wo 2013/033381 A2 |1 0F 0000 OO OO A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

7 March 2013 (07.03.2013)

WIPOIPCT

(10) International Publication Number

WO 2013/033381 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
HO5B 1/02 (2006.01) HO5B 3/26 (2006.01)
HO1L 21/67 (2006.01)

International Application Number:
PCT/US2012/053117

International Filing Date:
30 August 2012 (30.08.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/528,939 30 August 2011 (30.08.2011) US
61/635,310 19 April 2012 (19.04.2012) US
Applicant (for all designated States except US):

WATLOW ELECTRIC MANUFACTURING COM-
PANY [US/US]; 1200 Lackland Road, St. Louis, MO
63146 (US).

Inventors; and

Inventors/Applicants (for US only): PTASIENSKI, Kev-
in [US/US]; 220 Irish Hound Dr., O'fallon, MO 63368
(US). SMITH, Kevin, Robert [US/US]; 6503 Cascades
Dr., Columbia, MO 65203 (US). SWANSON, Cal,
Thomas [US/US]; 3307 Lawn Ave., Apt 4, St. Louis, MO
63139 (US). SCHMIDT, Philip, Steven [US/US]; 1241
Bundy Boulevard, Winona, MN 55987 (US).

(74

(8D

(84)

Agent: BURRIS, Kelly, K.; Brinks Hofer Gilson & Lione,
524 South Main Street, Suite 200, Ann Arbor, MI 48104
(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: HIGH DEFINITION HEATER AND METHOD OF OPERATION

80

90’

/

:Itj:'ﬁ & dyrer: WO, Tist | 92

90

Pobyimids Boast Heater

FIG. 3

1.0 Aumeen substrate (88

Poyimida sasa Heator | 84

[ ] 82

(57) Abstract: An apparatus is provided, by way of example, a heater for use in semiconductor processing equipment that includes a
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HIGH DEFINITION HEATER AND METHOD OF OPERATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of provisional application serial nos.
61/528,939 filed on August 30, 2011 and 61/635,310 filed on April 19, 2012, the
contents of which are incorporated herein by reference in their entirety. This
application is also related to co-pending applications titled “System and Method for
Controlling a Thermal Array,” and applications titled “Thermal Array System,”
concurrently filed herewith and commonly assigned with the present application, the

contents of which are incorporated herein by reference in their entirety.

FIELD
[0002] The present disclosure relates to heater systems, and in particular,
heater systems that can deliver a precise temperature profile to a heating target
during operation in order to compensate for heat loss and/or other variations, in such

applications as chucks or susceptors for use in semiconductor processing.

BACKGROUND

[0003] The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

[0004] In the art of semiconductor processing, for example, a chuck or
susceptor is used to hold a substrate (or wafer) and to provide a uniform temperature
profile to the substrate during processing. Referring to FIG. 1, a support assembly 10
for an electrostatic chuck is illustrated, which includes the electrostatic chuck 12 with
an embedded electrode 14, and a heater plate 16 that is bonded to the electrostatic
chuck 12 through an adhesive layer 18, which is typically a silicone adhesive. A
heater 20 is secured to the heater plate 16, which may be an etched-foil heater, by
way of example. This heater assembly is bonded to a cooling plate 22, again through
an adhesive layer 24 that is typically a silicone adhesive. The substrate 26 is
disposed on the electrostatic chuck 12, and the electrode 14 is connected to a voltage
source (not shown) such that electrostatic power is generated, which holds the
substrate 26 in place. A radio frequency (RF) or microwave power source (not shown)
may be coupled to the electrostatic chuck 12 within a plasma reactor chamber that

surrounds the support assembly 10. The heater 20 thus provides requisite heat to



WO 2013/033381 PCT/US2012/053117

maintain temperature on the substrate 26 during various in-chamber plasma
semiconductor processing steps, including plasma enhanced film deposition or etch.

[0005] During all phases of processing of the substrate 26, it is important that
the temperature profile of the electrostatic chuck 12 be tightly controlled in order to
reduce processing variations within the substrate 26 being etched, while reducing total
processing time. Improved devices and methods for improving temperature uniformity
on the substrate are continually desired in the art of semiconductor processing,

among other applications.

SUMMARY

[0006] In one form of the present disclosure, an apparatus is provided that
comprises a base functional layer comprising at least one functional zone. A
substrate is secured to the base functional layer, and a tuning layer is secured to the
substrate opposite the base functional layer. The tuning layer comprises a plurality of
zones that is greater in number than the zones of the base functional layer, and the
tuning layer has lower power than the base functional layer. A component is secured
to the tuning layer opposite the substrate, and the substrate defines a thermal
conductivity to dissipate a requisite amount of power from the base functional layer.

[0007] In another form of the present disclosure, a heater is provided that
comprises a base plate, a base heater secured to the base plate, the base heater
comprising at least one zone. A substrate is secured to the base heater, and a tuning
heater is secured to the substrate opposite the base heater. The tuning heater
comprises a plurality of zones that is greater in number than the zones of the base
heater, and the tuning heater has lower power than the base heater. A chuck is
secured to the tuning heater opposite the substrate, and the substrate defines a
thermal conductivity to dissipate a requisite amount of power from the base heater.

[0008] In still another form, a heater system is provided that comprises a base
functional layer comprising at least one functional zone. A substrate is secured to the
functional member, and a tuning layer is secured to the substrate opposite the base
functional layer. The tuning layer comprises a plurality of zones that is greater in
number than the zones of the base functional layer, and the tuning layer has lower
power than the base functional layer. A component is secured to the tuning layer
opposite the substrate, and the substrate defines a thermal conductivity to absorb and

dissipate a requisite amount of power from the base functional layer. A control system
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is also provided that has a plurality of sets of power lines in communication with the
tuning layer and a plurality of addressable control elements in electrical
communication with the power lines and with the tuning layer, the control elements
providing selective control of the tuning layer zones.

[0009] Further areas of applicability will become apparent from the description
provided herein. It should be understood that the description and specific examples
are intended for purposes of illustration only and are not intended to limit the scope of

the present disclosure.

DRAWINGS

[0010] In order that the disclosure may be well understood, there will now be
described various forms thereof, given by way of example, reference being made to
the accompanying drawings, in which:

[0011] FIG. 1 is an elevated side view of a prior art electrostatic chuck;

[0012] FIG. 2 is a partial side view of a heater having a tuning layer and
constructed in accordance with the principles of one form of the present disclosure;
[0013] FIG. 3 is an exploded side view of another form of the heater of FIG. 1
having a tuning layer or tuning heater and constructed in accordance with the
principles of the present disclosure;

[0014] FIG. 4 is a perspective exploded view of the heater of FIG. 3, illustrating
an exemplary four (4) zones for the base heater and eighteen (18) zones for the
tuning heater in accordance with the principles of the present disclosure;

[0015] FIG. 5 is a side view of another form of a high definition heater system
having a supplemental tuning layer and constructed in accordance with the principles
of the present disclosure;

[0016] FIG. 6 is an exploded perspective view of alternating tuning layers that
are offset from one another in accordance with another form of the present disclosure;
[0017] FIG. 7 is a perspective view of control devices that are embedded into
layers of the heater chuck assembly in accordance with one form of the present
disclosure;

[0018] FIG. 8 is a perspective view of a heater system having independently
controllable heater elements constructed in accordance with the principles of the

present disclosure;
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[0019] FIG. 9 is a cross-sectional view, taken along line 9-9 of FIG. 8,
illustrating vias of the heater system and constructed in accordance with the principles
of the present disclosure;

[0020] FIG. 10 is a partial cross-sectional view, taken along line 10-10 of FIG.
8, illustrating an upper base of the heater system and constructed in accordance with
the principles of the present disclosure;

[0021] FIG. 11 is a partial cross-sectional view, taken along line 11-11 of FIG.
8, illustrating a lower base of the heater system and constructed in accordance with
the principles of the present disclosure;

[0022] FIG. 12 is a top view of FIG. 11, illustrating elements within tapered
cavities of the lower base and constructed in accordance with the principles of the
present disclosure;

[0023] FIG. 13 is a cross-sectional view of another form of a high definition
heater system with the base member having fluid passageways for a two-phase fluid
and constructed in accordance with the teachings of the present disclosure;

[0024] FIG. 14 is a perspective view illustrated a plurality of support elements
constructed in accordance with another form of the present disclosure;

[0025] FIG. 15 is a cross-sectional view illustrating the support elements in
accordance with the teachings of the present disclosure;

[0026] FIG. 16 is an enlarged plan view of a support element in accordance
with the teachings of the present disclosure; and

[0027] FIG. 17 is a perspective view illustrating heat spreaders constructed in
accordance with the teachings of the present disclosure.

[0028] The drawings described herein are for illustration purposes only and are

not intended to limit the scope of the present disclosure in any way.

DETAILED DESCRIPTION

[0029] The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. For example, the
following forms of the present disclosure are directed to chucks for use in
semiconductor processing, and in some instances, electrostatic chucks. However, it
should be understood that the heaters and systems provided herein may be employed
in a variety of applications and are not limited to semiconductor processing

applications.
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[0030] Referring to FIG. 2, one form of the present disclosure is a heater 50
that includes a base heater layer 52 having at least one heater circuit 54 embedded
therein. The base heater layer 52 has at least one aperture 56 (or via) formed
therethrough for connecting the heater circuit 54 to a power supply (not shown). The
base heater layer 52 provides primary heating while a tuning heater layer 60 disposed
proximate the heater layer 52 as shown provides for fine tuning of a heat distribution
provided by the heater 50. The tuning layer 60 includes a plurality of individual
heating elements 62 embedded therein, which are independently controlled. At least
one aperture 64 is formed through the tuning layer 60 for connecting the plurality of
individual heating elements 62 to the power supply and controller (not shown). As
further shown, a routing layer 66 is disposed between the base heater layer 52 and
the tuning layer 60 and defines an internal cavity 68. A first set of electrical leads 70
connects the heater circuit 54 to the power supply, which extend through the heater
layer aperture 56. A second set of electrical leads 72 connects a plurality of heating
elements 62 to the power supply and extend through the internal cavity 68 of the
routing layer 66, in addition to the aperture 55 in the base heater layer 52. It should
be understood that the routing layer 66 is optional, and the heater 50 could be
employed without the routing layer 66 and instead having only the base heater layer
52 and the tuning heater layer 60.

[0031] In another form, rather than providing fine tuning of a heat distribution,
the tuning layer 60 may alternately be used to measure temperature in the chuck 12.
This form provides for a plurality of area-specific or discreet locations, of temperature
dependent resistance circuits. Each of these temperature sensors can be individually
read via a multiplexing switching arrangement, exemplary forms of which are set forth
in greater detail below that allows substantially more sensors to be used relative to the
number of signal wires required to measure each individual sensor. The temperature
sensing feedback can provide necessary information for control decisions, for
instance, to control a specific zone of backside cooling gas pressure to regulate heat
flux from the substrate 26 to the chuck 12. This same feedback can also be used to
replace or augment temperature sensors installed near the base heater 50 for
temperature control of base heating zones 54 or balancing plate cooling fluid
temperature (not shown) via ancillary cool fluid heat exchangers.

[0032] In one form, the base heater layer 50 and the tuning heater layer 60 are

formed from enclosing heater circuit 54 and tuning layer heating elements 62 in a
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polyimide material for medium temperature applications, which are generally below
250° C. Further, the polyimide material may be doped with materials in order to
increase thermal conductivity.

[0033] In other forms, the base heater layer 50 and/or the tuning heater layer
60 are formed by a layered process, wherein the layer is formed through application or
accumulation of a material to a substrate or another layer using processes associated
with thick film, thin film, thermal spraying, or sol-gel, among others.

[0034] In one form, the base heating circuit 54 is formed from Inconel® and the
tuning layer heating elements 62 are a Nickel material. In still another form, the tuning
layer heating elements 62 are formed of a material having sufficient temperature
coefficient of resistance such that the elements function as both heaters and
temperature sensors, commonly referred to as “two-wire control.” Such heaters and
their materials are disclosed in U.S. Patent No. 7,196,295 and pending U.S. patent
application serial no. 11/475,534, which are commonly assigned with the present
application and the disclosures of which are incorporated herein by reference in their
entirety.

[0035] With the two-wire control, various forms of the present disclosure include
temperature, power, and/or thermal impedance based control over the layer heating
elements 62 through knowledge or measurement of voltage and/or current applied to
each of the individual elements in the thermal impedance tuning layer 60, converted to
electrical power and resistance through multiplication and division, corresponding in
the first instance, identically to the heat flux output from each of these elements and in
the second, a known relationship to the element temperature. Together these can be
used to calculate and monitor the thermal impedance load on each element to allow
an operator or control system to detect and compensate for area-specific thermal
changes that may result from, but are not limited to, physical changes in the chamber
or chuck due to use or maintenance, processing errors, and equipment degradation.
Alternatively, each of the individually controlled heating elements in the thermal
impedance tuning layer 60 can be assigned a setpoint resistance corresponding to the
same or different specific temperatures which then modify or gate the heat flux
originating from corresponding areas on a substrate through to the base heater layer
52 to control the substrate temperature during semiconductor processing.

[0036] In one form, the base heater 50 is bonded to a chuck 51, for example, by

using a silicone adhesive or even a pressure sensitive adhesive. Therefore, the
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heater layer 52 provides primary heating, and the tuning layer 60 fine tunes, or
adjusts, the heating profile such that a uniform or desired temperature profile is
provided to the chuck 51, and thus the substrate (not shown).

[0037] In another form of the present disclosure, the coefficient of thermal
expansion (CTE) of the tuning layer heating elements 62 is matched to the CTE of the
tuning heating layer substrate 60 in order to improve thermal sensitivity of the tuning
layer heating elements 62 when exposed to strain loads. Many suitable materials for
two-wire control exhibit similar characteristics to Resistor Temperature Devices
(RTDs), including resistance sensitivity to both temperature and strain. Matching the
CTE of the tuning layer heating elements 62 to the tuning heater layer substrate 60
reduces strain on the actual heating element. And as the operating temperatures
increase, strain levels tend to increase, and thus CTE matching becomes more of a
factor. In one form, the tuning layer heating elements 62 are a high purity Nickel-lron
alloy having a CTE of approximately 15 ppm/°C, and the polyimide material that
encloses it has a CTE of approximately 16 ppm/°C. In this form, materials that bond
the tuning heater layer 60 to the other layers exhibit elastic characteristics that
physically decouple the tuning heater layer 60 from other members of the chuck 12. It
should be understood that other materials with comparable CTEs may also be
employed while remaining within the scope of the present disclosure.

[0038] Referring now to FIGS. 3-5, one exemplary form of the heater having
both a base heater layer and a tuning layer (as generally set forth above in FIG. 2) is
illustrated and generally indicated by reference numeral 80. The heater 80 includes a
base plate 82, (also referred to as a cooling plate), which in one form is an Aluminum
plate approximately 16mm in thickness. A base heater 84 is secured to the base plate
82, in one form using an elastomeric bond layer 86 as shown. The elastomeric bond
may be one disclosed in U.S. Patent No. 6,073,577, which is incorporated herein by
reference in its entirety. A substrate 88 is disposed on top of the base heater 84 and
is an Aluminum material approximately 1mm in thickness according to one form of the
present disclosure. The substrate 88 is designed to have a thermal conductivity to
dissipate a requisite amount of power from the base heater 84. Because the base
heater 84 has relatively high power, without a requisite amount of thermal
conductivity, this base heater 84 would leave “witness” marks (from the resistive
circuit trace) on adjacent components, thereby reducing the performance of the overall

heater system.
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[0039] A tuning heater 90 is disposed on top of the substrate 88 and is secured
to a chuck 92 using an elastomeric bond layer 94, as set forth above. The chuck 92 in
one form is an Aluminum Oxide material having a thickness of approximately 2.5mm.
It should be understood that the materials and dimensions as set forth herein are
merely exemplary and thus the present disclosure is not limited to the specific forms
as set forth herein. Additionally, the tuning heater 90 has lower power than the base
heater 84, and as set forth above, the substrate 88 functions to dissipate power from
the base heater 84 such that “witness” marks do not form on the tuning heater 90.
[0040] The base heater 84 and the tuning heater 90 are shown in greater detail
in FIG. 4, in which an exemplary four (4) zones are shown for the base heater 84, and
eighteen (18) zones for the tuning heater 90. In one form, the heater 80 is adapted for
use with chuck sizes of 450mm, however, the heater 80 may be employed with larger
or smaller chuck sizes due to its ability to highly tailor the heat distribution.
Additionally, the high definition heater 80 may be employed around a periphery
(shown by area P) of the chuck (across a horizonal plane), or along a vertical location,
FIG. 3, tuning layer 90, or in discrete predetermined locations across or along the
chuck, or around the periphery other components or combinations of components,
rather than in a stacked/planar configuration as illustrated herein. Further still, the
high definition heater 80 may be employed in process kits, chamber walls, lids, gas
lines, and showerheads, among other components within semiconductor processing
equipment. It should also be understood that the heaters and control systems
illustrated and described herein may be employed in any number of applications, and
thus the exemplary semiconductor heater chuck application should not be construed
as limiting the scope of the present disclosure.

[0041] The present disclosure also contemplates that the base heater 84 and
the tuning heater 90 not be limited to a heating function. It should be understood that
one or more of these members, referred to as a “base functional layer” and a “tuning
layer,” respectively, may alternately be a temperature sensor layer or other functional
member while remaining within the scope of the present disclosure. Other functions
may include, by way of example, a cooling layer or a diagnostic layer that would
collect sensor input such as various electrical characteristics, among others.

[0042] As shown in FIG. 5, a dual tuning capability may be provided with the
inclusion of a secondary tuning layer heater 120 on the top surface of the chuck 12.

The secondary tuning layer may alternately be used as a temperature sensing layer
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rather than a heating layer while remaining within the scope of the present disclosure.
Accordingly, any number of tuning layer heaters may be employed and should not be
limited to those illustrated and described herein.

[0043] In another form, the base functional layer may include a plurality of
thermoelectric elements rather than the base heater 84 construction as set forth
above. These thermoelectric elements may also be arranged in zones and are
generally disposed on top of, or proximate, the base plate or cooling plate 82.

[0044] In still another form, the multiple tuning layers may be employed in a
“stacked” configuration, or configured vertically such that individual resistive traces are
offset from adjacent resistive traces on opposed layers to compensate for the gaps
that exist between traces. For example, as shown in FIG. 6, a first tuning layer 130 is
offset from a second tuning layer 140 such that the traces 142 of tuning layer 140 are
aligned adjacent the gaps 132 between the traces 134 of the first tuning layer 130,
and vice versa. In another form, a “checkerboard” design may be employed in order
to compensate for gaps or hot spots between adjacent layers.

[0045] Referring to FIG. 7, the threshold voltage switching circuits, which in one
form comprise discrete solid state devices that electrically conduct in one direction
when the voltage threshold across the circuit is exceeded and which, are embedded
into or attached to the body of the heater chuck, which may be in a packaged form or
generally embedded as bare die components. In another form, the control elements
are embedded in the bond layer 86 as illustrated above. It should be understood that
the control elements may be embedded within any of the components or assemblies
thereof while remaining within the scope of the present disclosure. Alternately, the
threshold voltage switching circuits on a single package silicon controls device (ASIC)
may be embedded into or attached to the chuck in one form of the present disclosure.
Additional controls devices may also be employed in order to provide redundancy
should any of the components fail during operation.

[0046] One exemplary form of embedding controls is illustrated in FIGS. 8-12.
As shown, this alternate form of a heater system is illustrated and generally indicated
by reference numeral 200. The heater system 200 comprises a plurality of
independently controllable heater elements 202, the operation of which is set forth in
greater detail below, in order to provide a highly tailored temperature profile to a
heating target, such as a uniform temperature profile to a substrate in semiconductor

processing as set forth above. An upper base 204 is disposed proximate the heater
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elements 202, and in one form, the heater elements 202 are disposed on the upper
base 204, such as an etched foil bonded to or a layered heater deposited onto the
upper base 204. The upper base 204 defines a plurality of tapered cavities 206,
which are aligned with each of the heater elements. The tapered cavities 206 in this
form include an upper wall 208 and tapered side walls 210 as shown. The upper base
204 further comprises a plurality of power vias 212 in order to provide a passageway
for power and control lines, as set forth below.

[0047] A lower base 220 is adjacent the upper base 204 and defines a plurality
of reverse tapered cavities 222 aligned with the tapered cavities 206 of the upper base
204. The reverse tapered cavities 222 similarly define a lower wall 224 and tapered
sidewalls 226. The lower base 220 further comprises a plurality of power vias 228 in
communication with the power vias 212 of the upper base 204, which also serve as
passageways for power and control lines.

[0048] As best shown in FIG. 14, the shape of the cavities 206, 222 are
configured to provide for an efficient transfer of heat from the heater elements 202 to a
cooling plate (shown as element 22 in FIG. 1) and also to reduce the thermal impact
of the cavities and their components on the performance and temperature profile
provided by the heater elements 202. Accordingly, the “footprint” of the cavity is
smaller near the heater elements 202, and the cavity gradually increases in size to
direct the heat flux around the cavity 206, and then gradually decreases in size to
direct the heat flux around the cavity 222 towards the cooling plate 22. It should be
understood that other geometries for the cavities 206 and 222 may be provided by the
present disclosure, and thus the tapered configurations should not be construed as
limiting the scope of the present disclosure.

[0049] As further shown, a plurality of pairs of switching elements 230 and
control elements 232 are disposed within the reverse tapered cavities 222 of the lower
base 220 and in communication with the plurality of heater elements 202. Generally,
the switching elements 230 and control elements 232 control operation of the heater
elements 202 in order to provide a requisite temperature profile, and in one
application, a uniform temperature profile to the substrate in semiconductor
processing equipment as set forth above. More specifically, and in one form, the
control element is a microprocessor. In another form, the control element is a circuit

in accordance with the raster boost heater as set forth above. In one form, the control
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elements 232 communicate across a digital bus 234 for temperature control of the
heater elements 202.

[0050] The heater system 200 further comprises a multiplexer 240 in
communication with each of the control elements 232, which sends the appropriate
control signals to each of the heater elements 202 for a desired temperature profile.
In one form, the multiplexer 240 communicates with a power supply (not shown)
through an optical bus 242.

[0051] Additionally, the heater system 200 may also include a plurality of
discrete temperature sensors 250 disposed proximate the plurality of heater elements
202. In an alternate form, the heater elements 202 comprise a resistive material
having sufficient temperature coefficient of resistance characteristics such that the
resistive material functions as both a heater and a temperature sensor, as set forth
herein in other forms of the present disclosure.

[0052] In an electrostatic chuck application, the heater system 200 further
comprises an RF filter 260, which in one form is in communication with a digital bus
262.

[0053] Temperature calibration of any of the systems set forth herein may be
performed by first measuring the individual resistances of the tuning layer heaters
using a standard resistance meter. In another method, alone or in addition to the
method above, the tuning layer heater elements 62 may be held at a constant
temperature and pulsed as in normal operation but for short duration only, and then
the resistance is calculated and set into the control system. An iterative technique of
this at the same or multiple temperature points will calibrate the system for control.
[0054] Referring now to FIG. 13, another form of a heater system is illustrated
and generally indicated by an apparatus 300. The apparatus 300, which is a heater in
one form of the present disclosure, includes a base member 310 having at least one
fluid passageway 320. Multiple fluid passageways 320 are illustrated in this form, and
the passageways 320 may further define zones (such as the heater zones as set forth
above) in another form of the present disclosure. A two-phase fluid 325 is disposed
within the fluid passageways 320, and a pressure of the two-phase fluid 325 is
controlled such that the two-phase fluid 325 provides heating to the base member
310. This system is described in greater detail, for example, in U.S. Patent Nos.
7,178,353 and 7,415,835 and also in published U.S. application No. 20100076611,

the contents of which are incorporated herein by reference in their entirety. Generally,
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in these systems, pressurized refrigerant is provided as a condensed liquid and also in
a gaseous state. The condensed liquid is expanded to a vaporous mix, and the
gaseous refrigerant is added to reach a target temperature determined by its
pressure. Temperature corrections can thus be made very rapidly by gas pressure
adjustments. Such systems are provided by Advanced Thermal Sciences Corporation
and may be employed with the teachings of the present disclosure. As further shown,
a tuning layer 330 is secured to the base member 310, wherein the tuning layer 330
comprising a plurality of zones 335. This tuning layer 330 is similar to the tuning
layers and heaters set forth above, and as such, will not be described again in detail
for purposes of clarity. Similar to the forms set forth above, the tuning layer 335 has
lower power than the base member 310. And as further shown, a component 340,
such as by way of example, a chuck, a pedestal, a wafer table, a substrate support, or
a showerhead, is secured to the tuning layer 330. As used herein, a “component”
should be construed to mean any member or assembly on which a wafer is supported,
either directly or indirectly, for processing.

[0055] In one form, the tuning layer 330 is a heater, and yet in another form, the
tuning layer 330 is a temperature sensor, as set forth in detail above. This tuning
layer 330, and also the base member 310, may be designed with a material having
sufficient TCR characteristics such that they function as both a heater and as a
temperature sensor. Additionally, a secondary tuning layer (shown in FIG. 5) is
secured to a top surface of the component 340, and it should also be understood that
any number of tuning layers, functioning as heaters and/or temperature sensors, may
be employed while remaining within the scope of the present disclosure. With the
secondary tuning layer secured to the top surface of the component 340, the wafer
would be supported indirectly, versus directly when the wafer is on the top surface of
the component 340.

[0056] The apparatus 300 may also employ the routing layer 66 as shown in
FIG. 2 in order to accommodate a number of power lines. Additional features as set
forth herein throughout the figures may also be employed with this form of the present
disclosure having a base member 310 with fluid passageways 320 while remaining
within the scope of the present disclosure.

[0057] Referring now to FIGS. 14-16, another form of the present disclosure
includes a plurality of support elements 600 are provided between the tuning heater

layer and the boost heater layer in order to provide the requisite flatness during
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manufacture, which in this form is a press process. More specifically, in this form of
the present disclosure, the support elements 600 are etched into a copper layer 602
having a heater circuit. As shown in FIG. 14, relatively large space is present
between traces in the copper layer 602, which is somewhat of a void that contributes
to a non-flat laminate, or a laminate that has an undesirable flatness. By providing
support elements 600, additional structure is provided in order to improve flatness.
And as shown in FIG. 16, the support elements 600 are in a “split” configuration, or
are comprised of two portions 602 and 604 having an opening 610 therebetween. As
such, the adhesive 620 (shown in FIG. 15) is allowed to flow more evenly between
each of the support elements 600.

[0058] As shown in FIG. 19, another form of the tuning heater 700 is illustrated,
wherein a corresponding plurality of heat spreaders 710 are disposed on each of the
elements 720 to provide temperature uniformity across the individual elements 720.
The heat spreaders can be a variety of materials, including but not limited to,
Aluminum, Copper, and Pyrolytic Graphite, including PGS (Pyrolytic Graphite Sheet).
In one form, the heat spreaders 710 are a monolithic and constant thickness
configuration as shown. However, it should be understood that other configurations,
including integral grooves, or heat guides, 730 may also be provided while remaining
within the scope of the present disclosure.

[0059] Each of the tuning layers/heaters set forth herein are controlled by a
control system, various forms of which are set forth in greater detail in co-pending
applications titled “System and Method for Controling a Thermal Array,” and
applications titled “Thermal Array System,” concurrently filed herewith and commonly
assigned with the present application. Generally, the control systems have a plurality
of sets of power lines in communication with the tuning layer and a plurality of
addressable control elements in electrical communication with the power lines and
with the tuning layer, the control elements providing selective control of the tuning
layer zones. The control elements may be, by way of example, threshold voltage
switching circuits, which may be semiconductor switches. The threshold voltage
switching circuits may be packaged, for example in an ASIC (Application Specific
Integrated Circuit). Furthermore, the control elements may be embedded within the
component, such as the chuck, as set forth above. These control systems and their
related algorithms are described and illustrated in greater detail in the co-pending

applications set forth above and thus are not included herein for purposes of clarity.
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[0060] It should be noted that the disclosure is not limited to the embodiments
described and illustrated as examples. A large variety of modifications have been
described and more are part of the knowledge of the person skilled in the art. These
and further modifications as well as any replacement by technical equivalents may be
added to the description and figures, without leaving the scope of the protection of the

disclosure and of the present patent.
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CLAIMS

What is claimed is:

1. An apparatus comprising:

a base functional layer comprising at least one functional zone;

a substrate secured to the base functional layer;

a tuning layer secured to the substrate opposite the base functional
layer, the tuning layer comprising a plurality of zones that is greater in number than
the zones of the base functional layer, and the tuning layer having lower power than
the base functional layer; and

a component secured to the tuning layer opposite the substrate,

wherein the substrate defines a thermal conductivity to dissipate a requisite

amount of power from the base functional layer.

2. The apparatus according to Claim 1, wherein at least one of the base

functional layer and the tuning layer are heaters.

3. The apparatus according to Claim 1, wherein at least one of the base

functional layer and the tuning layer are temperature sensors.

4, The apparatus according to Claim 1, wherein the component is selected
from the group consisting of a chuck, a pedestal, a wafer table, a substrate support,

and a showerhead.

5. The apparatus according to Claim 1, wherein at least one of the base
functional layer and the tuning layer comprise a resistive material with sufficient TCR
characteristics such that the at least one base functional layer and the tuning layer

function as both a heater and as a temperature sensor.
6. The apparatus according to Claim 1, wherein at least one of the base

functional layer and the tuning layer define a CTE that is matched with a CTE of the

substrate.
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7. The apparatus according to Claim 1 further comprising a secondary

tuning layer secured to a top surface of the component.

8. The apparatus according to Claim 1 further comprising a plurality of

tuning layers.

9. The apparatus according to Claim 1 furthering comprising a routing layer
disposed between the base functional layer and the tuning layer and defining an

internal cavity for routing of power lines.

10.  The apparatus according to Claim 1, wherein at least one of the base
functional layer and the tuning layer are disposed around a periphery of the

component.

11.  The apparatus according to Claim 1 further comprising:

an upper member disposed proximate the tuning layer, the upper
member defining a plurality of tapered cavities aligned with each of the zones, the
upper member further comprising a plurality of power vias;

a lower member adjacent the upper member and defining a plurality of
reverse tapered cavities aligned with the tapered cavities of the upper member, the
lower member further comprising a plurality of power vias in communication with the
power vias of the upper member,

wherein control elements are disposed within the reverse tapered cavities of the
lower member and are in communication with at least one of the base functional layer

and the tuning layer.

12.  The apparatus according to Claim 11, wherein the control elements

communicate across a digital bus.

13.  The apparatus according to Claim 1, wherein the base functional layer

comprises a plurality of thermoelectric elements.

14.  The apparatus according to Claim 13, wherein the thermoelectric

elements are arranged in zones.
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15.  The apparatus according to Claim 13, wherein the thermoelectric

elements are disposed on top of a chill plate.

16. A heater comprising:

a base plate;

a base heater secured to the base plate, the base heater comprising at
least one zone;

a substrate secured to the base heater;

a tuning heater secured to the substrate opposite the base heater, the
tuning heater comprising a plurality of zones that is greater in number than the zones
of the base heater, and the tuning heater having lower power than the base heater;
and

a chuck secured to the tuning heater opposite the substrate,

wherein the substrate defines a thermal conductivity to dissipate a requisite
amount of power from the base heater.

17.  The heater according to Claim 16, wherein at least one of the base
heater and the tuning heater comprise a resistive material with sufficient TCR
characteristics such that the at least one base heater and the tuning heater function
as both a heater and as a temperature sensor.

18.  The heater according to Claim 16, wherein at least one of the base

heater and the tuning heater define a layered construction.

19.  The heater according to Claim 16, wherein at least one of the base

heater and the tuning heater define a polyimide heater.

20.  The heater according to Claim 16 further comprising a plurality of tuning
heaters defining resistive circuits that are offset from resistive circuits of adjacent
tuning heaters.

21.  The heater according to Claim 16 further comprising a plurality of base
heaters defining resistive circuits that are offset from resistive circuits of adjacent base

heaters.
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22.  The heater according to Claim 16 further comprising a secondary tuning

layer secured to a top surface of the chuck.

23.  The heater according to Claim 16 further comprising a plurality of tuning

layers.

24.  The heater according to Claim 16, wherein the base heater comprises a

plurality of support elements disposed between circuit traces of the base heater.

25.  The heater according to Claim 24, wherein the support elements define a

split configuration.

26. The heater according to Claim 16, wherein at least one of the base

heater and the tuning heater are disposed around a periphery of the chuck.

27.  The heater according to Claim 16 further comprising a plurality of heat

spreaders disposed proximate each of the zones of the tuning heater.

28. The heater according to Claim 27, wherein the heat spreaders are a
material selected from the group consisting of Aluminum, Copper, Pyrolytic Graphite,

and Aluminum Nitride.

29. A heater system comprising:

a base functional layer comprising at least one functional zone;

a substrate secured to the functional member;

a tuning layer secured to the substrate opposite the base functional
layer, the tuning layer comprising a plurality of zones that is greater in number than
the zones of the base functional layer, and the tuning layer having lower power than
the base functional layer;

a component secured to the tuning layer opposite the substrate,

wherein the substrate defines a thermal conductivity to absorb and dissipate a
requisite amount of power from the base functional layer; and

a control system having:
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a plurality of sets of power lines in communication with the tuning
layer; and

a plurality of addressable control elements in electrical
communication with the power lines and with the tuning layer, the control elements

providing selective control of the tuning layer zones.

30. The heater system according to Claim 29, wherein the control elements

are threshold voltage switching circuits.

31.  The heater system according to Claim 30, wherein the threshold voltage

switching circuits comprise semiconductor switches.

32.  The heater system according to Claim 30, wherein the threshold voltage

switching circuits are packaged.

33. The heater system according to Claim 32, wherein the packaging is an

ASIC (Application Specific Integrated Circuit).

34.  The heater system according to Claim 29, wherein the control elements

are embedded within the component.

35. The heater system according to Claim 29, wherein at least one of the

base functional layer and the tuning layer are heaters.

36. The heater system according to Claim 29, wherein at least one of the

base functional layer and the tuning layer are temperature sensors.

37.  The heater system according to Claim 29, wherein at least one of the
base functional layer and the tuning layer comprise a resistive material with sufficient
TCR characteristics such that the at least one base functional layer and the tuning

layer function as both a heater and as a temperature sensor.
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