
SPECIFICATION 

TITLE OF INVENTION 

METHOD AND APPARATUS FOR CONTROLLING SPATIAL TEMPERATURE 
DISTRIBUTION 

CROSS-REFERENCES 

[0001] This is a continuation-in-part of U.S. Patent Application Serial No. 

10/062,395, filed February 1,2002, which is, in turn, a continuation-in-part of U.S. Patent 
Application serial No. 09/846,432, filed April 30,2001, in the name of inventors Neil 

Benjamin and Robert Steger, entitled "Method and Apparatus for controlling the spatial 

temperature distribution across the surface of a workpiece support", commonly assigned 

herewith. 

FIELD OF THE INVENTION 
[0002] The present invention relates to substrate support. More particularly, the 

present invention relates to a method and apparatus for achieving uniform temperature 

distribution within a substrate during plasma processing. 

BACKGROUND OF THE INVENTION 
[0003] A typical plasma etching apparatus comprises a reactor in which there is a 
chamber through which reactive gas or gases flow. Within the chamber, the gases are 

ionized into a plasma, typically by radio frequency energy. The highly reactive ions of the 

plasma gas are able to react with material, such as a: polymer mask on a surface of a 

semiconductor wafer being processed into integrated circuits (IC's). Prior to etching, the 
wafer is placed in the chamber and held in proper position by a chuck or holder which 

exposes a top surface of the wafer to the plasma. There are several types of chuck's (also 
sometimes called susceptors) known in the art. The chuck provides an isotheimal surface 

and serves as a heat sink for the wafer removing heat imparted to the wafer by the plasma. 

In one type of chuck, a semiconductor wafer is held in place for etching by mechanical 

clamping means. In another type of chuck, a semiconductor wafer is held in place by 
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electrostatic force generated by an electric field between the chuck and wafer. The present 

invention is applicable to both these types of chucks. 

[0004] In a typical plasma etching operation, the reactive ions of the plasma gas 

chemically react with portions of material on a face of the semiconductor wafer. Some 
processes cause some degree of heating of the wafer, but most of the heating is caused by 

the plasma. The reaction between the plasma (ions and radicals) and wafer material, on the 

other hand, is accelerated to some degree by the temperature rise of the wafer. Local wafer 

temperature and rate of reaction at each microscopic point on the wafer are related to an 
extent that harmful unevenness in etching of material over a face of the wafer can easily 

result if the temperature of the wafer across its area varies too much. Ih most cases, it is 

highly desirable that etching be uniform to a nearly perfect degree since otherwise the 

integrated circuit devices (ICs) being fabricated will have electronic characteristics that 
deviate from the norm more than is desirable. Furthermore, with each increase in the size of 

wafer diameter, the problem of ensuring uniformity of each batch of ICs from larger and 

larger wafers becomes more difficult. In some other cases, it would be desirable to be able 

to control the surface temperature of the wafer to obtain a custom profile. 

[0005] The problem of temperature rise of a wafer during reactive ion etching (RIE) 

is well known, and various attempts in the past to control the temperature of a wafer during 
RIE have been tried. FIG. 1 illustrates one way to control wafer temperature during RIE. A 

coolant gas (such as helium) is admitted at a single pressure within a single thin space 102 

between the bottom of the wafer 104 and the top of the chuck 106 which holds the wafer 

104. 

[0006] There is generally no o-ring or other edge seal at the chuck perimeter except 

for a smooth sealing land extending from about 1 to about 5 mm at the outer edge of the 
chuck 106 in order to reduce coolant leakage. Inevitably, without any elastomer seal there is 

significant and progressive pressure loss across the sealing land, such that the edge of the 
wafer 104 may be inadequately cooled. The heat flux 108 impinging near the edge of the 

wafer 104 must therefore flow significantly radially inward before it can effectively be 
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conducted away to the chuck. The arrows 106 on top of the wafer 104 illustrate the 
incoming flux heating the wafer 104. The flow of the heat in the wafer 104 is illustrated 

with the arrows 110. This explains why the edge zone of the chuck always tends to be hotter 
than the rest of the surface. FIG. 2 illustrates a typical temperature distribution on the wafer 

104. The pressure loss at the peripheral portions of the wafer 104 causes the wafer 104 to be 

much hotter at the peripheral portions. 

[0007] One way of dealing with the need for zone cooling is to vary the surface 

roughness or to cut a relief pattern to effectively change the local contact area. Such a 
scheme can be used without backside coolant gas at all, in which case the contact area, 
surface roughness, and clamp force determine the heat transfer. However the local contact 

area can only be adjusted by re-machining the chuck. Another way of dealing with the need 
for zone cooling is to use coolant gas whose pressure is varied to increase and fine tune 

thermal transport. However the relief pattern is still substantially fixed. By dividing the 
surface of the chuck into different zones, with or without small sealing lands as dividers, and 
supplying separate cooling gasses to each zone, a greater degree of independent spatial 
control may be achieved. The gas supply to each zone may have different composition or be 

set to a different pressure, thus varying the thermal conduction. Each zone's operating 

conditions may be set under recipe control, or even dynamically stabilized during each 
process step. Such schemes depend on redistributing the incoming heat flux from the 

plasma and extracting it into different regions. This is relatively effective at high power flux 
but will only give small temperature differentials at lower power flux. For instance, with 

about 1W per cm2 of uniform flux and about 3mm sealing land, it is possible to get center to 
edge thermal gradients that lead to a 10°C to 30°C temperature increase near the wafer 

periphery. Thermal gradients of this magnitude can be very effective as a process control 

parameter. However, other processes may run at low power, for instance poly gate 

processes, may have a flux of only 0.2W per cm2. Unless the average conduction is made 

extremely low, which is very difficult to control and tends to result in inadequate overall 

cooling, then there will be only a very small differential of typically less than 5°C. 
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[0008] Accordingly, a need exists for a method and apparatus for controlling the 

temperature of semiconductor wafers during reactive ion etching and similar processes 
without requiring significant plasma heat flux. A primary purpose of the present invention 

is to solve these needs and provide further, related advantages. 
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BRIEF DESCRIPTION OF THE INVENTION 
[0009] A chuck for a plasma processor comprises a temperature-controlled base, a 
thermal insulator, a flat support, and a heater. The temperature-controlled base is controlled 

in operation a temperature below the desired temperature of a workpiece. The thermal 

insulator is disposed over at least a portion of the temperature-controlled base. The flat 

support holds a workpiece and is disposed over the thermal insulator. A heater is embedded 

within the flat support and/or mounted to an underside of the flat support. The heater 
includes a plurality of heating elements that heat a plurality of corresponding heating zones. 

The power supplied and/or temperature of each heating element is controlled independently. 
The heater and flat support have a combined temperature rate change of at least 1°C per 

second. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] The accompanying drawings, which are incorporated into and constitute a 

part of this specification, illustrate one or more embodiments of the present invention and, 

together with the detailed description, serve to explain the principles and implementations of 

the invention. 
[0011] In the drawings: 

FIG. 1 is a schematic elevational diagram of a support holding a wafer under 

process in accordance with the prior art; 

FIG. 2 is a plot illustrating the temperature of a wafer and the pressure of a 

coolant in the apparatus of FIG. 1 in accordance with the prior art; 

FIG. 3 is a schematic elevational diagram illustrating an apparatus for 
controlling the temperature of a workpiece in accordance with one embodiment of the 

present invention; 
FIG. 4 illustrates a simplified schematic of thermal flow dynamic in the 

apparatus of FIG. 3; 
FIG. 5 is a schematic elevational diagram illustrating an apparatus for 

controlling the temperature of a workpiece in accordance with another embodiment of the 
present invention; 

FIG. 6 is a flow diagram illustrating a method for controlling the temperature 

of a chuck during etching in accordance with one embodiment of the present invention; and 
FIG. 7 is a schematic diagram of a system for controlling the temperature of a 

chuck in accordance with one embodiment of the present invention. 
FIG. 8 is a schematic diagram illustrating an example of a wafer support have 

two spatial regional zones in accordance with one embodiment of the present invention. 
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DETAILED DESCRIPTION 
[0012] Embodiments of the present invention are described herein in the context of a 

workpiece support. Those of ordinary skill in the art will realize that the following detailed 
description of the present invention is illustrative only and is not intended to be in any way 

limiting. Other embodiments of the present invention will readily suggest themselves to 
such skilled persons having the benefit of this disclosure. Reference will now be made in 

detail to implementations of the present invention as illustrated in the accompanying 

drawings. The same reference indicators will be used throughout the drawings and the 
following detailed description to refer to the same or like parts. 

[0013] In the interest of clarity, not all of the routine features of the implementations 
described herein are shown and described. It will, of course, be appreciated that in the 

development of any such actual implementation, numerous implementation-specific 
decisions must be made in order to achieve the developer's specific goals, such as 
compliance with application- and business-related constraints, and that these specific goals 

will vary from one implementation to another and from one developer to another. 

Moreover, it will be appreciated that such a development effort might be complex and time-
consuming, but would nevertheless be a routine undertaking of engineering for those of 

ordinary skill in the art having the benefit of this disclosure. 

[0014] The apparatus of the present invention seeks to achieve precise significant 
thermal differential control, for example over 5°C, but without requiring significant plasma 

heat flux, for example less than 2W per cm2. FIG. 3 is a schematic elevational diagram 

illustrating an apparatus for controlling the temperature of a workpiece in accordance with 

one embodiment of the present invention. A temperature-controlled base 302 or a heat 
exchanger has a constant temperature below the desired temperature of a wafer 310. The 

base 302 supports a thermal insulator 304. A support 306, preferably flat, is mounted on top 

of the thermal insulator 304. A heater 308 is, embedded in the support 306. A wafer 310 is 

disposed on top of the support 306. A thermal conductor 312 provides an intimate thermal 

contact between the support 306 and the wafer 310. The thermal conductor 312 may be 

preferably a gas, such as helium. The pressure of the helium controls the thermal . 
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conduction between the wafer 310 and the support 306. However, the thermal conductivity 

of the thermal conductor 312 may be less pressure sensitive at higher pressure such as 20 or 

30 Torr. 

[0015] In one embodiment, the base 302 comprises a metallic material, preferably an 

aluminum base cold plate, that is maintained at a relatively constant temperature and is held 

in operation at a laterally uniform temperature through a conventional heat exchange system 

such as a cooling/heating fluid loop. In another embodiment, the base 302 may also 

comprise a non-metallic material, such as aluminum nitrate. However, the base 302 must be 

chilled to a greater extent than in standard operation without the heater 308. For example, 
the temperature of the base 302 maybe 10°C to 50°C below the desired temperature of the 

wafer 310. The base 302 also provides a thermal sink for plasma heating. An external 

coolant chiller (not shown) may be used to maintain the temperature of the base 302. 
Preferably, the amount of heat removed by the external coolant chiller and the temperature 

of the coolant may be limited to less than 2000W and -20°C, respectively. The greater 

capacity of the chiller side helps with the thermal response - it may be more economically 

practical to limit one to two kW operation. The base 302 further have several holes or 
cavities (not shown) through which heater power lines 314 or other service lines are 

disposed. Such service lines 314 may comprise power lines for the heater, sensors, high 

voltage electrostatic clamping, gas feed, and wafer lifting. Those of ordinary skill in the art 

will now recognize that the service lines are not limited to the ones previously cited. 

[0016] In one embodiment, the thermal insulator 304 acts as a significant thermal 

impedance break between the support 306 and the base 302. The thermal insulator 304 may 

comprise a thick RTV bonding adhesive layer, or be made of polymer, plastic, or ceramic. 

However, the thermal impedance break of the thermal insulator 304 cannot be too excessive 

otherwise the wafer 310 will be insufficiently cooled. For example, the thermal insulator 

may for example have a thermal conductivity of a range of about 0.05W/mK to about 

0.20W/mK. The thermal insulator 304 in this case both acts as a thermal resistive element 
and a bond between the support 306 and the base 302. Furthermore, the thermal insulator 

304 must be such that adequate RF coupling between the plasma and the base 302 is 
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maintained. Also, the thermal insulator 304 must tolerate significant thermal-mechanical 
shear due to different materials and temperatures located above and below the layer. 

Thermal insulator 304 may further incorporate several cavities or vias (not shown) 
contiguous to the cavities of the base 302 for housing parts of the heater power lines 314 and 

other service lines. 

[0017] In one embodiment, the support 306 comprises a ceramic material. The 
ceramic may be a non-electrically conductive material, such as, for example, the ceramic 

alumina. The shape of the support 306 may preferably include a conventional disk 
commonly used in plasma etching systems. The support 306 may be a conventional 

electrostatic chuck or may be a ceramic having a mechanical clamp for holding down the 

wafer 310. According to another embodiment, the support 306 construction is of a "thin 

disk bonded to a base" type, otherwise the lateral conduction may be so high that the heater 
input will be spread laterally resulting in an ineffective zone separation. The support 306 

should allow the heat to dissipate locally. 

[0018] The heater 308 comprises at least one resistive heating element. According 
to one embodiment, the heater 308 maybe embedded in the support 306 below the clamp 

electrode plane and be shaped in any desirable pattern, for example, symmetrical or 
arbitrary. The heater 308 may also include one or more planar heating elements. Each 

heating element defines a heating zone or region that may be controlled independently. The 

multi-zone pattern has one or more planar heating elements acting in opposition to the 

conduction cooling to the support 306. The temperature rate change caused by the heater 
308 to the support 306 may be at least 1°C per second. 

[0019] At least one sensor 309 associated with each heating zone may measure the 

temperature of each heating zone and send a signal to a controller or computer system (see 
FIG. 7) to monitor and control each individual planar heating element. For example, the 

sensor may be an infrared emission sensor or thermo-couple sensor that can be mounted 
either through ports to read directly from the wafer 310. The sensors 309 can also be 
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mounted within or to the back of the support 306. The heater 308 may be powered by power 
lines 312 disposed through openings 314 in the thermal insulator 304 and the base 302. 

[0020] In one embodiment, heater 308 comprises an inductive heater. In another 

embodiment, heater 308 comprises a heating lamp, such as a krypton or quartz lamp. 

According to yet another embodiment, heater 308 comprises thermoelectric modules that 

can cool or heat. With thermoelectric modules, a base and a thermal break may be optional. 

Those of ordinary skill in the art will now recognize that many other ways exists to heat 
support 306. 

[0021] FIG. 4 illustrates a simplified schematic of thermal flow dynamic in the 

apparatus of FIG. 3. The incoming plasma heat flux Q1 contributes to the temperature T1 

on the surface of the wafer 310. Heater 308 provides additional heat flux Q3 to the wafer 
support 306 and thereby to the wafer 310. The flux Q2 exiting the system through the 

support 306 and thermal insulator 304 to the cooled base 302 is approximately equal to both 
incoming flux Q1 and Q3. Therefore: 

Q1 + Q3 ~Q2 

[0022] By definition, the sum of the temperature T1 of the wafer 310 and the 
differential temperature AT through the thermal insulator 304 is equal to the temperature T2 

of the cooled base 302: 
T2 = T1 + AT 

[0023] It should be noted that AT is defined by the thermal conductivity of the 

thermal insulator 304. The additional heat flux Q3, which is produced by heater 308, thus 

controls AT. Therefore, the power supplied to the heater 308 can be adjusted so as to 

produce a desired temperature T1 on the surface of the wafer for a range of Ql. 

[0024] Preferably, the temperature of the base 302 is set to produce an exiting flux 

Q2 of approximately half of the maximum incoming flux of Q3 when there are no incoming 

flux Ql and the maximum flux of Q3 is approximately equal to the maximum flux of Ql: 
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Q2 Q3max 

when Ql = 0 and Q3max —Qlmax 

hi this preferred scheme, the range over which the temperature T1 of the wafer 310 can be 

varied is maximized. That is, the local temperature of the wafer can be adjusted by 

controlling the heating power of the heater 308 in a multizone heating pattern scheme. 
According to one embodiment, the temperature of the base 302 is controlled to about 20°C 

cooler than a conventional apparatus in which the sum of the maximum value of Ql and the 

maximum value of Q3 is equal to the maximum value of Q2. 

[0025] FIG. 5 illustrates another embodiment of the chuck. A chuck for a plasma 
processor has a temperature-controlled base 502 having a temperature below the desired 

temperature of a wafer 504. A layer of thermal insulation material 506 is disposed over the 

base 502. A flat support 508 used for holding the wafer 504 is disposed on top of the layer 
of thermal insulation material 506. A heater 510 is mounted to an underside of the flat 

support 508. The base 502 and layer 506 of thermal insulation material may further include 
holes or cavities (not shown) through which heater power lines 514 or other service lines are 

disposed. Such service lines 514 may comprise power lines for the heater, sensors, high 

voltage electrostatic clamping. Those of ordinary skills in the art will recognize that the 

service lines are not limited to the ones previously cited. 

[0026] The heater 510 may be powered by power lines 312 disposed through 
openings 514 in the thermal insulator 506 and the base 502. The heater 510 includes at least 

one resistive heating element. According to one embodiment, the heater 510 may be 

mounted to an underside of the support 508 and be shaped in any desirable pattern, for 

example, symmetrical or arbitrary. (See FIG. 8 for example). The heater 510 may include 

one or more planar heating elements. Each heating element may define a heating zone or 

region that may be controlled independently. The multi-zone pattern has one or more planar 

heating elements acting in opposition to the conduction cooling to the support 508. 
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[0027] At least one sensor 516 associated with each heating zone may measure the 
temperature of each heating zone and send a signal to a controller or computer system (see 

FIG. 7) to monitor and control each individual planar heating element. For example, the 

sensor may be an infrared emission sensor or thermo-couple sensor that can be mounted 

either through ports to read directly from the wafer 504. The sensors 516 may be embedded 

within the support 508. 

[0028] FIG. 8 illustrates an example of a support 508 having dual heating region: 

inner region 802 and outer region 804. Each region may be independently heated by its own 
set of heaters (not shown). Those of ordinary skills in the art will recognize that the support 

may includes regions geometrically defined in many other ways. 

[0029] The increased complexity of semiconductor devices has engendered the use 

of multistep processes wherein a single etch recipe includes multiple steps that are used to 
vary the etching conditions as the etching process proceeds. Multistep etching processes are 

used, for example, where a photoresist mask is used to etch a nitrite layer which is in turn 

used as an etching mask for sub-sequent layers. Additionally, the etching of particular 

layers is enhanced with processing conditions which change during the execution of the 
etch. In particular, it is often desirable to execute one portion of the etching process at an 
initial temperature and subsequently change the temperature in later steps within this recipe 

so as to provide optimum etching conditions for the particular layer being etched. 

[0030] It is known that some etching process conditions are far more temperature 

sensitive than other process conditions and as such, it is desirable to be able to alter the 

wafer temperature step-by-step within an etch recipe, either to compensate for or to utilize, 

this temperature sensitivity of the etching process. For example, the relative etch rates 

vertically and laterally differ with temperature under some processing conditions, and this 

effect can be used to alter that tapered angle of the etch by altering the wafer temperature as 

the etching process progresses. 
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[0031] Under some processing conditions, the local concentration of reactance varies 

across the wafer such that the lateral etch rate varies across the wafer as well. This leads to 

variations in the etched feature dimensions across the wafer, which is generally undesirable. 

It has been observed that by using the temperature sensitivity of the lateral etch rate it is 

possible to induce a radial temperature gradient by altering the wafer support zone 
temperatures so as to induce a radial temperature gradient and thereby compensate for this 

variation in the local reactant concentration, producing conditions that result in constant 

feature dimensions across the entire wafer. 

[0032] In the case where multiple layers are to be etched, it may be necessary to alter 
the radial temperature profile on a step-by-step basis as well as within a given step, 

depending upon the necessity to maintain feature dimensions across the wafer and/or to 

produce tapering within the layers. Thus, when a multizone temperature-controlled wafer 
support is used under conditions wherein the zones are operated at different temperatures, 

and a multistep recipe is employed which alters the process conditions during the etch, it is 
often necessary to also alter the temperature of the temperature-controlled wafer support 
zones in order to account for or to utilize the differing temperature sensitivity of the different 
etching conditions. 

[0033] The duration of typical etching recipes is from approximately 20 seconds to 

approximately two minutes, and a typical recipe will have several steps within the recipe. 
As such, it is necessary to be able to alter a wafer support zone temperature within a few 

seconds for multistep temperature control. In most cases of interest, these temperature 

changes within a recipe are less than approximately 10° C. It is therefore desirable to be 
able to change zone temperatures at a rate of approximately 0.3° C per second, and 

preferably to be able to change zone temperatures at a rate of 1° C/sec or faster. 

[0034] For the case of the ceramic ESC having the embedded heater as described in 

FIG. 3, the basic design criteria for a fast ESC is that the thermal mass of the ceramic ESC 
be small and that the heater power density be large. It is also desirable that the thermal 

resistance of the thermal layer 304 below the ESC have relatively low thermal conductivity. 
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Thus, the thickness of the ESC, the heater power density, and the thermal resistance are 
selected so as to permit temperature changes faster than about 1 °C/sec. 

[0035] FIG. 6 illustrates a flow diagram implementing the above solution by 
spatially but also temporally controlling the temperature of each region of a flat support 
during an etching process. In particular, FIG. 6 also illustrates a method for processing a 

wafer during an etching process. At 602, a base is provided. The base is maintained at a 
constant temperature that is below the temperature of the wafer to be processed. As 

previously described, a layer of thermal insulation material is mounted on top of the base. 

At 604, the wafer is held against a top face of a flat support which includes distinct spatial 

regions. As previously described, the flat support is mounted on top of the layer of thermal 
insulation material. At 606, each spatial region of said flat support is independently heated 

to an initial temperature with at least one heater mounted to an underside of the flat support 
or embedded within the flat support. The initial temperature for each region may differ from 

one another. At 608, the temperature of at least one spatial region of the flat support during 
the etching process is altered to another temperature at a rate of at least 1°C per second. The 

final temperature for each region may differ from one another. 

[0036] In accordance with another embodiment, the temperature of each spatial 

region may be further monitored with a sensor placed inside each spatial region. The signal 
generated by the sensors may be used to adjust the temperature of each spatial region by 

changing the power supplied to the heaters. 

[0037] FIG. 7 is a schematic diagram of a system for controlling the temperature of a 

chuck in accordance with one embodiment of the present invention. A user 702 may define 
a set of parameters to a computer 704. Such set of parameters may be, for example, the 

desired temperature of a first zone on the chuck, the desired temperature of a second zone on 

the chuck. Those of ordinary skills in the art will recognize that the chuck may have one or 

more zones. The computer 704 communicates with a storage component 706 storing the 

algorithm of FIG. 6, inputs and outputs of computer 704. A first set of sensors 708 

measures the first zone on the chuck. A second set of sensors 710 measures the second zone 
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on the chuck. Based on the temperature measurement of the first set of sensors 708, 

computer 704 sends controls to the first set of heating elements 712 to adjust the temperature 

of the first zone on the chuck. Based on the temperature measurement of the second set of 

sensors 710, computer 704 sends controls to the second set of heating elements 714 to adjust 

the temperature of the second zone on the chuck. 

[0038] These generalized methods for controlling the temperature profile of a wafer 

on an electrostatic chuck are not only suited to application in a Inductive Coupled Plasma 

(ICP) processing machine, but also in any other system application, especially one that 
requires a low plasma power flux to the wafer. This technique may be applied to any other 
applications where a need to produce thermal grading exists. 

[0039] While embodiments and applications of this invention have been shown and 

described, it would be apparent to those skilled in the art having the benefit of this disclosure 

that many more modifications than mentioned above are possible without departing from the 
inventive concepts herein. The invention, therefore, is not to be restricted except in the 
spirit of the appended claims. 
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CLAIMS 

What is claimed is: 

1. A chuck for a plasma processor comprising: 
a temperature-controlled base having a temperature below the desired temperature of 

a workpiece; 

a layer of thermal insulation material disposed over said base; 

a flat support for holding said workpiece, said flat support disposed over said layer of 

thermal insulation material; and 
a heater coupled to an underside of said flat support, said heater including a plurality 

of planar heating elements corresponding to a plurality of heating regions in said flat 

support, 
wherein said heater has a temperature rate change of at least 1°C per second. 

2. The chuck of claim 1 wherein power applied to each planar heating element is 

controlled independently. 

3. The chuck of claim 1 further comprising a thermal conductor disposed between said 

flat support and said workpiece. 

4. The chuck of claim 1 wherein said temperature-controlled base is maintained at a 

constant temperature of less than 20°C. 

5. The chuck of claim 1 further comprising a plurality of sensors corresponding with 
said plurality of heating regions, each sensor measuring and sending a signal representative 

of the temperature of its corresponding heating region. 

6. The chuck of claim 5 further comprising a controller for receiving said signal from 

said sensor and for.adjusting the power of each planar heating element based on a set point 

for each heating region. 
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7. The chuck of claim 1 wherein said heater includes a plurality of electrically resistive 
heaters. 

8. The chuck of claim 1 wherein said heater includes a plurality of induction heaters. 

9. The chuck of claim 1 wherein said heater includes a plurality of heating lamps. 

10. The chuck of claim 1 wherein said heater includes a plurality of thermoelectric 
modules. 

11. The chuck of claim 1 wherein said flat support includes an electrostatic chuck. 

12. A chuck for a plasma processor comprising: 
a temperature-controlled base having a temperature below the desired temperature of 

a workpiece; 
a layer of thermal insulation material disposed over said base; 

a flat support for holding said workpiece, said flat support disposed over said layer of 

thermal insulation material; and 
a heater embedded within said flat support, said heater including a plurality of planar 

heating elements corresponding to a plurality of heating regions in said flat support, 

wherein the temperature of said heater and said flat support are adapted to be capable 
of change of at least 1°C per second. 

13. The chuck of claim 12 wherein the power of each planar heating element is 

controlled independently. 

14. The chuck of claim 12 further comprising a thermal conductor disposed between said 

flat support and said workpiece. 

15. The chuck of claim 12 wherein said temperature-controlled base is maintained at a 
constant temperature of less than 20°C. 
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16. The chuck of claim 12 further comprising a plurality of sensors corresponding with 
said plurality of heating regions, each sensor measuring and sending a signal representative 

of the temperature of its corresponding heating region. 

17. The chuck of claim 16 further comprising a controller for receiving said signal from 

said sensor and for adjusting the power of each planar heating element based on a set point 
for each heating region. 

18. The chuck of claim 16wherein said heater includes a plurality of electrically resistive 

heaters. 

19. The chuck of claim 16 wherein said heater includes a plurality of induction heaters. 

20. The chuck of claim 16 wherein said heater includes a plurality of heating lamps. 

21. The chuck of claim 16 wherein said heater includes a plurality of thermoelectric 

modules. 

22. The chuck of claim 16 wherein a thickness of said flat support, a power density of 

said heater, and a thermal resistance of said layer of insulation material permit a temperature 
change in said flat support of at least 1°C per second. 

23. The chuck of claim 16 wherein said flat support includes an electrostatic chuck. 

24. A method for controlling the spatial temperature across a workpiece comprising: 

providing a base maintained at a constant temperature, said constant temperature 

being below the temperature of the workpiece, said base having a layer of thermal insulation 

material mounted on top of said base; 
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holding the workpiece against a top face of a flat support having a plurality of spatial 

regions, said flat support mounted on top of said layer of thermal insulation material; 
independently heating each spatial region of said flat support with a plurality of 

heaters mounted to an underside of said flat support; and 

changing the temperature of at least one spatial region of said flat support during an 
etching process at a rate of at least 1°C per second. 

25. The method of claim 24 further comprising monitoring the temperature of said 

plurality of spatial regions with a sensor placed in each region. 

26. The method of claim 25 further comprising adjusting the temperature of each spatial 

region based on said monitoring. 

27. The method of claim 24 wherein said plurality of heaters includes a plurality of 

electrically resistive heaters. 

28. The method of claim 24 wherein said plurality of heaters includes a plurality of 

induction heaters. 

29. The method of claim 24 wherein said plurality of heaters includes a plurality of 

heating lamps. 

30. The method of claim 24 wherein said plurality of heaters includes a plurality of 

thermoelectric modules. 

31. A method for controlling the spatial temperature across a workpiece comprising: 
providing a base maintained at a constant temperature, said constant temperature 

being below the temperature of the workpiece, said base having a layer of thermal insulation 

material mounted on top of said base; 
holding the workpiece against a top face of a flat support having a plurality of spatial 

regions, said flat support mounted on top of said layer of thermal insulation material; 
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independently heating each spatial region of said flat support with a plurality of 

heaters embedded within said flat support; and 
changing the temperature of at least one spatial region of said flat support during an 

etching process at a rate of at least 1°C per second. 

32. The method of claim 31 further comprising monitoring the temperature of said 

plurality of spatial regions with a sensor placed in each region. 

33. The method of claim 32 further comprising adjusting the temperature of each spatial 

region based on said monitoring. 

34. The method of claim 31 wherein said plurality of heaters includes a plurality of 

electrically resistive heaters. 

35. The method of claim 31 wherein said plurality of heaters includes a plurality of 

induction heaters. 

36. The method of claim 31 wherein said plurality of heaters includes a plurality of 

heating lamps. 

37. The method of claim 31 wherein said plurality of heaters includes a plurality of 

thermoelectric modules. 

38. An apparatus for controlling the spatial temperature across a workpiece comprising: 

means for providing a base maintained at a constant temperature, said constant 
temperature being below the temperature of the workpiece, said base having a layer of 

thermal insulation material mounted on top of said base; 
means for holding the workpiece against a top face of a flat support having a 

plurality of spatial regions, said flat support mounted on top of said layer of thermal 

insulation material; 
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means for independently heating each spatial region of said flat support with a 
plurality of heaters mounted to an underside of said flat support; and 

means for changing the temperature of at least one spatial region of said flat support 
during an etching process at a rate of at least 1°C per second. 

39. An apparatus for controlling the spatial temperature across a workpiece comprising: 

means for providing a base maintained at a constant temperature, said constant 

temperature being below the temperature of the workpiece, said base having a layer of 
thermal insulation material mounted on top of said base; 

means for holding the workpiece against a top face of a flat support having a 

plurality of spatial regions, said flat support mounted on top of said layer of thermal 
insulation material; 

means for independently heating each spatial region of said flat support with a 

plurality of heaters embedded within said flat support; and 
means for changing the temperature of at least one spatial region of said flat support 

during an etching process at a rate of at least 1°C per second. 

40. A workpiece chuck assembly for a plasma processor, the chuck comprising: 

a single-piece base element thermally separated by at least one lateral thermal break 
into at least two portions, including at least a first portion and a second portion; and 

a wafer support element disposed over the first portion and the second portion, the 
wafer support including at least a first thermal element configured to affect the temperature 
of the workpiece disposed above the first portion of the base and a second thermal element 

configured to affect the temperature of the workpiece disposed above the second portion of 

the base. 

41. The chuck assembly according to claim 40, wherein said first thermal element and 

said second thermal element are substantially flat. 

42. The chuck assembly according to claim 40, wherein said first thermal element and 

said second thermal element are disposed in the shape of a coil. 
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43. The chuck assembly according to claim 40, wherein said first thermal element 

includes a plurality of serially-connected resistive elements. 

44. The chuck assembly of claim 40, further comprising an insulator disposed between 

the base element and the wafer support element. 

45. The chuck assembly of claim 40, further comprising a thermally conductive medium 

disposed over the wafer support element. 

46. The chuck assembly of claim 40, wherein the wafer support element further 
comprises a first temperature sensor disposed above the first portion of the base and a 

second temperature sensor disposed above the second portion of the base. 

47. The chuck assembly of claim 46, further comprising a controller responsive to said 
first and second temperature sensors and configured to control temperature in the first and 

second portions of the base. 

48. The chuck assembly of claim 40, wherein said first thermal element comprises 

thermoelectric modules configured to heat or to cool. 

49. A workpiece chuck assembly for a plasma processor, the chuck comprising: 

a single-piece base element thermally separated by a vertically disposed lateral 

thermal break into at least two disk-shaped portions, including at least an inner disk-shaped 

portion and an outer disk-shaped portion; and 
r 

a wafer support element disposed over the inner and outer disk-shaped portions, the 

wafer support element including at least a first thermal element configured to affect the 

temperature of the workpiece disposed above the inner disk-shaped portion and a second 

thermal element configured to affect the temperature of the workpiece disposed above the 

outer disk-shaped portion. 
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50. The chuck assembly of claim 49, wherein at least one of the thermal elements is in 
the shape of a coil 

51. The chuck assembly of claim 49, wherein at least one of the thermal elements 

includes a plurality of serially-connected resistive elements. 

52. The chuck assembly of claim 49, further comprising an insulator disposed between 

the base element and the wafer support element. 

53. The chuck assembly of claim 49, further comprising a thermally conductive medium 

disposed over the wafer support element. 

54. The chuck assembly of claim 49, wherein at least one of the thermal elements 
comprises a thermoelectric module configured to heat or to cool. 

55. The chuck assembly of claim 49, wherein the wafer support element further 

comprises a first temperature sensor disposed above the first portion of the base and a 
second temperature sensor disposed above the second portion of the base. 

56. The chuck assembly of claim 55, further comprising a controller responsive to said 
first and second temperature sensors and configured to control temperature in the first and 

second portions of the base. 
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