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FAST SUBSTRATE SUPPORT TEMPERATURE CONTROL 

BACKGROUND 

Field 

[0001J Embodiments of the present invention generally relate to semiconductor 

processing, and more particularly, to apparatus for controlling the temperature of a 

substrate support. 

Description of the Related Art 

[0002] As the critical dimensions for semiconductor devices continue to shrink, 

there is an increased need for semiconductor processing equipment that can 

uniformly process a semiconductor substrate over a narrow process window. For 

example, during many fabrication processes, such as etching, deposition, or the like, 

the temperature of a substrate during the process is a critical factor in process 

control, such etching a substrate to an appropriate depth or dimension. 

[0003] In a semiconductor process chamber, the substrate temperature can be 

controlled or maintained by a temperature control apparatus. This apparatus may 

include, for example, an energy exchange system, wherein an energy exchanging 

medium is circulated through a substrate support. Using this system the substrate 

support may be cooled and/or heated to a desired temperature. 

[0004] Unfortunately, changes in temperature of the substrate during an individual 

process step is not feasible, due to the slow ramp up and ramp down time of the 

energy exchange system's temperature. Moreover, changing temperature between 

process steps is also time consuming due to the slow ramp up and ramp down time. 

[OOOSJ Hence, there is a need in the art for an apparatus that can more rapidly cool 

or heat a substrate to a desired temperature. 

SUMMARY 

[0006] Methods and apparatus for controlling the temperature of a substrate 

support are provided herein. In some embodiments, an apparatus for controlling the 

temperature of a substrate support may include a first heat transfer loop and a 
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second heat transfer loop. The first heat transfer loop may have a first bath with a 

first heat transfer fluid at a first temperature. The second heat transfer loop may 

have a second bath with a second heat transfer fluid at a second temperature. The 

first temperature may be the same or different than the second temperature. First 

and second flow controllers may be provided for respectively providing the first and 

second heat transfer fluids to a substrate support. One or more return lines may 

couple one or more outlets of the substrate support to the first and second baths for 

returning the first and second heat transfer fluids to the first and second baths. The 

first and second flow controllers may control the temperature of the substrate base 

by mixing the first and second fluids or by supplying the first and second fluids to the 

substrate support in flow pulses of sufficient duration to provide the required heat 

transfer for substrate temperature control. 

[0007] In some embodiments, the first and second heat transfer fluids may be 

mixed prior to entering the substrate support. Alternatively, in some embodiments, 

the first and second heat transfer fluids may not mix prior to entering the substrate 

support. The first and second heat transfer fluids may exit the substrate support via 

one or more outlets coupled to one or more return lines. In some embodiments, the 

first and second heat transfer fluids may exit the substrate via one outlet coupled to 

one return line, the return line further coupled to the first and second baths. 

Alternatively, in some embodiments, the first heat transfer fluids may exit the 

substrate support via a first outlet coupled to a first return line and the second heat 

transfer fluid may exit the substrate support via a second outlet coupled to a second 

return line, wherein the first return line may be coupled to the first bath and the 

second return line may be coupled to the second bath. 

[0008] In another aspect of the invention, methods for controlling a temperature of 

a substrate support are provided. In some embodiments, a method for controlling a 

temperature of a substrate support may include flowing a first heat transfer fluid 

having a first temperature from a first bath to a substrate support and flowing a 

second heat transfer fluid having a second temperature from a second bath to a 

substrate support. The first and the second temperatures may be the same or 
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different. The first and second heat transfer fluids are then returned to the first and 

second baths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] So that the manner in which the above recited features of the present 

invention can be understood in detail, a more particular description of the invention, 

briefly summarized above, may be had by reference to embodiments, some of which 

are illustrated in the appended drawings. It is to be noted, however, that the 

appended drawings illustrate only typical embodiments of this invention and are 

therefore not to be considered limiting of its scope, for the invention may admit to 

other equally effective embodiments. 

100101 Figure 1 depicts a process chamber having a heat transfer apparatus in 

accordance with some embodiments of the present invention. 

100111 Figure 2 depicts a heat transfer apparatus in accordance with some 

embodiments of the present invention. 

100121 Figure 3 depicts a heat transfer apparatus in accordance with some 

embodiments of the present invention. 

[0013] Figure 4 depicts a method for controlling the temperature of a substrate 

support in accordance with some embodiments of the present invention. 

[00141 Figure 5 depicts a heat transfer apparatus in accordance with some 

embodiments of the present invention. 

[0015] To facilitate understanding, identical reference numerals have been used, 

where possible, to designate identical elements that are common to the figures. The 

figures are not drawn to scale and may be simplified for clarity. It is contemplated 

that elements and features of one embodiment may be beneficially incorporated in 

other embodiments without further recitation. 

DETAILED DESCRIPTION 

[0016] Embodiments of the present invention provide apparatus and methods for 

controlling the temperature of a substrate support (and a substrate supported 

thereon). The inventive apparatus and methods may advantageously facilitate rapid 
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temperature control of the substrate support as compared to conventional methods 

and apparatus. The inventive apparatus and methods may improve processing of 

substrates. In some embodiments, the inventive apparatus and methods may be 

utilized in a process chamber of a substrate processing system, such as an etch 

chamber, a reactive ion etch (RIE) chamber, a chemical vapor deposition (CVD) 

chamber, a plasma enhanced CVD (PECVD) chamber, a physical vapor deposition 

(PVD) chamber, a thermal processing chamber, or the like. The invention generally 

may be utilized in applications that where rapid substrate temperature control is 

desired. 

[0017] For example, Figure 1 depicts a schematic diagram of an exemplary etch 

reactor 100 having a substrate support temperature control apparatus 200 that may 

be used to practice portions of the invention. The reactor 100 includes a process 

chamber 11 O having a substrate support pedestal 116 within a conductive body 

(wall) 130, and a controller 140. 

[00181 The chamber 110 may be supplied with a dielectric ceiling 120. An antenna 

comprising at least one inductive coil element 112 may be disposed above the 

ceiling 120 (two co-axial elements 112 are shown). The inductive coil element 112 

may be coupled through a first matching network 119 to a plasma power source 118. 

[0019] The support pedestal (cathode) 116 may be coupled through a second 

matching network 124 to a biasing power source 122. The biasing power may be 

either continuous or pulsed power. In other embodiments, the biasing power source 

122 may be a DC or pulsed DC source. 

[0020] A controller 140 includes a central processing unit (CPU) 144, a memory 

142, and support circuits 146 for the CPU 144. The controller 140 facilitates control 

of the components of the chamber 11 O and, as such, of the processes performed 

therein, as discussed below in further detail. 

[00211 In operation, a semiconductor substrate 114 may be placed on the pedestal 

116 and process gases supplied from a gas panel 138 through entry ports 126 to 

form a gaseous mixture 150 within the chamber 110. The gaseous mixture 150 may 

be excited into a plasma 155 in the chamber 11 O by applying power from the plasma 
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source 118 and biasing power source 122 to the inductive coil element 112 and the 

cathode 116, respectively. The pressure within the interior of the chamber 11 O may 

be controlled using a throttle valve 127 and a vacuum pump 136. Typically, the 

chamber wall 130 is coupled to an electrical ground 134. The temperature of the 

wall 130 may be controlled using liquid-containing conduits (not shown) that run 

through the wall 130. 

100221 The temperature of the substrate 114 may controlled by controlling a 

temperature of the support pedestal 116. In some embodiments, the temperature 

control apparatus 200 may be utilized to control the temperature of the support 

pedestal 116. Using such thermal control, the substrate 114 may be maintained at a 

temperature of between about -20 and 150 degrees Celsius. The substrate support 

pedestal 116 may comprise any suitable substrate support having channels (not 

shown) formed therein for facilitating the flow of at least one heat transfer fluid 

therethrough. The channels may be configured in any suitable arrangement for 

efficient transfer of heat between the substrate support pedestal 116 and the heat 

transfer fluid. The temperature control apparatus 200 may be disposed outside of 

the chamber 11 O or partially within the chamber 110. 

[0023) The temperature control apparatus 200 generally may include two chillers, 

or baths, coupled to the substrate support pedestal 116. The two chillers may be 

maintained at two different temperatures. The chillers provide heat transfer fluids at 

the respective temperatures that may be mixed as desired to provide any 

temperature between the two temperatures based upon the mixing ratio of the two 

heat transfer fluids. The heat transfer fluids may generally be any suitable heat 

transfer fluid. Examples of suitable heat transfer fluids include water-based 

mixtures, such as Galden® (available from Solvay S.A.) or Fluorinert™ (available 

from 3M Company). Flow controllers may be provided to each chiller to respectively 

control the amount of heat transfer fluid provided to the substrate support pedestal 

116. Thus, any desired change in processing temperature may be implemented 

rapidly, limited only by the speed of the actuators in the flow controllers controlling 

the flow. 
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[0024] For example, in some embodiments, and as depicted in Figure 2, the 

temperature control apparatus 200 may include a first heat transfer loop 202 and a 

second heat transfer loop 210. The first heat transfer loop 202 may include a first 

bath 204 and a first flow controller 206. A first heat transfer fluid may be 

substantially maintained in the first bath 204 at a first temperature. The first flow 

controller 206 may be coupled to the first bath 204 to provide the first heat transfer 

fluid to the substrate support pedestal 116. The second heat transfer loop 210 may 

include a second bath 212 and a second flow controller 214. A second heat transfer 

fluid may be substantially maintained in the second bath 212 at a second 

temperature. The second temperature may be the same or different than the first 

temperature. The second flow controller 214 may be coupled to the second bath 

212 to provide the second heat transfer fluid to the substrate support pedestal 116. 

A return line 217 may couple an outlet 216 of the substrate support pedestal 116 to 

the first and second baths 204, 212 for returning the first and second heat transfer 

fluids to the first and second baths 204, 212. The flow controllers 206,214 may be 

any suitable flow control device, such as a flow splitter, a variable flow splitter, a 

mass flow controller, or the like. The flow controllers 206, 214 may be disposed near 

the chamber 110, or in some embodiments, may be disposed inside of the chamber 

110. 

[0025] In some embodiments, the first and second heat transfer fluids may be 

mixed in a conduit 213 prior to entering an inlet 215 of the substrate support pedestal 

116. The mixed heat transfer fluids (hereinafter referred to as mixed fluids) may 

have a temperature anywhere between and including the respective individual 

temperatures of the first and second baths 204, 212. In some embodiments, the 

conduit 213 may be coupled to a temperature sensor 226 for monitoring the 

temperature of the mixed fluids. The temperature sensor may be coupled to a 

controller (such as controller 140 shown in Figure 1) for providing feedback to control 

the temperature of the mixed fluids (for example, by controlling the mixing ratio of the 

two heat transfer fluids). 

[0026] The mixed fluids exit the substrate support pedestal 116 through the outlet 

216 and are returned to the first and second baths via a return line 217. In some 
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embodiments, the return line 217 may be coupled to the first and second baths 204, 

212 via a return line flow controller 218 for controlling how the mixed fluids get 

distributed between the first and second baths 204, 212. The return line flow 

controller 218 may comprise a flow splitter, a variable flow splitter, a mass flow 

controller, or the like. In one embodiment, the return line flow controller 218 is a flow 

splitter. 

[0027] Optionally, the first heat transfer loop 202 may further include a first 

intermediate flow splitter 220 disposed between the first bath 204 and the first flow 

controller 206. The first intermediate flow splitter 220 may be utilized to split the flow 

of the first heat transfer fluid between the first flow controller 206 and the first bath 

204. Jn some embodiments, the first heat transfer fluid may be split in a mass ratio 

of about 1 :4 by the first intermediate flow controller 206, wherein about 20% of first 

heat transfer fluid may fiow to the first flow controller 206, and 80% of the first heat 

transfer fluid may be returned to the first bath 204. The first intermediate flow splitter 

220 may facilitate mixing of the heat transfer fluid in the first bath 204, thereby 

facilitating more uniform incorporation of the return flow of mixed fluids from the 

substrate support pedestal 116. 

[0028] Jn some embodiments, the first flow controller 206 may be a flow splitter for 

splitting the flow of the first heat transfer fluid between the substrate support pedestal 

116 and the first bath 204. In some embodiments, the first heat transfer fluid may be 

split in a mass ratio of about 0 to 100 percent at the first flow controller 206, wherein 

about O to 100 percent of the first heat transfer fluid may flow to the substrate 

support pedestal 116 and the remaining O to 100 percent may be returned to the first 

bath 204. 

[00291 Optionally, the second heat transfer loop 21 O may further comprise a 

second intermediate flow splitter 222 disposed between the second bath 212 and the 

second flow controller 214. The second intermediate flow splitter 222 may be 

utilized to split the flow of the second heat transfer fluid between the second flow 

controller 214 and the second bath 212. In some embodiments, the second heat 

transfer fluid may be split in a mass ratio of about 1 :4 by the second intermediate 

flow splitter 222, wherein about 20% of second heat transfer fluid may flow to the 
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second flow controller 206, and 80% of the second heat transfer fluid may be 

returned to the second bath 212. The second intermediate flow splitter 222 may 

facilitate mixing of the heat transfer fluid in the second bath 212, thereby facilitating 

more uniform incorporation of the return flow of mixed fluids from the substrate 

support pedestal 116. 

[0030J In some embodiments, the second flow 214 controller may be a flow splitter 

for splitting the flow of the second heat transfer fluid between the substrate support 

pedestal 116 and the second bath 212. In some embodiments, the second heat 

transfer fluid may be split in a mass ratio of about O to 100 percent at the second 

flow controller 214, wherein about O to 100 percent of the second heat transfer fluid 

may flow to the substrate support pedestal 116 and the remaining O to 100 percent 

may be returned to the second bath 212. 

[00311 In some embodiments, the temperature control apparatus 200 may further 

include a controller 224 for controlling the liquid level inside the first and second 

baths 204, 212. The controller 224 may be coupled to the return line flow controller 

218 for controlling the quantity of mixed fluids returning the first and second baths 

204, 212. The controller may be coupled to the second bath 212 for monitoring the 

fluid level inside the second bath 212. By monitoring the level of the heat transfer 

fluid in the second bath 212, the controller may control the return line flow controller 

218 to maintain a desired liquid level in the second bath 212. As there is a fixed 

amount of total heat transfer fluid within the system, the remainder of the mixed 

fluids flowing to the first bath 204 (and the liquid level thereof) will be similarly 

controlled. Alternatively, the controller 224 can be coupled to the return line flow 

controller 218 and the first bath 204 for performing the same function as described 

above. 

[0032J In operation, the first and second heat transfer fluids (at first and second 

respective temperatures) may be flowed from the first and second baths 204, 212 to 

the inlet 215 of the substrate support pedestal 116 via the conduit 213. The first and 

second heat transfer fluids may be mixed in the conduit 213 prior to entering the inlet 

of the substrate support pedestal 116. The mixed fluids may exit the substrate 
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support pedestal 116 through the outlet 216 and may be returned to the first and 

second baths 204, 212 via the return line 217. 

[0033] Alternatively, rather than mixing the heat transfer fluids prior to entering the 

substrate support pedestal 116, a temperature control apparatus may be provided 

that maintains the heat transfer fluids separate from each other. For example, 

Figure 3 depicts a temperature control apparatus 300 that may be utilized in place of 

the temperature control apparatus 200 described above. In some embodiments, the 

temperature control apparatus 300 may include a first heat transfer loop 302 and a 

second heat transfer loop 310. The first heat transfer loop 302 may include a first 

bath 304 for substantially maintaining a first heat transfer fluid at a first temperature. 

A first flow controller 306 may be coupled to the first bath 304 to provide the first heat 

transfer fluid to the substrate support pedestal 116 at a controlled rate. The second 

heat transfer loop 31 O may include a second bath 312 for substantially maintaining a 

second heat transfer fluid at a second temperature. A second flow controller 314 

may be coupled to the second bath 312 to provide the second heat transfer fluid to 

the substrate support pedestal 116 at a controlled rate. A first return line 316 may be 

provided for coupling the substrate support pedestal 116 to the first bath 304. A 

second return line 318 may be provided for coupling the substrate support pedestal 

116 to the second bath 314. The flow controllers 306, 314 may comprise any 

suitable flow controller as discussed above with respect to Figure 2. The flow 

controllers 306, 314 may be disposed near the chamber 110, or in some 

embodiments, may be disposed inside of the chamber 110. 

[0034J The first heat transfer fluid may enter the substrate support pedestal 116 via 

a first inlet 307 and the second heat transfer fluid may enter the substrate support 

pedestal via a second inlet 311. The first and second heat transfer fluids do not mix 

during passage through the substrate support pedestal 116. The first heat transfer 

fluid may exit the substrate support pedestal 116 via a first outlet 309. The outlet 

309 may be coupled to the first bath 304 via the first return line 316. The second 

heat transfer fluid may exit the substrate support pedestal 116 via a second outlet 

313. The second outlet 313 may be coupled to the second bath 312 via the second 

return line 318. In operation, the respective flows of the first and second heat 
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transfer fluids may be controlled (for example, by the controller 140 shown in Figure 

1) to provide a desired temperature of the substrate support pedestal 116. 

[0035] In some embodiments, the first flow controller 306 of the first heat transfer 

loop 302 may be a flow splitter for splitting the flow of the first heat transfer fluid 

between the substrate support pedestal 116 and the first bath 304. In some 

embodiments, the first heat transfer fluid may be split in a mass ratio of about O to 

100 percent by the first flow controller 306, wherein about O to 100 percent of the first 

heat transfer fluid may flow to the substrate support pedestal 116 and the remaining 

O to 100 percent may be returned to the first bath 304. 

[0036] In some embodiments, the second flow controller 314 of the second heat 

transfer loop 31 O may be a flow splitter for splitting the flow of the second heat 

transfer fluid between the substrate support pedestal 116 and the second bath 312. 

In some embodiments, the second heat transfer fluid may be split in a mass ratio of 

about O to 100 percent at the second flow controller 314, wherein about O to 100 

percent of the second heat transfer fluid may flow to the substrate support pedestal 

116 and the remaining Oto 100 percent may be returned to the second bath 312. 

[0037] In operation, the first and second heat transfer fluids (at respective first and 

second temperatures) may be flowed from the first and second baths 304, 312 to 

respective inlets 309, 313 of the substrate support pedestal 116 via the inlets 307, 

311. The first and second heat transfer fluids do not mix prior to entering the 

substrate support pedestal 116. The first and second fluids may exit the substrate 

support pedestal 116 through respective outlets 309, 313 and may be returned to the 

first and second baths 304, 312 via respective return lines 316, 318. 

[0038] The above embodiments of the present invention are illustrative only and 

may be varied in many ways while keeping within the scope of the present invention. 

For example, Figure 5 depicts a heat transfer apparatus in accordance with some 

embodiments of the present invention. Elements in Figure 5 that are identical to 

those previously discussed are labeled with the same reference numerals as used in 

the prior Figures. 
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[0039] As shown in Figure 5, in some embodiments, a temperature control 

apparatus 500 may be provided having a first heat transfer loop 502 and a second 

heat transfer loop 510. The first heat transfer loop 502 may include a first bath 204 

and a first flow controller 506. A first heat transfer fluid may be substantially 

maintained in the first bath 204 at a first temperature. The first flow controller 506 

may be coupled to the first bath 204 to selectively provide the first heat transfer fluid 

to the substrate support pedestal 116 at a flow rate of between O - 100 percent. 

[0040] The second heat transfer loop 51 O may include a second bath 212 and a 

second flow controller 514. A second heat transfer fluid may be substantially 

maintained in the second bath 212 at a second temperature. The second 

temperature may be the same or different than the first temperature. The second 

flow controller 514 may be coupled to the second bath 212 to selectively provide the 

second heat transfer fluid to the substrate support pedestal 116 at a flow rate of 

between O - 1 00 percent. 

[00411 The flow controllers 506, 514 may be any suitable flow control device, such 

as a flow splitter, a variable flow splitter, a mass flow controller, a valve, or the like, 

or any combinations thereof. In some embodiments, the flow controllers 506, 514 

may each comprise a mass flow controller and two valves, wherein one valve may 

be disposed between the mass flow controller and the bath, and the other valve may 

be disposed between the mass flow controller and the conduit 213. 

[00421 A conduit 213 is provided for coupling the first and second baths 204, 214 to 

the substrate support pedestal 116 via an inlet 215. A return line 217 may couple an 

outlet 216 of the substrate support pedestal 116 to the first and second baths 204, 

212 for returning the first and second heat transfer fluids to the first and second 

baths 204, 212. A first return line flow controller 503 and a second return line flow 

controller 504 may be disposed in the return line 217. The first return line flow 

controller 503 may couple the substrate support 116 to the first bath 204. The 

second return line flow controller 504 may couple the substrate support 116 to the 

second bath 212. The return line flow controllers 503, 504 may be any suitable flow 

control device, such as a mass flow controller, a valve, or the like, or combinations 
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thereof. In some embodiments, the first and second return line flow controllers 503, 

504 are valves. 

[00431 Returning to Figure 1, in some embodiments, to facilitate control of the 

process chamber 11 O and/or the temperature control apparatus 200 or the 

temperature control apparatus 300, as described above, the controller 140 may be 

one of any form of general-purpose computer processor that can be used in an 

industrial setting for controlling various chambers and sub-processors. The 

controller 140 may includes a memory 142, or computer-readable medium, a CPU 

144, and support circuits 146. The memory 142 may be one or more of readily 

available memory such as random access memory (RAM), read only memory 

(ROM), floppy disk, hard disk, or any other form of digital storage, local or remote. 

The support circuits 146 are coupled to the CPU 144 for supporting the processor in 

a conventional manner. These circuits include cache, power supplies, clock circuits, 

inpuUoutput circuitry and subsystems, and the like. The inventive methods for 

controlling the apparatus as described herein may generally stored in the memory 

142 as a software routine, which, when executed, may control the etch reactor 100 

to perform the inventive methods. The software routine may also be stored and/or 

executed by a second CPU (not shown) that is remotely located from the hardware 

being controlled by the CPU 144. 

[00441 Figure 4 depicts a method 400 for controlling the temperature of a 

substrate support in accordance with some embodiments of the present invention. 

The method 400 is described with reference to Figures 2-3. The method 400 may be 

performed in any suitable semiconductor process chamber having a substrate 

support and a temperature control apparatus, as described above. In some 

embodiments, the substrate support may be configured to have one inlet and one 

outlet with one channel disposed therethrough, wherein at least two heat transfer 

fluids may be flowed therethrough (as described above with respect to Figure 2). In 

some embodiments, the substrate support may have at least two or more inlets and 

at least two or more outlets. In some embodiments. the substrate support may 

further comprise at least two channels, wherein at least two heat transfer fluids may 
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remain separated when flowing therethrough (as described above with respect to 

Figure 3). 

[00451 The method 400 begins at 402, where at least one heat transfer fluid may 

be flowed to a substrate support (such as substrate support pedestal 116). In some 

embodiments, a first heat transfer fluid having a first temperature may be flowed 

from a first bath to the substrate support pedestal 116, as depicted at 404, and a 

second heat transfer fluid having a second temperature may be flowed from a 

second bath to the substrate support, as depicted at 406. In some embodiments, the 

first and second heat transfer fluids may be mixed prior to entering the substrate 

support. Alternatively, in some embodiments, the first and second heat transfer 

fluids may not be mixed prior to entering the substrate support and may be 

maintained separate from each other within the substrate support. 

[0046] In some embodiments, the flow rates of the first and second heat transfer 

fluids may be varied over time. The flow rates of either or both of the first and 

second heat transfer fluids may be varied between 0-100% of a maximum flow rate 

of the heat transfer apparatus described herein. For example, in some 

embodiments, the first and second temperatures may be the same, and the flow 

rates of the first and second heat transfer fluids may be different. This example may 

be applicable, for instance, for independently controlling the heating/cooling rate in 

different regions of the substrate support, such as, for example, an edge or a center 

of the substrate support. 

[0047] In some embodiments, the flow of the first and second heat transfer fluids 

(having the same or different temperatures) may be pulsed to control the 

temperature of the substrate support. Such pulsing may be defined by a duty-cycle 

including at least a first period of time wherein the flow of one or both of the first and 

second heat transfer fluids may be provided at a first rate of between O - 100 %, and 

a second period of time wherein the flow of one or both of the first and second heat 

transfer fluids may be provided at a second rate of between O - 100 %, the first and 

second rates being different. The pulsing may include periods of pulsing, as 

described above, that pulse both of the first and second heat transfer fluids together, 

pulse either one of the first and second heat transfer fluids separately, or alternately 

13 

IP-TEMP
Rectangle



WO 2009/155090 PCT/US2009/045629 

pulse between the first and second heat transfer fluids in each period. Each pulse 
may last for an equal or different period of time. The number of pulses may be 
varied as suitable to facilitate temperature control over a desired period of time (e.g., 
a desired processing time). Such pulsing may facilitate transferring heat to or from a 
substrate support to control the temperature of the substrate support to a desired 
temperature setpoint. 

[00481 For example, in some embodiments, it may be desired to rapidly cool the 
substrate support to a desired setpoint temperature. A heat transfer fluid at a 
temperature below the setpoint temperature may be supplied at a first flow rate for a 
first period of time. In some embodiments, as the temperature of the substrate 
support approaches the setpoint temperature, the flow rate of the heat transfer fluid 
may be stopped or lessened to a second flow rate, for a second period of time, and 
after the second period of time, the flow of the heat transfer fluid may be increased to 
back the first flow rate. 

[00491 Alternatively, the duty cycle may vary the flow rate of the heat transfer fluid 
(or fluids) as the temperature of the substrate support approaches the setpoint 
temperature. For example, in some embodiments, the flow rate may be continuously 
on, and the flow rate continually decreased as the temperature of the substrate 
support approaches the setpoint temperature. In some embodiments, the flow rate 
may be increased or decreased to maintain the temperature of the substrate support 
at the setpoint temperature. It is contemplated that combinations of these methods 
may also be utilized to advantageously control the temperature of a substrate 
support to a desired temperature setpoint. 

[0050] Next, at 408 the first and second heat transfer fluids exit the substrate 
support through one or more outlets and to return to the first and second baths via 
one or more return lines. In some embodiments, the first and second heat transfer 
fluids may exit the substrate support through one outlet and may be returned to the 
first and second baths via one return line. Alternatively, in some embodiments, the 
first and second heat transfer fluids may exit the substrate support through at least 
two outlets and may be returned to the first and second baths via at least two return 
lines. 
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[0051] Thus, embodiments of methods and apparatus for controlling the 

temperature of a substrate support have been provided herein. The inventive 

methods and apparatus may facilitate rapid change of temperature of a substrate 

support pedestal (and a substrate disposed thereon) during a process. The 

inventive methods and apparatus thus may facilitate faster changes between 

process steps having varying temperature requirements. Moreover, the inventive 

methods may enable individual process steps to involve changes of temperature due 

to the decreased response time necessary to change the temperature of the 

substrate support. 

[0052] While the foregoing is directed to embodiments of the present invention, 

other and further embodiments of the invention may be devised without departing 

from the basic scope thereof, and the scope thereof is determined by the claims that 

follow. 
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What is claimed is: 

1. An apparatus for controlling the temperature of a substrate support, 
comprising: 

a first heat transfer loop having a first bath with a first heat transfer fluid at a 
first temperature with a first flow controller for providing the first heat transfer fluid to 
a substrate support; 

a second heat transfer loop having a second bath with a second heat transfer 
fluid at a second temperature with a second flow controller for providing the second 
heat transfer fluid to the substrate support; and 

one or more return lines coupling one or more outlets of the substrate support 
to the first and second baths for returning the first and second heat transfer fluids to 
the first and second baths. 

2. The apparatus of claim 1, wherein the first temperature is not equal to the 
second temperature. 

3. The apparatus of any of claims 1-2, wherein the first and second heat transfer 
fluids are mixed, prior to entering the substrate support, in a conduit having a 
temperature sensor coupled thereto. 

4. The apparatus of claim 3, wherein the first and second heat transfer fluids are 
mixed in a conduit prior to entering the substrate support, and wherein the one or 
more return lines is one return line coupling the substrate support and the first and 
second baths. 

5. The apparatus of claim 4, further comprising: 

a return line flow controller disposed in the return line. 

6. The apparatus of claim 5, further comprising: 

a controller coupled to the return line flow controller for monitoring the fluid 
level inside at least one of the first or second baths. 
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7. The apparatus of claim 4, further comprising: 

a first return line flow controller disposed in the return line to control flow of the 

heat transfer fluid flowing from the return line to the first bath; and 

a second return line flow controller disposed in the return line to control flow of 

heat transfer fluid flowing from the return line to the second bath. 

8. The apparatus of any of claims 1-2, further comprising: 

a first intermediate flow controller disposed between the first bath and the first 

flow controller, the first intermediate flow controller comprising a flow splitter for 

splitting a flow of the first heat transfer fluid between the first flow controller and the 

first bath, wherein the first flow controller comprises a flow splitter for splitting the 

flow of the first heat transfer fluid between the substrate support and the first bath; 

and 

a second intermediate flow controller disposed between the second bath and 

the second flow controller, the second intermediate flow controller comprising a flow 

splitter for splitting a flow of the second heat transfer fluid between the second flow 

controller and the second bath, wherein the second flow controller comprises a flow 

splitter for splitting the flow of the second heat transfer fluid between the substrate 

support and the second bath. 

9. The apparatus of any of claims 1-2, wherein the first and second heat transfer 

fluids do not mix upon entering the substrate support, and wherein the one or more 

return lines comprises a first return line coupling the substrate support to the first 

bath, and a second return line coupling the substrate support to the second bath. 

10. The apparatus of claim 9, wherein the first flow controller of the first heat 

transfer loop comprises a flow splitter for splitting the flow of the first heat transfer 

fluid between the substrate support and the first bath, and wherein the second flow 

controller of the second heat transfer loop comprises a flow splitter for splitting the 

flow of the second heat transfer fluid between the substrate support and the second 

bath. 
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11. A method for controlling a temperature of a substrate support comprising: 

flowing a first heat transfer fluid having a first temperature from a first bath to 

a substrate support; 

flowing a second heat transfer fluid having a second temperature from a 

second bath to a substrate support; and 

returning the first and second heat transfer fluids to the first and second baths. 

12. The method of claim 11, wherein the first temperature is not equal to the 

second temperature. 

13. The method of any of claims 11-12, further comprising: 

mixing the first and second heat transfer fluids prior to entering the substrate 

support; and 

returning the mixed first and second heat transfer fluids to the first and second 

baths. 

14. The method of any of claims 11-12, further comprising: 

splitting a flow of the first heat transfer fluid to provide a portion of the flow of 

the first heat transfer fluid to the substrate support and to return a remainder of the 

flow of the first heat transfer fluid to the first bath; and 

splitting a flow of the second heat transfer fluid to provide a portion of the flow 

of the second heat transfer fluid to the substrate support and to return a remainder of 

the flow of the second heat transfer fluid to the second bath. 

15. The method of any of claims 11-12, further comprising: 

flowing the first and second heat transfer fluids, wherein the first and second 

heat transfer fluids are not mixed. 
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