Three. In Control Region Three, the gain scheduler
generates a proportion band (PB) and transition gain
(TG), and the duty cycle scheduler generates a duty
cycle (DC) in each predefined period of a temperature
transition, based on the following formulas:
Proportion Band (PB) = (K/ 10) * TChUC k, o/ Trange
Transition Gain (TG) = 100/PB Duty Cycle (DC) = -E *
TG, where E is the temperature error, defined by -
setpoint " chuck The constant K is a fixed gain value,
having a default value, for example a default value of
270. K is an empirically determined constant based on
undershoot performace during temperature transitions.
It should be noted that the fixed constant K is
reduced by a factor of 10 in Control Region Three to
further compensate for inherent temperature behavior
that occurs in the temperature range of Control Region
Three, for reasons similar to Control Region Two. The
chuck temperature (TChuck,o) is an initial measured
chuck temperature at the start of the temperature
transition. Trange is defined as the difference
between the maximum 



chuck temperature, for example, 300C, and the minimum
water temperature, for example 0C, which can also be
regarded as the minimum chuck temperature. In this
example, Trange = 300. Tsetpoint is the desired set
point temperature. The error coefficient E is the
difference between the desired temperature and the
measured temperature. The chuck temperature TchUck is
the instantaneous measured chuck temperature at a time
during a transition. For example, a temperature
transition from 25O0C to 1000C will result in a
proportion band (PB) of 22.5. The transition gain (TG)
at this proportion band is 4.44. When the measured
temperature is 2500C during the temperature
transition, the duty cycle is calculated by the duty
cycle scheduler as (100-250)*4.44 = 666% . As
described above, a maximum duty cycle of 100% is
permitted. Therefore, the high flow solenoid valve 204
will output fluid to the chuck during 100% of the
period. At 1150C during the transition, the duty cycle
is calculated to be 66.6%. At 1100C , the duty cycle
is calculated to be 44.4%.In addition, Control Region
Three includes a dead-band temperature region when the
desired chuck temperature is in the temperature range
of Control Region Three, for example between 60 C and
H OC. When the measured chuck temperature enters the
dead-band temperature region of Control Region Three,
the thermal chuck system enters a proportional air/low
flow fluid state for a fixed duration. The fixed
duration is adjustable, but is generally configured at
10 minutes. In the proportional air/low flow fluid
state, the time proportional controller of Control
Region Three alternates inputs of air and fluid to the
chuck in controlled proportions by enabling the air
solenoid valve 203 and low flow solenoid valve 205 for
the fixed duration. The alternating proportions of air
and low flow fluid to the chuck in this manner reduces
the undershoot that occurs during the temperature
transition. After the duration expires, the air
solenoid valve is enabled for 30 seconds to purge the
chuck 10 of any fluid. Here, the controller process
places the high flow solenoid valve 204 and the low
flow solenoid valve 205 in an "OFF" state, and the air
solenoid valve 203 is enabled, that is, in an "ON"
state. During the cooling operation, whereby the
measured temperature is less than the desired
temperature, and thus creating an undesirable
undershoot, a heating operation is 



applied to stabilize the measured temperature, i.e.,
to minimize the undershoot. After the previously
described cooling actions occur, the thermal chuck
system settles to steady state. When the system is at
steady state, valves 203, 204, 205 are disabled, or in
an "OFF" state. At this time, no air or fluid flows
through the chuck. However, like Control Regions One
and Two, it may be necessary to perform a heating
operation to maintain steady state. The heating
operation may be performed in a manner similar to the
heating operation described above with regard to the
low-temperature regions. When the measured chuck
temperature reaches the dead-band temperature region
in Control Region Three, the thermal chuck system
enters a proportional air controlled state for a fixed
duration. The fixed duration is user-configurable, but
is generally configured at 10 minutes. Here, the high
flow solenoid valve 204 and low flow solenoid valve
205 are disabled, that is, an "OFF" state. The air
solenoid valve 203 is alternately enabled and disabled
such that air is introduced to the chuck in controlled
proportions, according to a duty cycle calculated by
the duty cycle scheduler. The measured temperature is
thereby increased until the desired chuck temperature
is achieved.After the cooling and heating operations
above are performed, the thermal chuck system settles
to steady state. When the thermal chuck system is at
steady state, the valves 203, 204, 205 in the system
are disabled, that is, an "OFF" state. In this manner,
no air or fluid flows through the chuck. A fourth
control region (referred to as "Control Region Four")
can b e defined by a fourth temperature range above
the third control region. The temperature range of
Control Region Four is marked, for example, by a low
temperature boundary of 110 C and a high temperature
boundary of 15O0C. During a cooling operation when the
measured chuck temperature is in the temperature range
of Control Region Four, a controller process of
Control Region Four performs a control action that
alternates inputs of air and fluid to the chuck in
controlled proportions during a predefined period by
enabling the air solenoid valve 203 and high flow
solenoid valve 204 accordingly. The proportions of air
and fluid are determined by the gain scheduler of the
Control 



Region Four controller process. In Control Region
Four, the gain scheduler generates a proportion band
(PB) and transition gain (TG), and the duty cycle
scheduler generates a duty cycle (DC) in each
predefined period of a temperature transition, based
on the following formulas: Proportion Band (PB) = K *
Tchuck, o/ Trange Transition Gain (TG) = 100/PB Duty
Cycle (DC) = -E * TG, where E is the temperature
error, defined by t , - I setpoint " -L chuck The
constant K is a fixed gain value, having a default
value, for example a default value of 270. The chuck
temperature (TChUC k, o) is an initial measured chuck
temperature at the start of the temperature
transition. Trange is defined as the difference
between the maximum chuck temperature, for example,
300C, and the minimum fluid and chuck temperature, for
example 0C, which can also be regarded as the minimum
chuck temperature. In this example, Trange = 300.
Tsetpoint is the desired set point temperature. The
error coefficient E is the difference between the
desired temperature and the measured temperature. The
chucktemperature TChuck is the instantaneous measured
chuck temperature at a time during a transition. In
addition, Control Region Four includes a dead-band
temperature region when the desired chuck temperature
is in the temperature range of Control Region Four.
When the measured chuck temperature enters the
dead-band temperature region of Control Region Four
during a cooling temperature transition, the thermal
chuck system enters a proportional air/low flow fluid
state for a fixed duration, for example, 10 minutes.
In the proportional air/low flow fluid state, the
controller process of Control Region Four alternates
inputs of air and fluid to the chuck in controlled
proportions by enabling the air solenoid valve 203 and
low flow solenoid valve 205 for the fixed duration.
The alternating proportions of air and low flow fluid
to the chuck in this manner further reduces the
undershoot that occurs during the temperature
transition. As in Control Region Three, the air
solenoid valve is enabled when the duration expires to
purge the chuck 10 of any fluid. Here, the controller
process places the 



high flow solenoid valve 204 and the low flow solenoid
valve 205 in an "OFF" state, and the air solenoid
valve 203 is in an "ON" state. During the cooling
operation, whereby the measured temperature is less
than the desired temperature, and thus creating an
undesirable undershoot, in a manner similar to Control
Region Three, a heating operation may be performed in
tandem with the cooling operation to stabilize the
measured temperature, or to minimize the undershoot.
After the cooling and heating operations above are
performed, the thermal chuck system settles to steady
state. When the thermal chuck system is at steady
state, the solenoid valves 203, 204, 205 in the system
are disabled, that is, an "OFF" state. At this time,
no air or fluid flows through the chuck. A fifth
control region (referred to as "Control Region Five")
can be defined by a fifth temperature range, for
example, a temperature range marked by a low
temperature boundary of 150 C to a high temperature
boundary of 300C. During a cooling operation when the
measured chuck temperature is in the temperature range
of Control Region Five, a controller process of
Control Region Five performs a control action that
alternates inputs of air and fluid to the chuck in
controlled proportions during a predefined period by
enabling the air solenoid valve 203 and high flow
solenoid valve 204 accordingly.The proportions of air
and fluid are determined by the duty cycle scheduler
of the Control Region Five controller process. In
Control Region Five, the gain scheduler generates a
proportion band (PB) and transition gain (TG), and the
duty cycle scheduler generates a duty cycle (DC) in
each predefined period of a temperature transition,
based on the following formulas: Proportion Band (PB)
= K Tchuck, o/ Trange Transition Gain = 100/PB Duty
Cycle (DC) = -E * TG, where E is the temperature
error, defined by Il J - setpoint chuck The constant K
is a fixed gain value, having a default value, for
example a default value of 270. The initial chuck
temperature (TChUck, o) is a the initial measured
chuck 



temperature at the start of the temperature
transition. Trange is defined as the difference
between the maximum chuck temperature, for example,
3000C and the minimum water and chuck temperature, for
example 00C. In this example, Trange = 300. The error
coefficient (E) is the difference between the desired
temperature and the measured temperature. The error
coefficient E is the difference between the desired
temperature and the measured temperature. The chuck
temperature TChUCk is the instantaneous measured chuck
temperature at a time during a transition. Control
Region Five includes a dead-band temperature region
when the desired measured temperature is in the
temperature range of Control Region Five. When the
measured chuck temperature enters the dead-band
temperature region of Control Region Five during a
cooling temperature transition, the time proportional
controller of Control Region Five enables the air
solenoid valve 203, whereby the air solenoid valve 203
is in an "ON" state, to expel fluid from the chuck. At
this point, the high flow solenoid 204 and low flow
solenoid 205 valves are in an "OFF" state. It is
important that the fluid is expelled from the thermal
chuck 10 in the temperature range of Control Region
Five due to the risk of steam being formed in the
temperature range of Control Region Five which may
create instability with regard to the operation of the
chuck 10. Thus, as distinguished from Control
RegionsOne, Two, Three, and Four, no fluid exists in
the chuck when the measured temperature is in the
Control Region Five dead-band temperature region.
After the fluid is purged from the chuck, the thermal
chuck system enters a proportional air controlled
state for a fixed duration. The fixed duration is
adjustable, but is generally configured at 10 minutes.
Here, the high flow solenoid valve 204 and low flow
solenoid valve 205 are disabled, that is, an "OFF"
state. The air solenoid valve 203 is alternately
enabled and disabled such that cold air is provided to
the thermal chuck 10 in controlled proportions,
according to a calculated air proportional band, for
example, a 2C proportional band. The air solenoid
valve 203 remains in the "ON" state for the fixed
duration in order to stabilize the chuck temperature
for latent heat. The air solenoid valve 203 is in the
"ON" state for a proportion of the fixed duration, and
the high flow solenoid 204 and low flow solenoid 205
valves remain in the "OFF" state. Once the period has
expired, the air 



solenoid valve 203 is disabled, that is, an "OFF"
state. During the cooling operation, whereby the
measured temperature is less than the desired
temperature, and thus creating an undesirable
undershoot, a heating operation may be performed in
addition to the cooling operation to stabilize the
measured temperature, that is, to minimize the
undershoot. After the described cooling actions, the
thermal chuck system settles to steady state. When the
thermal chuck system is at steady state, the solenoid
valves 203, 204, 205 are disabled, that is, an "OFF"
state. In this manner, no air or fluid flows through
the chuck. FIG. 8 contains a state diagram
illustrating temperature transition results occurring
in a plurality of control regions according to the
present invention. Control Region One through Control
Region Five used in the previous example are
applicable in this illustration. In state 1, the
temperature controller 30 is in an idle state. There
are no active temperature operations. The temperature
controller 30 generates an instruction to the fluid
source 40 to maintain a fluid temperature of 50C.
Valves 203, 204, and 205 are off. Heater 11 is off. In
state 2, the temperature controller 30 receives a
temperature transition instruction. Valves 203, 204,
205, and heater 11 are off. If the instruction is to
perform a temperature transition including a heating
operation, then the temperature controller 30 performs
the heating operation beginning at state 3. If the
instruction is to perform a temperature
transitionincluding a cooling operation, then the
temperature controller 30 performs the cooling
operation beginning at state 4. In state 3, the
temperature controller 30 receives a temperature
transition instruction to perform a heating operation.
A control decision is made concerning whether the
chuck 10 contains fluid. If yes, then the temperature
controller enters state 5. If no, then the temperature
controller 30 enters state 6. Valves 203, 204, 205,
and heater 11 are off. In state 5, the temperature
controller 30 purges fluid from the chuck for 30
seconds. Air solenoid valve 203 is in an "ON" state.
High flow solenoid valve 204 and low flow solenoid
valve 205 are in an "OFF" state. Heater power is
enabled, and the heater 11 is under a closed loop
temperature control, as described above. 



In state 6, the heater 11 warms the chuck to the
desired temperature. When the desired temperature, or
set point temperature, is reached, valves 203, 204,
205 are in an "OFF" state and the heater is under a
closed loop temperature control. The temperature
controller 30 generates an instruction to the fluid
source 40 to maintain a temperature of the fluid at
10C below the desired chuck temperature, within a
temperature range between 5C and 35C. If the chuck
desired temperature is in Control Region Three, Four,
or Five, the temperature controller generates an
instruction to the fluid source 40 to maintain a fluid
temperature of 5C. In state 7, a control action is
performed by the temperature controller based on the
desired temperature. If the desired temperature is in
Control Region One, then a control action is performed
at state 8. If the desired temperature is in Control
Region Two, then a control action is performed at
state 9. If the desired temperature is in Control
Region Three, Four, or Five, then a control action is
performed at state 10. In state 8, the measured
temperature and desired temperature are both in
Control Region One, for example, at temperatures
between 10C - 25C. The high flow solenoid valve 204 is
in an "ON" state. Valves 203, 205 are in an "OFF"
state. The chuck temperature is increased until the
desired temperature is reached. Since fluid is
continuously running through the chuck 10 in Control
Region One, heat is applied by heater 11 to maintain a
precise desired temperature such that the temperature
deviation between the measured temperature and desired
temperature is approximately 0C.In state 9, the
measured temperature and desired temperature are both
in Control Region Two, for example, at temperatures
between 25C - 60C. In this state, the low flow
solenoid valve 205 is in an "ON" state. Valves 203,
204 are in an "OFF" state. The chuck temperature is
increased until the desired temperature is reached.
Since fluid is continuously running through the chuck
10 in Control Region One, heat is applied by heater 11
to maintain a precise desired temperature such that
the temperature deviation between the measured
temperature and desired temperature is approximately
00C. In state 10, the measured temperature and desired
temperature is in Control Region Three, Four, or Five,
for example, at temperatures above 60. The time
proportional 



controller 30 performs proportion band calculations as
described above, if the measured temperature is lower
than the desired temperature. During a heating
operation, for example, to maintain steady state, the
heating operation may be performed in a manner similar
to the heating operation described above with regard
to the low temperature regions. In this manner, the
measured temperature is increased until the desired
chuck temperature is achieved. The temperature
controller conducts a heating operation as necessary
to maintain a precise desired temperature. In state
11, the temperature transitions of states 8, 9, and 10
are completed. In this state, the measured temperature
is at steady state. The temperature controller 30
remains at state 11 until a new temperature transition
instruction is received, then the temperature
controller 30 proceeds to state 2. In state 4, the
temperature controller 30 receives a temperature
transition instruction to perform a cooling operation.
The fluid source 40 is instructed to maintain a
temperature of 5C. The heater 11 is off. A gain
scheduler calculates a proportion band and transition
gain to be used for the duration of the temperature
transition by the time proportional controller. In
addition, a duty cycle scheduler calculates a duty
cycle for each period of the temperature transition
for controlling the valves 203, 204, 205 accordingly.
In state 12, air solenoid valve 203 and high flow
solenoid valve 204 are enabled and disabled according
to calculated time proportions, as described above.
The heater 11 is off. The temperature controller 30
determines the dead-band temperature region from the
desired temperature and a predetermined dead-band. For
example, if the dead-band is +/-5C, then the dead-band
temperature region is the desired set point
temperature +/- 5C. Upon reachingthe dead-band
temperature range, a secondary control action, in
particular a dead-band mode control action, is
executed accordingly, as described above. The heater
11 is off. In state 13, a secondary control action is
performed by the temperature controller 30 based on
the desired temperature. If the desired temperature is
in Control Region One, then the secondary control
action is performed at state 14. If the desired
temperature is in Control Region Two, then the
secondary control action is performed at state 15. If
the desired temperature is in Control Region Three,
then the secondary control action is performed at 



state 16. If the desired temperature is in Control
Region Four, then the secondary control action is
performed at state 17. If the desired temperature is
in Control Region Five, then the secondary control
action is performed at state 18. In state 14, the
control actions as described above in Control Region
One are performed. Specifically, when the measured
temperature reaches the desired temperature, the high
flow solenoid valve 204 is enabled, and the heater 11
is enabled. In addition, the fluid source 40 is
instructed to maintain a fluid temperature at 10C
below the desired set point temperature, bounded by a
low temperature boundary of 5. The temperature
controller controls the heater 11 to maintain a
precise temperature by adding heat to offset the fluid
temperature such that the temperature deviation
between the measured temperature and the desired
temperature is approximately O0C. In state 15, the
control actions as described above in Control Region
Two are performed. Specifically, when the measured
temperature reaches the desired temperature in the
dead-band temperature region of Control Region Two,
the time proportional controller performs a control
action based on a 50% duty cycle, as described above.
The fluid source 40 is instructed to maintain a
temperature of the desired temperature minus 10C,
bounded by a low temperature boundary of 5. The
temperature controller controls the heater 11 to
maintain a precise temperature by adding heat to
offset the fluid such that the temperature deviation
between the measured temperature and the desired
temperature is approximately O0C. In state 16, the
control actions as described above in Control Region
Three are performed. Specifically, the duty cycle
scheduler calculates a duty cycle for each period that
the measured temperature is higher than the desired
temperature in a cooling operation. When the measured
temperature reaches the desired temperature in the
dead-band temperatureregion of Control Region Three,
the time proportional controller performs a control
action by applying the low flow solenoid valve 205 and
air solenoid valve 203, as described above. In
addition, the fluid source 40 is instructed to
maintain a temperature of 5C until the measured
temperature reaches steady state. After a ten minute
timer expires, referred to above as a duration, the
low flow solenoid valve 205 is in an "OFF" state, and
the air solenoid valve 203 



enabled, in an "ON" state, for 30 seconds to expel any
fluid from the chuck. The temperature controller
controls the heater 11 to maintain a precise
temperature by adding heat to offset the fluid such
that the temperature deviation between the measured
temperature and the desired temperature is
approximately 0C. In state 17, the control actions as
described above in Control Region Four are performed,
as illustrated above. Specifically, the duty cycle
scheduler calculates a duty cycle for each period that
the measured temperature is higher than the desired
temperature in a cooling operation. When the measured
temperature is in Control Region Four, the time
proportional controller performs a control action that
alternates inputs of air and fluid to the chuck 10 in
controlled proportions by enabling the air solenoid
valve 203 and high flow solenoid valve 204
accordingly. In addition, when the measured
temperature reaches the desired temperature in the
dead-band region of Control Region Four, the
controller process alternates inputs of air and fluid
in the chuck in controlled proportions by enabling the
air solenoid valve 203 and low flow solenoid valve 205
for a fixed duration, for example, 10 minutes. As in
Control Region Three, the air solenoid valve 203 is
enabled when the duration expires to purge the chuck
10 of any fluid. Here, the high flow solenoid valve
204 and low flow solenoid valve 205 are in an "OFF"
state, and the air solenoid valve is in an "ON" state.
In state 18, the control actions as described above in
Control Region Five are performed. Specifically, the
gain scheduler calculates a proportion band if the
measured temperature is higher than the desired
temperature. When the measured temperature reaches the
desired temperature, the heater 11 is enabled. Valves
203, 204, 205 are in an "OFF" state. In addition, the
fluid source 40 is instructed to maintain a
temperature of 50C until the measured temperature
reaches steady state. The temperature controller
controls the heater 11 to maintain a precise
temperature by adding heat to offset the fluid such
that the temperature deviation between the measured
temperature and the desired temperature is
approximately 0C.While this invention has been
particularly shown and described with references to
preferred embodiments thereof, it will be understood
by those skilled in the art that various changes in
form and details may be made herein without departing
from the spirit and scope 



of the invention as defined in the appended
claims.What is claimed is: 1. A temperature control
system for a chuck comprising: a first input for
receiving air from an air source; a second input for
receiving a fluid from a fluid source; and at least
one output for alternately transferring the air and
fluid in proportions to the chuck to control a surface
temperature of the chuck. 2. The temperature control
system of claim 1, wherein the fluid is
temperaturecontrolled. 3. The temperature control
system of claim 1, wherein the fluid comprises water.
4. The temperature control system of claim 1 further
comprising: a first temperature control system for
controlling an increase of the surface temperature;
and a second temperature control system for
controlling a decrease of the surface temperature by
alternating the air and fluid in the proportions
during a predefined period, the second temperature
control system including low-temperature processes and
controller processes for managing temperature
transitions among a plurality of control regions. 5. A
thermal chuck system comprising: a first input for
receiving air from an air source; a second input for
receiving a temperature-controlled fluid from a fluid
source; at least one output for alternately
transferring the air and fluid in proportions to a
thermal chuck; a first temperature control system for
controlling an increase of a surface temperature; and
a second temperature control system for controlling a
decrease of the surfacetemperature by alternating the
air and fluid in the proportions during the predefined
period, the second temperature control system
including low-temperature processes and controller
processes for managing temperature transitions among a
plurality of control regions. 6. The thermal chuck
system of claim 5, wherein the fluid comprises water.
7. The thermal chuck system of claim 5, wherein the
thermal chuck is one of a 200mm and a 300mm thermal
chuck. 



8. The thermal chuck system of claim 5 further
comprising a valve control box and a time proportional
controller. 9. The thermal chuck system of claim 8
wherein the valve control box comprises an air valve
for outputting the air and a fluid valve for
outputting the temperature-controlled fluid. 10. The
thermal chuck system of claim 9, wherein the fluid
valve is at least one of a high flow solenoid valve
and a low flow solenoid valve. 11. The thermal chuck
system of claim 9, wherein the air valve and the fluid
valve outputs the air and fluid in an alternating mode
in response to the controller. 12. The thermal chuck
system of claim 8, wherein the valve control box
further includes a base air valve for providing a base
cooling. 13. The thermal chuck system of claim 8,
wherein the time proportional controller comprises: an
interface for receiving measured temperature
information from the thermal chuck; a control region
processor for defining the plurality of control
regions and a plurality of low-temperature regions; a
controller process in each control region; anda
low-temperature process in each low-temperature
region. 14. The thermal chuck system of claim 13,
wherein the control region processor defines each
control region and low-temperature region by
temperature boundaries. 15. The thermal chuck system
of claim 5, wherein when a first temperature is in a
first control region of the plurality of control
regions, a first controller process of the first
control region adjusts the air and fluid proportions,
and wherein when the first temperature is transitioned
to a second temperature in a second control region, a
second controller process of the second control region
adjusts the air and fluid proportions. 16. The thermal
chuck system of claim 15, wherein the first control
region and the second control region are the same. 17.
The thermal chuck system of claim 15, wherein the
first control region and the second control region are
different control regions in the plurality of control
regions. 



18. The thermal chuck system of claim 15, wherein a
dead-band region in the second control region provides
an approximate temperature region for the second
temperature, and wherein the second controller process
controls the dead-band region to reduce an undershoot
during the transition from the first temperature to
the second temperature. 19. The thermal chuck system
of claim 18, wherein the second controller process
reduces the undershoot by alternating the first input
of air and the second input of fluid in proportions.
20. The thermal chuck system of claim 18, wherein the
second controller process reduces the undershoot by
disabling the first input of air and the second input
of fluid. 2 1. The thermal chuck system of claim 5
further comprising temperature sensors for providing
chuck temperature measurements to the thermal chuck
system.22. The thermal chuck system of claim 5 wherein
each controller process comprises a gain scheduler
that computes a proportion band during the predefined
period, wherein the proportion band determines the
proportions of air and fluid input to the chuck during
the predefined period, and wherein the proportion band
is calculated in response to the chuck temperature
measurements. 23. A time proportional controller for
controlling a thermal chuck, the controller
comprising: an interface for receiving a measured
chuck surface temperature from the thermal chuck; a
control region processor for defining a plurality of
control regions and low temperature regions; a
controller process in each control region, wherein the
controller process controls a transition between
temperatures of the control regions and low
temperature regions; and a low-temperature process for
each low-temperature region. 24. The controller of
claim 23, wherein the controller process of each
control region comprises: a gain scheduler for
computing a proportion band in each of the plurality
of control regions, the proportion band for
determining a proportion of air and fluid inputs to
the 



thermal chuck during a predefined period; and a
dead-band mode for determining a dead-band temperature
range in each control region, and for reducing an
undershoot formed during the temperature transition.
25. The controller of claim 23, wherein each control
region and low temperature region is separated by
temperature boundaries; 26. The controller of claim
24, wherein the controller minimizes an undershoot by
disabling the proportion of air and fluid inputs
during the predefined period when a measured
temperature in the dead-band temperature range.27. The
controller of claim 24 further controlling a heater
for transitioning the measured temperature to a
desired temperature when the measured temperature is
lower than the desired temperature. 28. The controller
of claim 27 further controlling a plurality of valves
for transitioning the measured temperature to the
desired temperature when the measured temperature is
higher than the desired temperature. 29. A method for
controlling a chuck temperature comprising: receiving
air from an air source; receiving fluid from a fluid
source; and alternately transferring the air and fluid
in proportions to the chuck. 30. The method of claim
29 further comprising controlling a temperature of the
fluid. 31. The method of claim 29 further comprising:
controlling an increase of a surface temperature of
the chuck; and controlling a decrease of the surface
temperature by alternating the air and fluid in the
proportions during a predefined period. 32. The method
of claim 31 further comprising managing temperature
transitions among a plurality of control regions. 33.
A method for controlling a temperature of a chuck
comprising: receiving air from an air source;
receiving a temperature-controlled fluid from a fluid
source; alternately transferring the air and fluid in
proportions to the chuck; 



controlling an increase of the chuck temperature;
controlling a decrease of the chuck temperature by
alternating the air and fluid in the proportions
during a predefined period; andmanaging temperature
transitions among a plurality of control regions and
lowtemperature regions. 34. The method of claim 33,
wherein the air and fluid are outputted in an
alternating mode in response to a time proportional
controller. 35. The method of claim 34 further
comprising receiving measured temperature information
from the chuck. 36. The method of claim 33, wherein
each control region and low-temperature region is
defined by temperature boundaries. 37. The method cf
claim 33 further comprising adjusting air and fluid
proportions in a first control region of the plurality
of control regions when a first temperature is in the
first control region, wherein when the first
temperature is transitioned to a second temperature in
a second control region, adjusting air and fluid
proportions in the second control region. 38. The
method of claim 37, wherein the first control region
and the second control region are the same. 39. The
method of claim 37, wherein the first control region
and the second control region are different control
regions in the plurality of control regions. 40. The
method of claim 37 further comprising providing an
approximate temperature region as a dead-band region
in the second control region for the second
temperature, and controlling the dead-band region to
reduce an undershoot during the transition from the
first temperature to the second temperature. 4 1. The
method of claim 40 further comprising reducing the
undershoot by alternating the air and fluid in
proportions.42. The method of claim 40 further
comprising reducing the undershoot by disabling an
input of air and an input of fluid. 43. The method of
claim 33 further comprising computing a proportion
band during the predefined period, wherein the
proportion band determines the proportions of air and
fluid input to the chuck during the predefined period,
and wherein the proportion band is calculated 



in response to the chuck temperature measurements. 44.
A method for controlling a chuck temperature
comprising: receiving a measured chuck surface
temperature from a thermal chuck; defining a plurality
of control regions, each control region having a
controller process, and low temperature regions, each
low temperature region having a low-temperature
process; and controlling a transition between
temperatures of the control regions and lowtemperature
regions . 45. The method of claim 44, wherein each
control region and low temperature region is separated
by temperature boundaries. 46. The method of claim 44,
wherein controlling the transition between
temperatures of the control regions and low
temperature regions further comprises: computing a
proportion band in each control region, the proportion
band determining a proportion of air and fluid inputs
to the thermal chuck during a predefined period; and
determining a dead-band temperature range in each
control region, and reducing an undershoot formed
during the temperature transition. 47. The method of
claim 46 further comprising minimizing an undershoot
by . disabling the proportion of air and fluid inputs
during the predefined period when a measured
temperature is in the dead-band temperature range.48.
The method of claim 46 further comprising controlling
a heater for transitioning the measured temperature to
a desired temperature when the measured temperature is
lower than the desired temperature. 49. The method of
claim 48 further comprising controlling a plurality of
valves for transitioning the measured temperature to
the desired temperature when the measured temperature
is higher than the desired temperature. 




