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SPECIFICATION

TITLE OF INVENTION
METHOD AND APPARATUS FOR CONTROLLING THE SPATIAL
TEMPERATURE DISTRIBUTION ACROSS THE SURFACE OF A
WORKPIECE SUPPORT

FIELD OF THE INVENTION
The present invention relates to substrate supports. 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

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
‘jonized 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 gas. There are several types of chucks
(also sometimes called susceptors) known in the art. The chuck provides an isothermal
surface and serves as a heat sink for the wafer. In one type, 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 electrostatic force generated by an electric field
between the chuck and wafer. The present invention is applicable to both types of

chucks.

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 chemical reaction between gas (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 chemical reaction at each microscopic point on the

wafer are related to an extent that harmful unevenness in etching of material over a face
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of the wafer can easily result if the temperature of the wafer across its area varies too
much. In 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.

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
etching have been tried. FIG. 1 illustrates one way to control wafer temi)erature 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.

There is generally no o-ring or other edge seal at the chuck perimeter except for a
smooth sealing land extending from 1 to 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 is inadequately cooled. The heat impinging near the edge of the wafer 104
must therefore flow significantly radially inward before it can effectively be conducted
away to the chuck. The arrows 108 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.

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
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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 cm? 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 cm®. 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.

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.

BRIEF DESCRIPTION OF THE INVENTION

A chuck for a plasma processor comprises a temperature-controlled base, a
thennal‘insulator, a flat support, and a heater. The temperature-controlled base has a
temperature below the desired temperature of a workpiece. The thermal insulator is
disposed over 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’
disposed on an underside of the flat support. The heater includes a plurality of heating
elements that heat a plurality of corrq:sppnding heating zones. The power supplied

and/or temperature of each heating element is controlled independently.
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BRIEF DESCRIPTION OF THE DRAWINGS
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.
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. 3A 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. 3B 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. 3C illustrates a simplified schematic of thermal flow dynamic in the
apparatus of FIG. 3A.

FIG. 4A is a schematic elevational diagram illustrating an apparatus with
a combined single planar layer electrode and heater for controlling the temperature of a

workpiece in accordance with another embodiment of the present invention.

FIG. 4B is a schematic top view illustrating an apparatus with a combined
single planar layer electrode and heater for controlling the temperature of a workpiece in

accordance with another embodiment of the present invention.
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FIG. 5 is a schematic elevational diagram illustrating an apparatus for
controlling the temperature of a workpiece using a lateral thermal break approach in

accordance with another alternative embodiment of the present invention.

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

temperature of a chuck in accordance with one embodiment of the present invention.

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.

DETAILED DESCRIPTION

Embodiments of the present invention are described herein in the context of a
method and apparatus for controlling the spatial temperature distribution across the
surface 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.

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.

The apparatus of the present invention seeks to achieve precise significant

thermal differential control, for example over 5°C, but without requiring significant
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plasma heat flux, for example less than 2W per cm?. FIG. 3A 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 base 302 or a heat
exchanger supports a thermal insulator 304. A support 306, preferably ﬂat, is mounted
over the thermal insulator 304. A heater 308 is embedded in the support 306. A
workpiece 310, such as a wafer, is disposed over the suppoft 306. A thermal conductor
312 provides an intimate thermal contact between the support 306 and the workpiece
310. The thermal conductor 312 may be preferably a gas, such as helium. The helium
pressure controls the thermal conduction between the workpiece 310 and the support
306.

According to one embodiment, the base 302 comprises a metallic material,
preferably an aluminum base cold plate, that is maintained at a relatively constant
temperature through a conventional heat exchange system such as a cooling/heating fluid
loop. According to 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 may be 10°C to 50°C below the desired temperature of the workpiece
310. The base 302 also provides a thermal sink for plasma heating. An external coolant
chiller (not shown) mail be used to maintain the temperature of the baseplate. 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 base 302
further have several holes or cavities (not shown) through which heater power lines 312
or other service lines are disposed. Such service lines 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.

According to one embodiment, the thermal insulator 304 acts as significant
thermal impedance break between the suppdrt 306 and the base 302. The thermal
insulator 304 may comprise a thick RTV bonding adhesive layer 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 preferably has a thermal conductivity of a range of about
.05W/mK to about .20W/mK. The thermal insulator 304 in this case both acts as a
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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 304 is maintained. Also, the thermal insulator 304 must tolerate
significant thermal-mechanical shear due to different materials and temperatures located
above and below the layer. According to one embodiment, the thickness of the thermal
insulator 304 should be less than 2mm. Thermal insulator 304 may further incorporate
several cavities or vias (not shown) contiguous to the cavities of the base 304 for housing

parts of the heater power lines 312 and other service lines.

According to one embodiment, the support 306 comprises a ceramic material.
The ceramic may be a non-electrically conductive material, such as for example alumina.
The shape of the support 306 may preferably include a conventional disk commonly used
in plasma etching systems. The workpiece 306 may be a conventional electrostatic
chuck or may be a ceramic having a mechanical clamp for holding down the wafer 310.
According to one embodiment, the thickness of the support 306 is about Zmm. However,
one of skills in the art will recognize that other thicknesses may also be suitable.
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 should allow

the heat to dissipate locally.

The heater 308 comprises at least one resistive element. According to one
embodiment, the heater 308 may be 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 have 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. A sensor 309 associated with each heating
zone may measure the temperature for 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, a sensor such as an infrared emission sensor or thermo-couple
sensor can be mounted either through ports to read directly from the workpiece 310. The

sensors 309 can also be mounted within or to the back of the support 306. The heater
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308 may be powered by power lines 312 disposed through openings in the thermal
insulator 304 and the base 302.

According to one embodiment, heater 308 comprises an inductive heater.
According to another embodiment, heater 308 comprises a heating lamp, such as krypton
or quaﬁz 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. One of ordinary skills in the art will recognize that many

other ways exists to heat support 306.

FIG. 3B illustrates another embodiment of the present invention. In FIG. 3B, the
heater 308 includes etched foil technology such as thin film heater. The heater 308 may
be embedded in the workpiece support 306 or deposited on the back of the workpiece
support 306 (not shown). A layer of bonding adhesive (not shown), such as polymer,
each layer having a thickness of, for example, about .003”, may be disposed between the
thermal insulator 304 and the support 306, and between the thermal insulator 304 and the
base302.

FIG. 3C ilfustrates a simplified schematic of thermal flow dynamic in the
apparatus of FIG. 3A. The incoming plasma heat flux Q1 contributes to the temperature
T1 on the surface of the wafer 310. The heater 308 provides additional heat Q3 to the
wafer 310. The flux Q2 exiting the system through the workpiece support 306 to the
cooled base 302 is approximately equal to both incoming flux Q1 and Q3. Therefore:

Q1+Q3~Q2

By definition, the sum of the temperature T'1 of the wafer 310 and the
temperature AT through the thermal insulator 304 is equal to the temperature T1 of the
cooled base 302: .

T1=T2+ AT

1t should be noted that AT is defined by the thermal conductivity of the thermal
insulator 304. The incoming flux Q3, which is produced by the heater 308, thus controls
AT. Therefore, the power of the heater 308 can be adjusted to produce a desired

temperature T1 on the surface of the wafer for a range of Q1.
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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 Q1 and the maximum flux of Q3 is approximately equal to the maximum flux of

Q1.

Q2= V2 Q3max
when Q1 =0 and Q3ax = Qlmax

In this preferred scheme, the range over which T1 can be varied is maximized. That is,
the local temperature of the wafer can be adjusted by controlling the heating power of a
zone of the heater 308. According to one embodiment, the temperature of the base 302,
i.e. the coolant temperature, is set about 20°C cooler than a conventional apparatus in
which the sum of the maximum value of Q1 and the maximum value of Q3 is equal to

the maximum value of Q2.

Turning now to FIG. 4A, a schematic elevational diagram illustrating an
apparatus with a combined single planar layer electrode and heater for controlling the
temperature of a workpiece in accordance with another embodiment of the present
invention is shown. A base 402 supports a thermal insulator 404. A flat support 406 is
mounted on the thermal insulator 404. According to one embodiment, the flat support
406 comprises an inner spiral 408 and an outer spiral 410 both used as a heater for
heating a workpiece and an electrode for clamping the workpiece. Both heater and
electrode are combined to form a single layer planaf structure representéd by flat support
406. FIG. 4B illustrates a top view of the flat support 406. The differential high voltage
HV 412 is applied to between the inner and outer spirals 408 and 410 to generate the
electrostatic clamping function of the flat support 406. If the differential high voltage
HV 412 is applied to both inner and outer spirals 408 and 410 with respect to the ground,
the flat support 406 rhay act as a mono-polar electrostatic chuck. If the differential high
voltage HV 412 is applied in between the inner and outer spirals 408 and 410, the flat
support 406 may act as a bipolar chuck. A first controlled electrical power source 414 is
coupled to the inner coil 408 for generating a first heating zone. A second controlled
electrical power source 416 is coupled to the outer coil 410 for generating a second

heating zone.
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FIG. 5 is a schematic elevational diagram illustrating an apparatus for controlling
the temperature of a workpiece using a lateral thermal break approach in accordance with
another alternative embodiment of the present invention. A dual or multiple manifold
heat sink may be used to circulate a temperature controlled fluid instead of using direct
electrical heating or coolant at different temperature. A temperature controlled base 502
supports a thermal insulator 504, for example, ceramic. A flat support 506 provides
support to a workpiece 508. Thermal insulators 510 azimuthally separate the base 502
into two or more zones, each zone representing a heat sink. The arrows represent the
different heat sink zones. In particular, the lateral thermal breaks 510 separate the heat
sink into two or more thermal zones, for example, T1 and T2. The temperature of each
thermal zone may be controlled independently by controlling the ﬂﬁid temperature in

each fluid loop. The use of such thermal break 510 allows for arbitrary spatial zones.

FIG. 6 is a flow diagram illustrating a method for controlling the temperature of a
chuck in accordance with one embodiment of the present invention. In particular, FIG. 6
illustrates a method for controlling the temperature of a chuck having two distinct
thermal zones. Those of ordinary skills in the art will recognize that the method may be
applied to a chuck having one or more thermal zones. In a first block 602, the
temperature of a first zone is measured with a first set of sensors. Based on these
measurements, the power of a heating element affecting the temperature of the first zone
is controlled to adjust the temperature of the first zone to a temperature set by a user
and/or a computer in block 604. In a second block 606, the temperature of a second
zone is measured with a second set of sensors. Based on these measurements, the power
of a heating element affecting the temperature of the second zone is controlled to adjust
the temperature of the second zone to a temperature set by a user and/or a computer in

block 608.

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
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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 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.

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.

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, said chuck comprising:

a temperature-controlled base having a temperature below the desired
temperature of a workpiece; |

a thermal insulator disposed over said base;

a flat support for holding said workpiece, said flat support disposed over said
thermal insulator; and

a heater embedded within said flat support.

2. The chuck according to claim 1 further comprising a thermal conductor disposed

between said flat support and said workpiece;

3. The chuck according to claim 1 wherein the power of said heater further

comprises a plastic film heater.

4. The chuck according to claim 1 further comprising a layer of bonding adhesive
disposed between said thermal insulator and said support, and between said thermal

insulator and said temperature-controlled base.

5. The chuck according to claim 1 wherein said heater further comprises a plurality

of planar heating elements.

6. The chuck according to claim 5 wherein said plurality of planar heating elements

forms a corresponding plurality of heating zones on said workpiece.

7. The chuck according to claim 6 wherein the power of each planar heating

element is controlled independently.
8. The chuck according to claim 7 further comprising a plurality of sensors

corresponding with said plurality of heating zones, each sensor measuring and sending a

signal representative of the temperature of each heating zone.

12



WO 02/089531 PCT/US02/12864

9. The chuck according to claim 8 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 zone.

10. A chuck for a plasma processor, said chuck comprising:

a temperature-controlled base having a temperature below the desired
temperature of a workpiece;

a thermal insulator disposed over said base;

a flat support for holding said workpiece, said flat support disposed over said
thermal insulator; and

a heater disposed on an underside of said flat support.

11. A method for controlling the temperature across a workpiece having multiple
zones, said method comprising:

providing a base maintained at a constant temperature, said constant temperature
being below the temperature of the workpiece, said base having a thermal insulator
mounted on top of said base;

holding the workpiece against a top face of a flat support, said flat support
mounted on said thermal insulator; and

heating each zone of the workpiece independently with a heater disposed within

said flat support.

12. The method according to claim 11 further comprising monitoring the temperature

of the multiple zones with a sensor for each zone.

13.  The method according to claim 12 further comprising adjusting the temperature

of each zone based on said monitoring.

14. A method for controlling the temperature across a workpiece having multiple
zones, said method comprising:

providing a base maintained at a constant temperature, said constant temperature
being below the temperature of the workpiece, said base having a thermal insulator

mounted on top of said base;

13
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holding the workpiece against a top face of a flat support, said flat support
mounted on said thermal insulator; and
heating each zone of the workpiece independently with a heater disposed on an

underside of said flat support.

15. The method according to claim-14 further comprising monitoring the temperature

of the multiple zones with a sensor for each zone.

16.  The method according to claim 14 further comprising adjusting the temperature

of each zone based on said monitoring.

17. A method for controlling the temperature of a chuck:
measuring the temperature of a first zone of the chuck;
controlling the power of a heating element affecting the temperature of said first
zone to a first temperature based on said measuring;
measuring the temperature of a second zone of the chuck; and
controlling the power of a heating element affecting the temperature of said

second zone to a second temperature based on said measuring.

18. An apparatus for controlling the temperature across a workpiece having multiple
zones, said apparatus 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 thermal
insulator mounted over said base;

means for holding the workpiece against a top face of a support, said support
mounted over said thermal insulator; and

means for heating said support.

19.  An apparatus for controlling the temperature across a workpiece having multiple
zones, said apparatus 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 thermal

insulator mounted over said base;

14
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means for holding the workpiece against a top face of a support, said support
mounted over said thermal insulator; and

means for heating an underside of said support.

20.  An apparatus for controlling the temperature of a chuck:

means for measuring the temperature of a first zone of the chuck;

means for controlling the power of a heating element affecting the temperature of
said first zone to a first temperature based on said means for measuring the temperature
of a first zone of the chuck;

means for measuring the temperature of a second zone of the chuck; and

means for controlling the power of a heating element affecting the temperature of
said second zone to a second temperature based on said means for measuring the

temperature of a second zone of the chuck.

15



WO 02/089531 PCT/US02/12864

1/4
108~
”0\1 l lllt lV L ‘/—104
1 RR\\\W 1102
Y oy Ly v
1,106
FIG. 1
(Prior Art)
f ! PRESSURE
; TEMPERATURE
5 -
FIG. 2
(Prior Art)

310
WAFER '
\C 312309

VA
306~ SUPPORT 308
I

304
\ THERMAL INSULATOR <

I3 12

Jv

FIG. 3A

SUBSTITUTE SHEET (RULE 26)



WO 02/089531 PCT/US02/12864

2/4
310
312
306\ 208
304M
302x _f372
FIG. 3B
|
310
03— S
30/4'\ \
| AT
|e
FIG. 3C
405\
470-\ F-408
404~ | i & & [
402‘\
FIG. 4A

SUBSTITUTE SHEET (RULE 26)



WO 02/089531

410

3/4

408

PCT/US02/12864

f_4 12

+ -
419~ [HEATER 1

POWER

— [

HEATER
POWER

FIG. 4B

'f'506 f—508 .

904

|

—502

g0

FIG. 5

L5 10

SUBSTITUTE SHEET (RULE 26)




WO 02/089531

4/4

MEASURING THE TEMPERATURE
OF A FIRST ZONE

!

CONTROLLING THE POWER OF A HEATING
ELEMENT AFFECTING THE TEMPERATURE
OF THE FIRST ZONE TO A FIRST
TEMPERATURE BASED ON THE
MEASUREMENT

1

MEASURING THE TEMPERATURE
OF A SECOND ZONE

{

CONTROLLING THE POWER OF A HEATING
ELEMENT AFFECTING THE TEMPERATURE
OF THE SECOND ZONE TO A SECOND
TEMPERATURE BASED ON THE
MEASUREMENT

END
FIG. 6

708j f—710

PCT/US02/12864

FIRST SET OF SECOND SET OF
SENSORS SENSORS

.

USER

ol

706
| ) cPu [ | STORAGE /

HEATER ELEMENTS

FIRST SET OF SECOND SET OF

HEATER ELEMENTS

_J |\
712 FIG. 7 714

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US02/12864

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) HOSB 3/16, 3/44, 3/68; C23C 16/00
UsSCL

B.  FIELDS SEARCHED

219/444.1, 448.11, 462.1, 466.1, 543, 544; 118/724, 725
According to International Patent Classification (IPC) or to both national classification and IPC

U.S. :219/444.1, 448.11, 462.1, 466.1; 118/724, 725

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y,P US 6,365,879 B1 (KUIBIRA ET AL) 02 APRIL 2002, COLUMN 4, LINE 42 TO 1-16, 18, 19
COLUMN 5, LINE 27.
Y US 6,084,215 A (FURUYA ET AL) 04 JULY 2000, COLUMN 10, LINES 3-55. 1-16, 18, 19
Y US 5,539,179 A (NOZAWA ET AL) 23 JULY 1996, COLUMN 3, LINES 53-60). 2
Y US 5,854,468 A (MUKA) 29 DECEMBER 1998, COLUMN 2, LINES 32-46. 2
Y US 5,851,641 A (MATSUNAGA ET AL) 22 DECEMBER 1998, COLUMN 3, LINES 4
33-47.
Y, P US 6,259,592 BI (ONO), 10 JULY 2001, COLUMN 4, LINES 59-68. 4
X US 5,059,770 A (MAHAWILI) 22 OCTOBER 1991, COLUMN 5, LINES 19-48. 17, 20
Y 5-8, 11-16, 18, 19

=

Further ‘documents are listed in the continuation of Box C.

L]

See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to be
of particular relevance

“E” earlicr application or patent published on or after the international filing date

“L”  document which may throw doubts on priority claim(s) or which is cited to
establish the publication date of another citation or other special reason (as
specified)

“O"  document referring to an oral disclosure, use, exhibition or other means

“P"  document published prior to the international filing date but later than the
priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

06 September 2002 (06.09.2002)

Date of mailing of the international search report

23 SEP 2002 -

Name and mailing address of the ISA/US

Commissioner of Patents and Trademarks
Box PCT ’
Washington, D.C. 20231

Facsimile No. (703)305-3230

Authorized officer

Sang Y Paik @/’EL%L/ \%ﬂ/ﬂ K

Telephone No. 703-308-0861

Form PCT/ISA/210 (second sheet) (July 1998)




PCT/US02/12864
INTERNATIONAL SEARCH REPORT

C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,294,778 A (CARMAN ET AL) 15 MARCH 1994, COLUMN 2, LINE 62 TO 17, 20
- COLUMN 3, LINE 33. e
Y 5-8, 11-16, 18, 19

Form PCT/ISA/210 (second sheet) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

