CLAIMS
What is claimed is:
1. A chuck for a plasma procéssor comprising:
a temperature-controlled base having a temperature beloy the desired temperature of
a workpiece;
a layer of thermal insulation material disposed over sfid base;
a flat support for holding said workpiece, said flat ghpport disposed over said layer of
thermal insulation material; and 7 / |
a heater coupled to an underside of said flat support, said heater including a plurality
of planar heating elements corresponding to a pluraliffy of heating regions in said flat
support, ‘ |

wherein said heater has a temperature ratefchange of at least 1°C per second.

2. The chuck of claim 1 wherein power g, .ph'ed to each planar heating element is

controlled independently.

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

flat support and said workpiece.

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

constant tempé;ramre of less than

5. The chuck of claim 1 flirther comprising a plurality of sensors corresponding with

said plurality of heating regj ns, each sensor measuring and sending a signal representative
of the temperature of its coi esponding heating regibn.

6. The chuck of cjhim 5 further comprising a controller for receiving said signal from
said sensor and for a jﬁsting 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 O£ electrically resistive

heaters.
8. The chuck of claim 1 wherein said heater includes a pluyality of induction heaters.
9. The chuck of claim 1 wherein said heater includes a lurality of heating lamps.

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

modules.

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

12. A chuck for a plasma processor comprising:

a temperature-controlled base having ‘temperature below the desired temperature of
a workpiece; ‘
a layer of thermal insulation materjal disposed over said base;

a flat support for holding séid wofkpiece, 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 eiements corresponding to £ plurality of heating regions in said flat support,
wherein the temperature g said heater and said flat support are adapted to be capableA

of change.of at least 1°C per seg hd.

13.  The chuck of claim ¥2 wherein the power of each planar heating element is

controlled independently. ,

14.  The chuck of cjim 12 fufther'comprising a thermal conductor disposed between said

flat support and said 'orkpiece.

15.  The chucl/ of claim 12 wherein said temperature-controlled base is maintained at a

constant temperature of less than 20°C.

17




16.  The chuck of claim 12 further comprising a plurality of sensors corresponding with

said plurality of heating regions, each sensor measuring and sendipg a signal representative

of the temperature of its corresponding heating region.

17.  The chuck of claim 16 further comprising a controllef for receiving said signal from
said sensor and for adjusting the power of each planar heatfng element based on a set point

for each heating region.

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

. heaters.

19. - The chuck of claim 16 wherein said heatfr includes a plurality of induction heaters.
20,  The chuck of claim 16 wherein said Yeater includes a plurality of heating lamps.

21. The chuck of claim 16 Whefein sgid heater includes a plurality of thermoelectric

modules.

22. The chuck of claim 16 whe £in a thickness of said flat support, a power density of -
said heater, and a thermal resistary & of said layer of insulation material permit a temperature

- ‘change in sald ﬂat support of aty east 1°C per second.

23. The chuck of élaim /6 wherein said flat support includes an electrostatic chuck.

24. A method for 'ntfolling the spatiai temperature across a workpiece comprising:
providing a bfse maintained at a constant temperature, said constant temperature

being below the tephperature of the workpiece, said base having a 1ayer of thermal insulation

material mountedfon top of said base;
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holding the workpiece against a top face of a flat support havifig a plurality of spatial
regions, said flat support mounted on top of said layer of thermal infulation material;

independently heating each spatial region of said flat suppprt with a plurality of
heaters mounted to an underside of said flat support; and '

changing the temperature of at least one spatial region Af said flat support during an

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

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

plurality of spatial regions with a sensor placed in eac

26.  The method of claim 25 further comprising Adjusting the temperéture 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 faid plurality of heaters includes a plurality of

induction heaters.

29.  The method of claim 24 whrein said plurality of heaters includes a plurality of -
heating lamps. . |
30.  Themethod of claim 24 wherein said plurality of heaters includes a plurality of
- thermoelectric modules, |
31, Amethod for copfrolling the spatial temperature across a workpiece comprising:

providing a basf maintained at a constant temperature, said constant temperature
being below the tem rature of the workpiece, said base having a layer of thermal insulation

material mounted oft top of said base;
vworkpiéce against a top face of a flat support having a plurality of spatial

regions, said flag support mounted on top of said layer of thermal insulation material;
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independently heating each spatial region of said flat support fvith 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 compn'sing monitorigg the temperature of said

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

33,  The method of claim 32 further comprising adjysting the temperature of each spatial

region based on said monitoring.

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

electrically resistive heaters.

35.  Themethod of claim 31 wherein said/plurality of heaters includes a plurality of

induction heaters.

- 36.  The method of claim 31 whereig 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

thermoeleétdc modules.

38.  An apparatﬁs forc trdlling the spatial temperature across a workpiece comprising:
means for providiig a base maintained at a constant temperature, said conétant
tefnperature being beloy the temperature Qf the workpiece, said base having a layer of
thermal insulation maferial mounted on top of said base; '
means for hgllding the workpiece against a top face of a flat support having a
plurality of spatia egions,'said flat support mounted on top of said layer of thermal

insulation mater}

20



means for independently heating each spatial region of said flafsupport with a
plurality of heaters mounted to an underside of said flat support; and/
means for changing the temperature of at least one spatial r¢gion of said flat support

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

39.  Anapparatus for controllmg the spatial temperature agfoss a workpiece comprising:

means for providing a base maintained at a constant femperature, said constant
temperature being below the temperature of the workpiecgf 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 indeperidently heating each spafial region of said flat support with a
phlurality of heaters embedded within said flat s .'pport' and

 means for changing the temperature of at least one spatlal regmn of said flat support

during an etchmg process at a rate of at leas; 1°C per second.

40. A Workpiecé chuck assembly foy 2 i)lasma processo_f, the chuck comprising:

a single-piece base element thefr ally sepafated by at least one lateral thermal break
into at least two portions, including 3 'ieast a first portion and a second portion; and

a wafer support element dig osed over the first portion and the second portion, the
‘wafer suppbrt including at least irst thermal element configured to affect the temperature
of the workpiece disposed aboy, /& ] ‘the ﬁrst portien of the base and a second thermal element

configured to affect the tempgfature.of the workplece disposed above the second portion of

41.  The chuck asse ly accordmg to claim 40, wherein said first thermal element and

said second thermal el ment are substantlally flat.

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

fal element are disposed in the shape of a coil.
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43, The chuck assembly according to claim 40, wherein said firsf/thermal element
includes a plurality of serially-connected resistive elements.
44. - The chuck assembly of claim 40, further comprising an fnsulator disposed between

the base element and the wafer support element.

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

disposed over the wafer support element.

46.  The chuck assembly of claim 40, wlierein thg/wafer support element further
c‘om'prises a first temperature sensor disposed abovg the first portion of the base and a

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

47.  The chuck assembly of claim 46, furtifer comprising a controller responsive to said
first and second temperature sensors and cofifigured 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 4 heat or to cool.

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

a single-piece base elepfent thermally sepérated by a vertically disposed lateral
thermal break into at least twy ’rdisk-.shaped portions, including at least an inner disk-shaped
portion and an outei; disk-sj _apéd portion; and

| a wafer support elfment disposed over the inner and outer disk-shaped portions, the
wafer support eiement 1 ’cluding at least a first thermal element configured to affect the
temperature of the wo; cpiece disposed above the inner disk-shaped portion and a second
thermal element cogfiigured to affect the temperature of the workpiece disposed above the

outer disk-shaped fortion.
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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 compyising 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 0 heat or to cool.

55.  The chuck assembly of claim 49, wherein the wafer support element further
comprises a first temperature sensor dispoped above the first portion of the base and a

- second ,température‘ sensor disposed aboye the second portion of the base.

56.  The chuck aséembly of claim/55, further comprising a controller responsive to said -
first and second temperature.senso | and configured to control temperature in the first and

“second pdﬁioﬁs,of the base.
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Claims
What is claimed is:

1. A method for controlling the spatial temperature across a semiconductor wafer
during a multistep plasma etching process wherein wafer temperature 1s changed for the
particular layer being etched comprising: —

maintaining a base at a constant temperature, said constant temperature being
below the temperature of the wafer, said base having a layer of thermal insulation
material mounted on top of said base;

electrostatically clamping the wafer 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;

plasma etching a layer on the wafer under conditions such that local
concentration of reactants varies across the wafer;

independently heating each spatial region of said flat support with a plurality of
heaters mounted to an underside of said flat support so as to induce a radial temperature
gradient which compensates for the variation in the local concentration of the reactants;
and

changing the temperature of at least one spatial region of said flat support

during the multistep plasma etching process at a rate of at least 1°'C per second.

2. The method of claim 1 further comprising monitoring the temperature of said

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

3. The method of claim 2 further comprising adjusting the temperature of each

spatial region based on said monitoring.

4. The method of claim 1 wherein said plurality of heaters includes a plurality of

electrically resistive heaters.

5. The method of claim 1 wherein said multistep plasma etching process is carried

out for a time period of 20 seconds to 2 minutes.

6. The method of claim 1 wherein said multistep plasma etching process
comprises etching multiple layers and altering the fadial temperature profile on a step-

by-step basis and within each step of the multistep plasma etching process.
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7. The method of claim 1 wherein the temperature of one or more of the spatial
regions of said flat support during the multistep etching process is changed less than
10°C.

8. A method for controlling the spatial temperature across a semiconductor wafer
during a multistep plasma etching process wherein wafer temperature is changed for the
particular layer being etched comprising:

maintaining a base at a constant temperature, said constant temperature being
below the temperature of the wafer, said base having a layer of thermal insulation
material mounted on top of said base;

clectrostatically clamping the wafer 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;

plasma etching a layer on the wafer under conditions such that local
concentration of reactants varies across the wafer;

independently heating each spatial region of said flat support with a plurality of
heaters embedded within said flat support so as to induce a radial temperature gradient
which compensates for the variation in the local concentration of the reactants; and

changing the temperature of at least one spatial region of said flat support

during the multistep plasma etching process at a rate of at least 1 'C per second.

9. The method of claim 8 further comprising monitoring the temperature of said

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

10. The method of claim 9 further comprising adjusting the temperature of each

spatial region based on said monitoring.

11. The method of claim 8 wherein said plurality of heaters includes a plurality of

electrically resistive heaters.

12. The method of claim 8 wherein said multistep plasma etching process is carried

out for a time period of 20 seconds to 2 minutes.

13. The method of claim 8 wherein said multistep plasma etching process
comprises etching multiple layers and altering the radial temperature profile on a step-

‘by-step basis and within each step of the multistep plasma etching process.
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14. The method of claim 8 wherein the temperature of one or more of the spatial
regions of said flat support during the multistep etching process is changed less than
10TC.

I5. The method of claim 1, wherein heat flux impinging on the wafer from the

plasma is less than 2W/cm?.

16.- The method of claim 8, wherein heat flux impinging on the wafer from the

plasma is less than 2W/cm?.

17. The method of claim 1, wherein an outer edge of the wafer extends radially
outward from an outer edge of the flat support and heat flux impinging on the outer

edge of the wafer flows radially inward.

18. The method of claim 8, wherein an outer edge of the wafer extends radially
outward from an outer edge of the flat support and heat flux impinging on the outer

edge of the wafer flows radially inward.

19. The method of claim 1, wherein the layer of thermal insulation provides a
thermal impedance break between the base and the flat support, the layer of thermal

insulation having a thermal conductivity of 0.05 to 0.20 W/mK.

20. The method of claim 8, wherein the layer of thermal insulation provides a
thermal impedance break between the base and the flat support, the layer of thermal

insulation having a thermal conductivity 0f 0.05 to 0.20 W/mK.



