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Field of the Invention

The present invention relates to an apparatus for substantially uniform and repeatable heat

transfer to a substrate used in semiconductor processing. In particular, the present invention relates - -

to a substrate support member upon which the substrate sets during processing designed to provide

uniform heat transfer to the entire surface of the substrate during processing.

Background of the Invention

In the manufacture of many electronic or electrical components such as integrated circuits,
there is a need to deposit thin films on substrates. Materials such as aluminum, titanium, tungsten,
tantalum, tantalum nitride, cobalt, and silica may be deposited on ceramic, glass or silicon-derived
substrates using physical vapor deposition (PVD) processes such as a physical sputtering process.
Another method of deposition of solid materials upon a substrate is chemical vapor deposition
(CVD), wherein a solid material is deposited from a gaseous phase onto a substrate by means of a

chemical reaction. The deposition reaction involved is generally thermal decomposition, chemical

oxidation, or chemical reduction. The CVD process-can be used to deposit many elements and -

alloys as well as compounds including oxides, nitrides and carbides. The thin film deposited may
be subsequently etched or otherwise fabricated into circuits and/or other electrical components.
In a typical PVD process, such as physical sputtering, a low pressure atmosphere of an
ionizable gas such as argon or helium is introduced in a vacuum chamber. The pressure in the
vacuum chamber is reduced to about 10°° to about 10'° Torr, after which argon, for example, is
introduced to produce an argon partial pressure from about 0.0001 Torr (0.1 mTorr) to about 0.020
Torr (20 mTorr). Two electrodes, a cathode and an anode, are generally disposed in the vacuum
chamber to generate a plasma in the chamber. The cathode is typically made of the material to be
deposited or sputtered, and the anode is generally formed by the enclosure (particular walls of the

vacuum chamber, or the support member upon which the substrate sits, for example). At tiines, an
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and heat is transferred between the platform and the substrate, to assist in obtaining the desired film
coating upon the substrate. As device geometries shrink, the coating is preferably a thin film which
needs to have an even thickness, controlled stress and the desired material morphology, while

providing excellent step coverage. To obtain such a thin film coating, it is desirable to maintain the

substrate at a uniform temperature within a few degrees Celsius. Preferably, the temperature is near
but below the melting point of the material from which the film is being formed. It is very important
that the substrate temperature be repeatable each time a given process is carried out. Thus, the heat
transfer between the platform and the substrate must be uniform and repeatable.

In a typical CVD process, to facilitate uniformity of deposition coverage of the substrate, the

deposition is carried out in a vacuum chamber under a partial vacuum. The pressure in the CVD

chamber commonly ranges from about 0.070 Torr (for plasma enhanced CVD) to about 200 Torr
(for “high pressure” CVD). As reactive gases are fed into.the chamber, they are directed via a
pressure differential (created by the vacuum system applied to the CVD chamber) across the surface

of the substrate to be coated in a manner which provides an even flow of reactant gases over the -. .

subs;:rate surface. The deposition is also controlled by the temperature of the surfaces which contact
the reactant gases. Thus, it is critical that the substrate surface be controlled at a desired uniform

temperature.

The substrate support member upon which the substrate sits is commonly used as the means
for transferring heat to and from the substrate. Radiant, inductive, or resistance heating are the most
commonly used techniques to heat a support platform, but it is also possible to circulate a heat
transfer fluid internal to the support platform to provide heating or cooling of the support platform.

‘When the pressure in the process chamber is about 5 Torr or less, convective/conductive heat

transfer between the substrate and the platform becomes impractical. Since the substrate and the
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I oni zabl e gas such as argon or heliumis introduced in a vacuum chanber.
The pr.essure in the vacuum chanber is reduced to about 10[err] to about
10[err] Torr, after which argon, for exanple, is introduced to produce an
argon partial pressure fromabout 0.0001 Torr (0.1 mflorr) to about 0.020
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the substrate, to assist in providing even heat transfer between the support platform and the substrate.
Preferably the heat transfer fluid used between the substrate and its support platform is in constant
movement (flowing) to provide yet another improvement in the uniformity of the heat transfer. The
heat transfer fluid commonly used between the support platform and the substrate is one of the gases
used in the sputtering, CVD or etch process.

A frequently-used substrate support platform design is one having a substrate contact surface
which is principally flat-faced with openings and/or exposed channels spaced at various locations
upon this surface. The fluid used to transfer heat between the platform and the substrate flows
through the openings or is fed through an opening into exposed channels in the flat-faced surface of
the platform. The heat transfer fluid can be provided to the platform from a fluid supply source via
tubing which connects the fluid supply source to the platform. The platform itself may include
various means for directing fluid to the openings and/or exposed channels in the surface of the
platform.

In operation of a semiconductor processing apparatus, the substrate to be processed is

to be deposrTORYEVPOGKEWNO.AMA4 and

typically mechanically or electrostatically clamped along its edges to the substrate-facing surface

of the support platform. The fluid used to transfer heat between the support platform and the
subsirate is typically a gas such as helium, argon, hydrogen, carbon tetrafluoride, or
hexafluoroethane, for example, or other suitable gas that is a good heat conductor at low pressure.
This heat transfer fluid is applied through openings or supplied into exposed chanmels in the
substrate-facing surface of the support platform.

Electrostatic clamping of semiconductor substrates on a support platform, such as a pedestal,
is typically accomplished with an electrostatic chuck. An electrostatic chuck typically includes at
least a dielectric layer and an electrode, which may be located on a chamber pedestal or formed as
an integral part of the chamber pedestal. A semiconductor substrate is placed in contact with the

dielectric layer, and a direct current voltage is placed on the electrode to create the electrostatic -
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-2- auxiliary anode may be used or the article to be coated nay serve as
t he anode, Typically, a high voltage is applied between these two

el ectrodes to strike a plasna in the chanber, and the substrate to be
coated is disposed upon a platform positioned opposite the cathode. The
pl at f orm upon which the substrate sits during processing is often heat ed

and/ or cool ed, and heat is transferred between the péx%i{ &xﬂh%dﬁtwfoﬂ omus
substrate, to assist in obtaining the desired fil m cQarorNgy HPEKET NO.AM-1204

substrate. As device geonetries shrink, the coating is preferably a thin
film vietrackive forctstotadhéra dee substeateon ﬂmbichtdkesﬂm eleotoktatid tlagtkds partieularig usdfel in

desir evdacurrutixtl gltolcgslsmréoe;neﬂgxln?gné wmle Ithe maximum differential pressure which can be established
between the low pressure chamber and the face of the chuck is insufficient to firmly grip the
substrate on the chuck, or where mechanical clamping of the substrate is undesirable.

5 Although a simple electrostatic chuck may be formed from as little as a single dielectric layer
and an electrode, the materials and construction of an electrostatic chuck will vary from one
application to another, particularly in high temperature or low temperature processes. A typical low
temperature electrostatic chuck is configured as a thin laminate member supported on a ¢chamber
pedestal to receive and support the substrate. The laminate member preferably includes an electrode

10 core, preferably a thin copper member, which is sandwiched between upper and lowef dielectric
layers of an organic material such as polyamide. An adhesive such as polyamide may be used to
attach the polyamide layers to the electrode core. The lower dielectric layer of the laminate member
is attached directly to the upper surface of the chamber pedestal, usually with an adhesive such as
polyamide, and the upper dielectric layer forms a planar surface on which the substrate is received.

15 To prevent exposure of the electrode to the chamber environment, the upper and lower dielectric
layers and adhesive layers extend beyond the edges of the electrode core, and are interconnected at
that location to form a dielectric barrier between the electrode core and the chamber environment.
To supply the high voltage potential to the electrode, a strap, formed as an integral extension of the
laminate member, extends through or around the edge of the pedestal and connects to a high voltage

20 connector on the underside of the pedestal.

Low temperature electrostatic chucks used in certain physical vapor deposition processes are
made of a dielectric coated aluminum shell. In both high and low temperature electrostatic chucks,
the aluminum shell will typically enclose equipment such as a thermocouple, electrical conductor
leads to the electrostatic chuck and a heat transfer gas supply line. When a heating element is

25 included in the shell, the heater must be configured to avoid interference with the other eﬁuipment.
Unfortunately, the necessary heater configurations do not provide uniform heating of the substrate
support platform and, ultimately, the substrate. Temperature nonuniformity of the substrate leads to -
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provi di ng excell ent step coverage. To obtain such a thin filmcoating, it
i's-desirable to maintain the substrate at a uniformtenperature within a
few degrees Celsius. Preferably, the tenperature is near but bel ow the
melting point of the material fromwhich the filmis being fornmed. It is
very inportant that the substrate tenperature be repeatable each ti

given process is carried out. Thus, the heat transfegxﬂgggs\mwd,bﬁosti‘rgg $r m
and the substrate must be uniform and repeatable. |n ATTORFEYDQCKERND. AV-00€SS,
to facilitate uniformty of deposition coverage of the substrate, the
deposi Rewmiform Hmdepgsiior. i n a vacuum chanber under a partial vacuum The

bl s onhatBESCE e Bkl FRTRR s Shoncr AR diat SerieopdBpibsautiny
react i uRifSaIRatiAE Bvdrdsk sutfafe bI'EsbsRatBand allBRoPEduisthétCieASory) wWirés or the like
to pass through or be positioned within the support member. It would be desirable to have a

5 substrate support member with an integral electrostatic chuck in an intimate thermal relationship
with a heater. Furthermore, it would be desirable to'have a heater that would provide substantially

uniform and repeatable heating of a substrate surface.

Summary of the Invention
The present invention provides a substrate support member for providing heat to a substrate
10 during a fabrication process, the substrate support comprising a rigid body having a generally planar
top surface for supporting a substrate thereon and an annular flange extending downwardly from the
outer perimeter of the generally planar top surface and defining a cavity therebetween, the body
comprising a material compatible with the process environment; an electrically resistive heating
member intimately molded within the cavity of the body; and electrically conductive leads for
15 coupling the electrically resistive heating member to a voltage source.

The present iﬁvention further provides a substrate support. member for providing heatto a . -
substrate during a vacuum process, the substrate support comprising an electrostatic chuck having . -
an electrode, an electrical insulator disposed on the electrode configured to receive a substrate
thereon; a moldable, thermally conductive material formed having a heating member disposed

20 therein, said conductive member located adjacent to a surface of the electrostatic chuck; and an

electrical conductor for coupling the heating member to a voltage source.

Brief Description of the Drawings
So that the manner in which the above recited features, advantages and objects of the present

25 im_/ention are attained and can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated
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pressure differential (created by the vacuum system applied to the CVD
chanber) across the surface of the substrate to be coated in a manner which
provi des an even flow of reactant gases over the substrate surface. The
deposition is also controlled by the tenperature of the surfaces which
contact the reactant gases. Thus, it is critical that the substrate St#rface
be controlled at a desired uniformtenperature. The %ﬂpﬁg %o?’éiﬁﬂ#gus
menber upon which the substrate sits is comonly use SOCRKNG. ho4
transferring heat to and fromthe substrate. Radi ant, inductive, or

r esi stinthecappemdedrdyawings.t he nost comonly used techniques to heat a support
platform hut it is also possible to circulate a_heat transfer f|uid

i nternal t dt e bs atsey owgver.ithatthe apnsnded drawmes illusiratsronty, bipiGa embodiments
suppordg tﬁ.L) %Jeﬂfigﬁ and are therefor not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

5 Figure 1 is a top plan view of a multiple chamber integrated circuit processing system 10 in.
which a support member of the present invention nfay be used to advantage.
Figure 2 is a partial sectional view of an exemplary PVD processing chamber having a
support member of the present invention disposed therein.
Figure 3 is a cross-sectional view of a support member of the present invention having an
10 electrode and electrically resistive core with passages and channels for a backside gas, eieclrically
conducting wires, and the like.
Figure 4 is a bottom view of a first embodiment of a support member of the present invention
‘having a composite heating media molded into the body directly below the electrodes of the
‘electrostatic chuck.
15 Figure 5 is a bottom view of a second embodiment of a support member of the present
invention having a discrete heating coil disposed in a moldable thermally conducting material. .-
Figure 6 is a top view of a support member of the present invention having radial channels -
formed therein for passage of a heat transfer fluid.
Detailed Description of the Invention
20 The present invention provides a method and apparatus including an electrically resistive
member for generating heat and providing efficient and uniform heat transfer to at least a first object.
More particularly, the invention provides an electrostatic chuck providing more uniform heating to
a substrate positioned on a substrate support member in a vacuum processing chamber. Even more
particularly, the electrostatic chuck may be incorporated into the substrate support pedestal and have
25 a heating member in intimated contact with therewith for providing more uniform heat conduction

to a substrate during processing. In one aspect of the invention, a heating member is disposed within
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When the pressure in the process chanber is about 5 Torr or |ess,
convective/ conductive heat transfer between the substrate and the platform
beconmes inpractical. Since the substrate and the -3 - platformtypically
do not have perfectly level surfaces which would enable sufficiently even
heat transfer by direct conduction, it is helpful to prOV|de a heat
transfer fluid between the platformand the substrat oS nmh@ﬁuum

provi di ng even heat transfer between the support pla ﬁbﬁﬂg&lﬁ 0. AM-1204
substrate.

‘an electrostatic chuck to provide direct conductive heating of the electrostatic chuck. The preferred
electrostatic chuck of the present invention incorporates a composite heating media intimately
molded within the electrostatic chuck, wherein the composite is resistively heated over a large
surface area of the electrostatic chuck.

5 * In one aspect of the present invention, a composite heating media is comprised of electrically
conductive particles or fragments suspended in a the.rmally conductive material in close proximity -
so as to create a material with specific resistive qualities. The heating media can be molded inside
cavities, between individual members or encapsulating components to provide efficient and uniform
heat transfer between. The invention may be used to advantage around pipes or vessels for heating

10 the contents, within members for providing heat to adjacent members or workpieces, énd in any
other application where heat can be more efficiently or uniformly provided by intimate contact with
a member to be heated, whether or not the member to be heated is the ultimate member or workpiece
requiring heat. _

The present invention eliminates the mechanical connections found in presently available

15 heaters between the electrostatic chuck and a heater housed within the lower portion of the substrate
support pedestal. Mechanical connections between two surfaces seldom mate perfectly due to
variations and defects in the surfaces and, therefore, provide inefficient and nonuniform thermal .
conduction between the two surfaces. By contrast, the heating element of the present invention is

_ cured or otherwise formed within the backside of the electrostatic chuck to obtain substantially void-

20 free contact.

According to another aspect of the invention, a thermally conductive material is formed
around a heating member and positioned adjacent to a surface of an electrostatic chuck. The
thermally conducting material should be a moldable material to form a substantially void-free,
thermally conducting path from the heating member, such as an electrically resistive coil, to the heat

25 transfer surface of the electrostatic chuck. Where the heating member is an electrically resistive
member, the material should hold and secure the member as well as allow electrically conducting

leads to pass therethrough. Where a backside gas is used to transfer heat from the electrostatic chuck
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Preferably the heat transfer fluid used between the substrate and its
support platformis in constant novenment (flowi ng) to provide yet anot her
i nprovenent in the uniformty of the heat transfer. The heat transfer fluid
comonl yused between the support platformand the substrate is one of the
gases used in the sputtering, CVD or etch process. A frequently-useg .
substrate support platformdesign is one having a sSupSRESHMADCKHD) Eresiordiid
which is principally flat-faced with openings and/or AITOBNRY(POCKENN(RAM-1204
spaced at various | ocatjons upon this surface. The fluid used to transfer

heat b $SWbstialfe thy matesiahcam he mpalded tos formy passagssthrongh thenthermaalls, eondugtiverr
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members.

According to yet another aspect of the invention, the thermally conducting material fills a

cavity within the electrostatic chuck and has sufficient electrical resistivity to heat the electrostatic -

chuck when a voltage is applied thereto. The thermally conducting, electrically resistive material
is still formed around certain passages or members of the electrostatic chuck, but the material
eliminates the need for a separate heating coil because the voltage source applied directly thereto
causes the resistive material to heat. This aspect of the invention has the advantage of generating
heat directly adjacent to the surface of the electrostatic chuck and directly adjacent any passages or
members within the electrostatic chuck to provide substantially uniform heating across the area of
the electrostatic chuck. A plurality of passages can be formed within the heating media without
damaging the heating media or causing nonuniform heating,

The present invention is useful for any type of vacuum deposition chamber for semiconductor

ace

fabrication, such as a-physical vapor deposition (PVD) chamber or a chemical vapor deposition -

(CVD) chamber for- depositing a conductor, semiconductor or .dielectric film on a substrate. -

Furthermore, it should be noted that the present invention may be used to advantage with any type
or style of electrostatic chuck or the heat transfer surface of any substrate support pedestal including
a vacuum chuck. The invention will be described below in a preferred implementation within a
pedestal-mounted electrostatic chuck in a conventional PVD chamber for depositing a metal film
on a semiconductor substrate. It should be recognized that the invention may be implemented with
equal advantage in either a single chamber system or an integrated multiple chamber. system or
cluster tool. Before describing the features of the invention, the components of a preferred cluster

tool, a conventional PVD chamber and the fabrication process occurring therein are described.
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t ubi ng whi ch connects the fluid supply source to the platform The platform
itself. may include various neans for directing fluid to the openings and/ or
exposed channels in the surface of the platform In operation of a

sem conduct or processi ng apparatus, the substrate to be processed is
typically nechanically or electrostatical : y ;:I arrpe_cli_hal ]9|ng_ ijt S eggfa’égmt he
substrate-facing surface of the support platform e uid _use

transfer heat between the support platformand the sﬂﬁm%o Emmﬁl y a
gas such as helium argon, hydrogen, carbon tetrafluoride, or

hexaf |AmIntegiateibPrdcessiixSystesd, or ot her suitable gas that is a good heat
conductor at |ow pressure. This heat transfer fluid is applied through
openi ngs omNawgpferring tonFiguss Jo setopcplanridew dofra mdtiple chamber integrated circuit
processing system (or cluster tool) 10 is shown having a plurality of chambers with substrate support
members 20 of the present invention positioned therein. Typically, substrates 23 are introduced and - .
5 withdrawn from the cluster tool through a cassette loadlock 16. A robot 18 having a blade 11 is
located within the cluster tool 10 to move the substrates 23 through the cluster tool. One robot 18
is typically positioned in a buffer chamber 22, typically operated at a pressure between about 103
and about 107 torr, to transfer substrates between a cluster or group of chambers, for example a
cassette loadlock 16, degas wafer orientation chamber 17, preclean chamber 19, PVD TiN ARC
10 chamber 21 and cooldown chamber 23. A second robot 15 is located in the transfer chamber 24 to
transfer substrates 23 to and from a second cluster or group of chambers, for example the cooldown
chamber 23, coherent Ti chamber 26, CVD TiN chamber 27, CVD Al chamber 28 and PVD AlCu
processing chamber 29. The transfer chamber 24 in the integrated system 10 is preferably
maintained at a vacuum pressure between about 107 and about 10°® torr. The cluster or group of
15 chambers in Figure 1 comprise an integrated processing system capable of both CVD and PVD
processes in a single cluster tool. The specific configuration and combination of chambers is merely
illustrative and should not be taken as limiting the application of the present invention..
An exemplary cluster tool is disclosed by Tepman et al. in U.S. Patent No. 5,186,718,
entitied “Staged-Vacuum Wafer Processing System and Method,” which issued on February 16,
20 1993, which is hereby incorporated by reference.

Conventional Processing Chamber Components
Referring now to Figure 2, a simplified sectional view of a processing chamber 12 is shown

incorporating an electrostatic chuck of the present invention. The chamber 12 generally includes a

chamber enclosure wall 30, having at least one gas inlet 32 and an exhaust outlet 33 connected to
25 an exhaust pump (not shown). A substrate support pedestal 20 is disposed at the lower end of the

chamber 10 to support a substrate thereon during processing. A target 35 is received at the upper -

10
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substrate-facing surface of the support platform Electrostatic clanping of
sem conduct or substrates on a support platform such as a pedestal, is
typically acconplished with an el ectrostatic chuck. An electrostatic chuck

typically includes at

be | ocated on a chanber pedestal or fornmed as an integral part of t he
chanber pedestal. A seniconductor substrate is pl ace‘gu,' %{ﬁg

dielectric layer, and a direct current voltage is pla ﬂnbdﬁ]&w@ féde
to create the electrostatic
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end of the chamber 10 to provide a deposition material to be deposited on the substrate. The target
35 is electrically isolated from the enclosure wall 30. The enclosure wall 30 is preferably grounded
and a negative voltage is maintained on the target 35 with respect to the grounded enclosure wall 30
in order to strike and maintain a plasma within the chamber.

In preparation for receiving a substrate 23 into the chamber 10, the substrate support pedestal
20 is lowered by a drive mechanism 42 so that the bottom of the pedestal 20 is close to a wafer pin
positioning platform 36 having vertically slidable pins 34. The pedestal 20 generally includes three
vertical bores (not shown) through which the vertically slidable pins 34 extend. When the pedestal
20 is in the lowered position just described, the upper tip of each pin 34 protrudes above the upper
surface of the pedestal 20. The upper tips of the pins define a plane parallel to the upper surface of
the pedestal 20 to receive a substrate thereon to be positioned on the pedestal 20.

The robot arm 19 (shown in Figure 1) carries a substrate 23 into the chamber 12 and places
the substrate above the upper tips of the pins 34. A lift mechanism 43 moves the pin platform 36
upwardly, to place the upper tips of the pins 34 against the underside of the substrate 23 and
additionally lift the substrate off the robot blade 19. The robot blade then retracts from the chamber
12 and the lift mechanism 42 raises the pedestal 20 so that the top surface of the pedestal comes into

| east a dielectric |ayer and an el ectrode, which may

contact with the underside of the substrate, lifting it further until an optimum distance from target ,:

is achieved.

) At this point, the film deposition process can begin. In the case of the exemplary PVD
chamber 12 shown in Figure 2, a PVD process gas (typically argon) is supplied to the chamber
through the gas inlet 32, and a DC power supply 38 applies a negative voltage to the PVD target 35.
The voltage excites the argon gas to a plasma state, and argon ions bombard the negatively biased
target 35 to sputter material off the target. The sputtered material then deposits on the substrate 23.
After a film layer has been deposited on the substrate 23, the substrate is removed from the chamber

12 by reversing the sequence of steps by which it was carried into-the chamber 10.
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attractive force to adhere the substrate on the chuck. An electrostatic
chuck .is particularly useful in vacuum processing environments where th
maxi mum di fferential pressure which can be established between the |ow
pressure chanber and the face of the chuck is insufficient to firmy grlp
the substrate on the chuck, or where nechanical clanping of the suga;gr

is undesirable. Al though a sinple electrostatic chuakemiBymkie Nd MR em as
little as a single dielectric |layer and an el ect r ode ATTORNEYRQGKET NO.AMeipnd
constructian of an, el ctrost tic chuck will vary fromone application t

anot
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| am nat e nenber supporte

AdeBer ature or | ow tenperature processes.

on'ac edes 10 recélve ana supp

subst rldtrourifédetol oz foraing th‘a&ub@nrtim&ifﬁth@hibﬁtratﬂ%hppiﬁs pédesgl 201 rMidelectrostatic
chuck 14 may contain channels 52 formed in the top surface of the electrostatic chuck 14 which
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cooperate with the substrate 23 to allow controlled passage of a heat transfer gas or masking gas
between the electrostatic chuck and the substrate. The gas is supplied to the channels 52 through
a supply passage 54 extending through the electrostatic chuck 14 and the support pedestal 20.

The electrostatic chuck 14 includes a body 56 comprised of an electrode coated with a
dielectric material. Electrically conducting wires 58 couple the electrodes to a voltage source at
point 60. A thermally conducting material 62 is molded within the cavity in the bottom of an
clectrostatic chuck defined by the body 56. The thermally conducting material 62 may be any
moldable material that has sufficient thermal conductance at operating temperatures for efficient
heat transfer to the electrostatic chuck and the substrate. Note that the support member 20 may
be a hollow member supporting the body 56 only at the circumference.

Where the thermally conducting material is intended to form a composite heating element,
the preferred material includes electrically conducting fragments, such as carbon fibers, metal

shavings or similar material, in sufficient amount to allow adjacent fragments within the:

e

(0]
A

t he

composition to contact each other and thereby provide electrical resistance heating. The fragments

may be bound in a non-electrically conducting, but preferably thermally conducting, binder
material that is moldable or curable into a desired shape or defined cavity. In order for the
composite heating element 62 to generate heat, electrically conducting wires 64 having leads
embedded within the composite 62 are provided to complete an electrical circuit by which
electricity is passed through the composite 62. Members or components of any type, such as
electrical connections or terminals, sensors, a cooling manifold or tube, may extend within or on
the surface of the composite. Specifically, thermocouples or other temperature measuring devices

66 may be disposed within or on the surface of the composite 62 to monitor the temperature of
the composite.
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core, preferably a thin copper nenber, which is sandw ched between upper
and l-ower dielectric layers of an organic material such as polyam de. An
adhesi ve such as pol yam de nay be used to attach the pol yanm de |ayers to
the el ectrode core. The lower dielectric |ayer of the |am nate nenber is
attached directly to the upper surface of the chanber pedestal, usuall
Eﬁs a

w th an adhesi ve such as pol yam de, and the upper diFg‘L&H’Lﬁ RARL 5
pl anar surface on which the substrate is received. Qrﬂimengghxm;gﬁnmwf

the el ectrode to the chanber environnment, the upper and | ower dielectric

| ayers and mudhes thecelectiiedlly contiedtthgbeirey)dudihas witer64,aindidilerahembersgsuchase,
and are interconnected at that location to forma dielectric harrier

bet wegassage 54, eemmyaicatsovith passagesc6g thapusty the syppashrember 28 leading gut efcthg; gn

\églt ;ﬁ%ﬁaﬁ%%lfea k%le E;igurte% Etll ﬁﬁé ;n%gﬁer, @oﬁﬁgreas%urgeg,r gfsgs A% e il & B 1ocated
outside of chamber 12.

5 Now referring to Figure 4, a bottom view of the electrostatic chuck 14 of Figure 3 is shown

having a composite heating element 62 molded within the body 56. Electrically conducting wires .
60 and 64 are molded into the composite 62 to couple voltage sources to the electrode of the
electrostatic chuck and the composite 62 comprising the heating element. The passage 54 is formed
through the electrostatic chuck 14 for passage of heat transfer gases to the top surface of the

10 electrostatic chuck. Any number of terminals can be located strategically to providé the best
temperature uniformity over the chuck surface.

Now referring to Figure 5, a bottom view of a second embodiment of the electrostatic chuck
80 is shown having a discrete heating coil 65 disposed in a moldable, thermally conducting material
62. Electrical wires 64 connect a voltage source to the ends of the electrically resistive heating coil

15 65 to provide energy sufficient to heat the coil. The coil 65 may take any shape that covers the area
of the electrostatic chuck, but the shape chosen will limit where the wires 60, 64 and passage 54 can
be located. A second coil may be used to provide additional heating capability, if needed.

Now referring to Figure 6, a top view of a preferred electrostatic chuck is shown having
radlal channels 70 for passage of a heat transfer gas over the surface of body 56. The channels 70

20 may take any shape known to be useful in the art.

As previously stated, the thermally conducting and optionally electrically resistive material
may be utilized to provide a heating member having intimate contact with adjacent members to
promote efficient and uniform heat transfer through the heating member. The invention is useful in
many applications where uniform heating is beneficial. While the present invention has been

25 discussed primarily in the context of an electrostatic chuck, the invention may find additional
applications through vacuum processing chambers and associated apparatus. Particularly, the

invention is equally well suited for use in vacuum chucks which supply a vacuum to the bottom

13
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| am nate menber, extends through or around the edge of the pedestal and
connects to a high voltage connector on the underside of the pedestal. Low
tenperature electrostatic chucks used in certain physical vapor deposition
processes are made of a dielectric coated alum numshell. In both hi gh and
| ow tenperature electrostatic chucks, the alum numshell wll typi ca

encl ose equi pnent such as a thernocouple, electri calumg%igaé ﬁ t he
el ectrostatic chuck and a heat transfer gas supply | affo pOCIET RO, .lag
elenment is included in the shell, the heater nust be configured to avoi d

i nt er fsurfageed substiatestie sembethemtfo ithemxbsu-athlsﬁnromptdemlyA fldt pedescat vy be disedt er

configurati ons do,not I’OVI e uni form heatjng of the substrate support
pl at f %\‘ h\ Q’ﬁcp resanf |‘W§P@ N, to achievs paiform b eatﬁéﬁ?g’é‘?‘%ﬂsew%ndhlsf Ysorpossible te he

subst icaptiird the WafdrQsing a weighted clamping mechanism that holds the wafer in place to allow the
use of a back side gas. | |

5 While the foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basic scope
thereof. The scope of the invention is determined by the claims which follow.
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nonuni form fil mdeposition. Therefore, there remains a need for a substrate
support menber  that can provide substantiall y uni form heating over the
surface of a substrate and all ow for equi pment sensors, wires or the like

to pass.through or be positi OnEk Shid Rishel ﬁﬁﬂ port menber. It woul d be

desirabl e to have a substrate s th an integral ec atic
chuck in an intimate thermal re Hm&n h a hegﬁm@iﬁ@gﬁ;ﬁﬁﬁ%ﬁ
woul d be desirable to have a he d prowdn'onmmstoammhwm

What Is Claimed Is:

1 1. A substrate support member for heating a substrate comprising:

2 a) a rigid body having an upper surface for supporting a substrate thereon and a lower
3 surface, the body comprising a composite material compatible with the vacuum process
4 environment;

5 b) an electrically resistive heating member located adjacent the lower surface of the body;
6 and

7 c) electrically conductive leads for coupling the electrically resistive heating member to a
8 voltage source. |

1 2. The substrate support member of claim 1, further comprising:
2 d) a thermocouple secured to the rigid body.

3. The substrate support member of claim 2, wherein the thermocouple is molded into the
2 heating member.

1 4. - The substrate support member of claim 1, wherein the heating member comprises a resistive
2 heating coil encapsulated within a curable material.

5. The substrate support member of claim 1, wherein the heating member comprises a
composite material having sufficient resistivity to heat the substrate support member to a

temperature up to about 600 degrees Celsius.

6. The substrate support member of claim 1, wherein the composite material has sufficiently

N AW N -

uniform resistivity to control the temperature of the substrate support member within about 2 degrees

15
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uni form and repeatabl e heating of a substrate surface. Summary of the
|.nveriti on. The present invention provides ‘asubstrate support member for
provi ding heat to a substrate dLIL iis&g afﬁlbrl cation process, the substrate

support conprising a rigid body ! 89y pl anar top surface for
supporting a substrate thereon a mﬂ U | ange ext endi ng downwar dl y
fromthe outer perineter of the r to&xﬁ&@ﬁﬁﬁr&%ﬁnﬂﬂi}%ng a
cavity therebetween, the body conprising a material gPfRREY BOCREYNG. AM
process environment; an electrically resistive heating nenber intimately

ol deCelsiustofa setpointtemperatire.t he body; and el ectrically conductive .| eads for
coupling the electrically resistive heating nenber to a voltage source.

1 7. The substrate support member of claim 6, wherein the voltage source is controllable to

2 provide between about 10 and about 100 volts of alternating current.

1 8. The substrate support member of claim 6, wherein the composite material comprises
2 conductive filaments in a curable material.

9. The substrate support member of claim 6, wherein the composite material is formed about
2 a thermocouple.
1 10.  The substrate support member of claim 6, wherein the composite material is formed about

2 a passageway for delivery of backside gas through the composite material to the substrate.

11.  The substrate support member of claim 10, wherein the backside gas is delivered to the
2 electrostatic chuck at interface between the substrate support member and the substrate.

12. A substrate support member for heating to a substrate, comprising: ,
) a) an electrostatic chuck having an electrode, an electrical insulator disposed on the
electrode configured to receive a substrate thereon and a concave bottom portion;

b) an electrically resistive heating coil positioned within the concave portion;

c) a moldable, thermally conductive material formed about the heating coil in intimate
thermal contact with the concave portion of the electrostatic chuck; and

d) electrically conductive leads for coupling the electrically resistive heating member to a

voltage source.

00 3 O U bW N e

1 13.  The substrate support member of claim 12, further comprising a passage through the
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The present invention further provides a substrate support menber for
provi-ding heat to a substrate during a vacuum process, the substrate
support conprising an el ectrostatic chuck having an el ectrode, an

el ectrical insulator disposed on the electrode configured to receive a
substrate thereon; a noldable, thermally conductive materi al forned havi ng

a heating nenber disposed therein, said conductive Wmﬁ ent

to a surface of the electrostatic chuck; and an el ec tmi;m.l

coupl i ng the heating nmenber to a voltage source. Brief Description of the
2r awi theem8&ly cdndnctiveematerialandithe elbctedstaticehadiotoaielieer Heatitrimsfirigas t the dacerifages

gnd B{e ts of .th resent invention are attained and can be understood in
et aj 1€ Geqigstats g ¥G%cul ar description of the invention,

1 14.  The substrate support member of claim 13, further comprising:
2 ¢) a thermocouple secured to the rigid body.

1 15.  The substrate support member of claim 14, wherein the thermocouple is molded into the rigid
2 body. '

1 16.  The substrate support member of claim 13, wherein the electrode has conductive leads
2 passing through the thermally conductive material.

A L
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briefly summari zed above, may be had by reference to the enbodi nents

t hereof which are illustrated -6 - in the appended drawings. It is to be

noted, however, that the appended drawi ngs illustrate only typical
enbodi ments of this invention and are therefor not to be considered
limting of its scope, for the invention may admt to other equall;i,m,l‘:NT

ef fecti ve enbodi nents. EXPRESS MAIL NO. EM051970123US
ATTORNEY DOCKET NO. AM-1204

Abstract of the Disclosure

The present invention provides a heating member that can be molded inside cavities, between
individual members or encapsulating components to provide efficient and uniform heat transfer. The
invention may be used to advantage around pipes or vessels for heating the contents, within members

5 for providing heat to adjacent members or workpieces, and in any other application where heat can
be more efficiently or uniformly provided by intimate contact with a member to be heated, whether
or not the member to be heated is the ultimate member or workpiece requiring heat. In one aspect
of the invention, a heating member is disposed within an electrostatic chuck to provide direct
conductive heating of the electrostatic chuck and, ultimately, a silicon wafer up to températures as

10 high as about 600 degrees Celsius. The preferred electrostatic chuck incorporates a composite
‘heating element intimately molded within the electrostatic chuck, wherein the composite is

resistively heated over a large surface area of the electrostatic chuck.

Th1s Sheet Has Bee
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Figure 1 is a top plan view of a nultiple chanber integrated circuit

processi ng system 10 in which a support nenber of the present invention may

be used to advantage. .Rigure 2 is a partial sectional view of an exenplary
Schanber "havi nghia SkegipeBéenREgHer of the present invention

PR
&Mﬁ% Figure 3 Isaﬁmgu nal view of a suppor¥ genbey -é.j)f
the present ihvention having mﬁgrgﬁ

d electrically resistig-cor
wi t h passages and channel s for

s, electrically conducting
wires, and the like. Figure 4 is a bottomview of a first enbodi ment of a
support nenber of the present .invention having a conposite heating nedia
nol ded into the body directly bel ow the el ectrodes of the '

/10
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el ectrostatic chuck. Figure 5 is a bottomview of a second enbodi nent of a
support nenber of the present invention having a discrete heating coil

di sposed in a noldable thermally conducting material. Figure 6 is a top
view of a support menber of the present invention having radial channels
forned-therein for passage of a Fiehedt HamRbxephleyi d. Detail ed Description

OpRINTSOF DRAWINGS The Ppr dsent inve i a net hod and appar at us
i ASloriCARLY FlXa ri cal |y resisti Eﬂﬁm’generati ng heat ancb' S e
provi ding effi.cient and uniform hea Ml at | east '@ f1rst Wbfect? 2
More particularly, the invention provides an electrostatic chuck providing

nore uni formheating to
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PRINFQRBRAWRNGS t i oned on a substrate support nenber in a vacuum processi ng
cAS PRIGIN FIEDe particularly, the electrostatic chuck may beg. .

i ncorporated into the substrate support pedestal and have a heaf)hg merbet
inintinmated contact with therew(gh for g&pviding nmore uni f orm heat
conduction to a substrate during Yyocessiygg. In one aspect of the

i nvention, a heating nenber &} di dposed wyt hin an electrostatic chuck to
provi de direct conductive heXing §f the | ectrostatic chuck. The preferred
el ectrostatic chuck of the préseptlds 1 opA ncordorates a conposite
heating nmedia intimtely
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mol ded within the el ectrostatic chuck, wherein the conposite is resistively

heat-ed over a |l arge surface area of thqhigﬁlggtt}fa%gﬁképﬁc&huck. I n one aspect

of the present invention, a conposite h conpri sed of
q [IE ﬂi'ﬁedinatherrrally
conductive material in close proximty s a material wth

el ectrically conductive particles or fr

speToEpRAWIRGS Ve qual ities. The heating nedia can be nol ded inside
CABICRIGENALIEY FE®D | ndi vi dual nenbers or encapsul ati ng conponents to.provi dg'
efficient and uniform heat transfer between. The invention may be used’tg 3
advant age around pipes or vessels for Rgating the contents, w thin menbers
for providing heat to adjacent nenbers‘or workpi eces, and in any other
application where heat can be nore effigie or uniformy provided by
intimate contact with '




a menber to be heated, whether or not the nmenber to be heated is the

ul ti'mat e- menber or workpiece requiring heat. The present invention

el i m nates the nmechani cal connections found in presently avail able heaters
bet ween the electrostatic chuck and a heater housed within the | ower
portion of the substrate support pedestal. Mechani cal connections between
two surfaces seldom mate perfectly due to variations and defects in the
SPRINTCRDRAWINGS er ef or e, provide inefficient and nonuniformtpgrmal . ., .5
CASORIGIVALIDEFTIEM the two surfaces. By contrast, the heat.ifg ‘ekenens gfa
the present invention is cured or otherwise formed within the backsi de of
the electrostatic chuck to obtain F_'Ibstantial ly void- free contact. -

?
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Accor di ng to anot her aspect of the invention, a thermal I y conductlve

mat er i al

surface of an elf&@[!\ﬁv ﬁgmi §H9{qu k. The th_errrall
i O

be a nol dabl e m

coil, to

Is forned around a heating nenber and post

J SF%%UOHE‘C T%l’g
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p g substantially yepa-rree “thermahdy = o g b
conducting path from the heatijnd menber, such a$ ]é‘lné(élrm%{’lgi “]];etg %aﬁexgm
the heal OraREBeWI8urlf dce of tha el ect | oftRiaming(s) chag krta ed
menber{ ik an el ectricdllly resistive neMJeafAb‘lﬁ@Cfrmt P48 sﬁBuﬂ’a@

heat i ng
hol d and

secure the nenber as wgll as allow elegtrically conductl‘;{;ﬂ%]g@1

to pass therethrough—\Vhere a bdckside gas is ujetHATE ORRECEIPTe
the el ectrostatic chuck

SUBSTRATE SUPPORT MEMBER FOR UNIFORM HEATING OF A SUBSTRATE

ield of t ventj
The present invention relates to an apparatus for substantially uniform and repeatable heat
transfer to a substrate used in semiconductor processing, In particular, the present invention relates
to a substrate support xﬁember upon which the substrate sets during processing designed to provide

uniform heat transfer to the entire surface of the substrate during processing.

Background of the Invention

In the manufacture of many electronic or electrical components such as integrated circuits,
there is a need to deposit thin films on substrates. Materials such as aluminum, titanium, tungsten,
tantalum, tantalum nitride, cobalt, and silica may be deposited on ceramic, glass or silicon-derived
substrates using physical vapor deposition (PVD) processes such as a physical sputtering process.
Another method of deposition of; solid materials upon a substrate is chemical vapor deposition
(CVD), wherein a solid material is deposited from a gaseous phase onto a substrate by means of a
chemical reaction. The deposition reaction involved is generally thermal decomposition, chemical
oxidation, or chemical reduction. The CVD process can be used to deposit many elements and
alldys as well as compounds including oxides, nitrides and carbides. The thin film deposited may

be subsequently etched or otherwise fabricated into circuits and/or other electrical components.

In a typical PVD process, such as physical sputtering, a low pressure atmosphere of an -

ionizable gas such as argon or helium is introduced in a vacuum chamber. The pressure in the
vacuum chamber is reduced to about 10 to about 10"° Torr, after which argon, for example, is
introduced to produce an argon partial pressure from about 0.0001 Torr (0.1 mTorr) to about 0.020

Torr (20 mTorr). Two electrodes, a cathode and an anode, are generally disposed in the vacuum

chamber to generate a plasma in the chamber. The cathode is typically made of the material to be -

deposited or sputtered, and the anode is generally formed by the enclosure (particular walls of the

vacuum chamber, or the support member upon which the substrate sits, for example). At times, an




-8- to a substrate, the material can be nolded to form passages through the
thermal |y conductive material to the top surface of the g eCToSatlt." ]

chuck. This aspect of the invention provides the advant dﬁﬁg‘[‘f?‘@ Tag :

and uni formy conducting heat fromthe heating nenber k ol adj acent nenferis.
According to yet another aspect of the jnvention, the {hernrgl FEBcpREuUGtiing
material fills a cavity within the el_e'ﬁr\ostatic chucki and has suffi ciiert
el ectrical resistivity to heat the electrostatic chuckLw e a- vortage i 9
applied thereto. The thermally conducting, electrically resistive naterial

auxiliary anode may be used or the article to be coated may serve as the anode. Typically, a high
voltage is applied between these two electrodes to strike a plasma in the chamber, and the substrate
to be coated is disposed upon a platform positioned opposite the cathode.

The platform upon which the substrate sits during processing is often heated and/or cooled,-
and heat is transferred between the platform and the substrate, to assist in obtaining the desired fitm
coating upon the substrate. As device geometries shrink, the coating is preferably a thin film which
needs to have an even thickness, controlled stress and the desired material morphology, while
providing excellent step coverage. To obtain such a thin film coating, it is desirable to maintain the

- substrate at a uniform temperature within a few degrees Celsius. Preferably, the temperature is near

| but below the melting point of the material from which the film is being formed. Itis veryI important

that the substrate temperature be repeatable each time a given process is carried out. Thus, the heat
transfer between the platform and the substrate must be uniform and repeatable.

In a typical CVD process, to facilitate uniformity of deposition coverage of the substrate, the
deposition is carried out in a vacium chamber under a partial vacuum. The pressure in the CVD
chamber commonly ranges from about 0.070 Torr (for plasma enhanced CVD) to about 200 Torr
(for “high pressure” CVD). As reactive gases are fed into the chamber, they are directed via a
pressure differential (created by the vacuum system applied to the CVD chamber) across the surface
of the substrate to be coated in 2 manner which provides an even flow of reactant gases over the -.
substrate surface. The deposition is also controlled by the temperature of the surfaces which contact
the reactant gases. Thus, it is critical that the substrate surface be controlled at a desired uniform
temperature.

The substrate support member upon which the substrate sits is common_ly used as the means
for transferring heat to and from the substrate. Radiant, inductive, or resistance heaﬁng are the most
commonly used techniques to heat a support platform, but it is also possible to circulate a heat
transfer fluid internal to the support platform to provide heating or cooling of the support platform,

When the pressure in the process chamber is about 5 Torr or less, convective/conductive heat

transfer between the substrate and the platform becomes impractical. Since the substrate and the



s still formed around certain passages or nenbers of the electrostatic
~chuck, but the material elimnates the need for a separate heating coil

because the voltage source applied directly thereto pauﬁee—ﬁ'ﬁ'g':“_“ llve
material to heat. This aspect of the invention has t%é!ﬁﬁblbr“a&\\ﬂ e aff
generating heat directly adjacent to tBe surface of thg €electrostatijc ichuck
and directly adjacent any passages or-®enbers within the 4 TER PoBati
chuck to provide substantially uniform heating acros he area of th}f:

el ectrostatic chuck. A plurality of passages can be tor -t e

heati ng nmedi a wi t hout damagi ng the heating nmedia or ¢ausi ng nonunifo
heating. The present invention is useful for any type©Of vacuum deposition

chanber for sem conductor fabrication, such as a physical vapor deposition
(PVD) chanber or a chem cal vapor deposition

platform typically do not have perfectly level surfaces which would enable sufficiently even heat
transfer by direct conduction, it is helpful to provide a heat transfer fluid between the platform and
the substrate, to assist in providing even heat transfer between the support platform and the substrate.
Preferably the heat transfer fluid used between the substrate and its support platform is in constant
movement (flowing) to provide yet another improvement in the uniformity of the heat transfer. The
heat transfer fluid commonly used between the support platform and the substrate is one of the gases
used in the sputtering, CVD or etch process.

A frequently-used substrate support platform design is one having a substrate contact surface

. which is principally flat-faced with openings and/or exposed channels spaced at various locations

‘ upon this surface. The fluid used to transfer heat between the platform and the substrate flows
through the openings or is fed through an opening into exposed channels in the flat-faced surface of
the platform. The heat transfer fluid can be provided to the platform from a fluid supply source via
tubing which connects the fluid supply source to the platform. The platform itself may include
various means for directing ﬂﬁid to the openings and/or exposed channels in the surface of the
platform.

In operation of a semiconductor processing apparatus, the substrate to be processed is
typically mechanically or electrostatically clamped along its edges to the substrate-facing surface
of 'the support platform.' The fluid used to transfer heat between the. support platform and-the
substrate is typically a gas such as helium, argon, hydrogen, carbon tetrafluoride, or
hexafluoroethane, for example, or other suitable gas that is a good heat conductor at low pressure.
This heat transfer fluid is applied through openings or supplied into exposed channels in the
substrate-facing surface of the support platform. '

Electrostatic clamping of semiconductor substrates on a support platform, such as a pedestal,
is typically accomplished with an electrostatic chuck. An electrostatic chuck typically includes at
least a dielectric layer and an electrode, which may be located on a chamber pedestal or formed as
an integral part of the chamber pedestal. A semiconductor substrate is placed in contact with the

dielectric layer, and a direct current voltage is placed on the electrode to create the electrostatic



(CVD) chanber for depositing a conductor, semniconductor or dielectric film
on a substrate. Furthernore, it should be noted that the present invention
may be used to advantage with any type or style of electrostatic _chuck or
the heat transfer surface of any substrate support péﬁest%tm ﬂphudrhg a
vacuum chuck. The invention wll be described bel ow}in, a ﬁmug

I npl enmentation within a pedestal - nnunLéb_gJectrostatld chuck in
conventional PVD chanmber for depositing a nmetal fil n &7S%E$6B ucdt or
substrate. It should be recogni zed that the inventi may be | npl emdntjed
wi th equal advantage in either a single chanber syst ﬁrpr an integratgd
mul tiple chanber systemor cluster tool. Before desclib re
the invention, the conponents of a preferred cluster tool, a conventional .
PVD chanber and the fabrication process occurring therein are descri bed.

attractive force to adhere the substrate on the chuck. An electrostatic chuck is particularly useful in
vacuum processing environments where the maximum differential pressure which can be established
between the low pressure chamber and the face of the chuck is insufficient to firmly grip the
substrate on the chuck, or where mechanical clamping of the substrate is undesirable.

Although a simple electrostatic chuck may be formed from as little as a single dielectric layer
and an electrode, the materials and construction of an electrostatic chuck will vary from one
application to another, particularly in high temperature or low temperature processes. A typical low
temperature electrostatic chuck is configured as a thin laminate member supported on a chamber

. pedestal to receive and support the substrate. The laminate member preferably includes an electrode

. core, preferably a thin copper member, which is sandwiched between upper and lowef dielectric
layers of an organic material such as polyamide. An adhesive such as polyamide may be used to
attach the polyamide layers to the electrode core. The lower dielectric layer of the laminate member
is'attached directly to the upper surface of the chamber pedestal, usually with an adhesive such as
polyamide, and the upfwr dielectric layer forms a planar surface on which the substrate is received.
To prevent exposure of the electrode to the chamber environment, the upper and lower dielectric
layers and adhesive layers extend beyond the edges of the electrode core, and are interconnected at
that location to form a dielectric barrier between the electrode core and the chamber environment.
To supply the high voltage potential to the electrode, a strap, formed as an integral extension of the
laminate member, extends through or around the edge of the pedestal and connects to a high voltage
connector on the underside of the pedestal.

Low temperature electrostatic chucks used in certain physical vapor deposition processes are
made of a dielectric coated aluminum shell. In both high and low temperature electrostatic chubks,
the aluminum shell will typically enclose equipment such as a thermocouple, electrical conductor
leads to the electrostatic chuck and a heat transfer gas supply line. When a heating element is
included in the shell, the heater must be configured to avoid interference with the other equipment.
Unfortunately, the necessary heater configurations do not provide uniform heating of the substrate
support platform and, ultimately, the substrate. Temperature nonuniformity of the substrate leads to



9 An Integrated Processing System Now referring to Figure 1, a top plan
view of a nmultiple chanber integrated circuit processing system (or cluster
tool) 10 is shown having a plurality of chanbers with substrate support
menbers 20 of the present invention positioned therein. Typically
substrates 23 are introduced and w thdgawn fromthe crusteﬁmtgg@gnﬂrough a
cassette | oadl ock 16. A robot 18 havrng'a bl ade 11 is R
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nonuniform film deposition. .

Therefore, there remains a need for a substrate support member that can provide substantially
uniform heating over the surface of a substrate and allow for equipment, sensors, wires or the like
to pass through or be positioned within the support member. It would be desirable to have a
substrate support member with an integral electrostatic chuck in an intimate thermal relationship
with a heater. Furthermore, it would be desirable to'have a heater that would provide substantially
uniform and repeatable heating of a substrate surface.

Summary of the Invention

The present invention provides a substrate support member for providing heat to a substrate
during a fabrication process, the substrate support comprising a rigid body having a generally planar
top surface for supporting a substrate thereon and an annular flange extending downwardly from the
outer perimeter of the generally planar top surface and defining a cavity therebetween, the body
comprising a material compatible with the process environment; an electrically resistive heating
member intimately molded within the cavity of the body; and electrically conductive leads for
coupling the electrically resistive heating member to a voltage source.

The present invention further provides a substrate support member for providing heat to a
substrate during a vacuum process, the substrate support comprising an electrostatic chuck having
an electrode, an electrical insulator disposed on the electrode configured to receiite a substrate
thereon; a mol&able, thermally conductive material formed having a heating member disposed
therein, said conductive member located adjacent to a surface of the electrostatic chuck; and an

electrical conductor for coupling the heating member to a voltage source.

Brief Description of the Drawings

So that the manner in which the above recited features, advantages and objects of the present
invention are attained and can be understood in detail, 2 more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated



| ocated within the cluster tool 10 to nove the substrates 23 through the
.cluster tool. One robot 18 is typically positioned in a buffer chanber 22,
typically operated at a pressure between about 10[err] and about 10[err]
torr, to transfer substrates between a cluster or group of chambers, for
exanpl e a cassette | oadl ock 16, degas fer orientation _chanmber 17,

precl ean chamber 19, PVD Ti N ARC chanbet” 21 and co¢l lown chanber 28.: A
second robot 15 is located in the transfer chanber |24 tp7 REB$9S
substrates 23 to and froma second cluster or grou f chambers, fopr
exanpl e the cool down chanber 23, coherent Ti chanbér T CVD 1T N Chafrber

27, CVD Al chanber 28 and PVD Al Cu processing chamfjer 29. The transfer
chanber 24 in the integrated system 10 is preferably maintained at a vacuum
pressure between about 10[err] and about 10[err] torr. The cluster or group
of

in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical embodiments
of this invention and are therefor not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

Figure 1 is a top plan view of a multiple chamber integrated circuit processing system 10 in
which a support member of the present invention m'ay be used to advantage.

Figure 2 is a partial sectional view of an exemplary PVD processing chamber having a
support member of the present invention disposed therein.

Figure 3 is a cross-sectional view of a support member of the present invention having an
electrode and electrically resistive core with passages and channels for a backside gas, eiectrically
conducting wires, and the like.

Figure 4 is a bottom view of a first embodiment of a support member of the present invention
‘having a composite heating media molded into the body directly below the electrodes of the
‘electrostatic chuck.

Figure S is a bottom view of a second embodiment of a support member of the present
invention having a discrete heating coil disposed in a moldable thermally conducting material.

Figure 6 is a top view of a support member of the present invention having radial channels

formed therein for passage of a heat transfer fluid.

Detailed Description of the Invention

The present invention provides a method and apparatus including an electrically resistive
member for generating heat and providing efficient and uniform heat transfer to.at least a first object.
More particularly, the invention provides an electrostatic chuck providing more uniform heating to
a substrate positioned on a substrate support member in a vacuum processing chamber. Even more
particularly, the electrostatic chuck may be incorporated into the substrate support pedestal and have
a heating member in intimated contact with therewith for providing more uniform heat conduction

to a substrate during processing. In one aspect of the invention, a heating member is disposed within



chanmbers in Figure 1 conprise an integrated processing system capabl e of
both CVvD and PVD processes in a single cluster tool. The specific

configuration and conbi nati on of chanbers is nerely illustrative and shoul d
not be taken as limting the application of the present invention. An
exenpl ary cluster tool is disclosed by Tepman et al. in U S. Patent

whi ch issued on February 16, 1993, which s hereby incadrp
ref erence. Conventional Processing Chanber Conponent o]
Figure 2, a sinplified sectional view of a processing chanber 12 is shgwn
I ncorporating an el ectrostatic chuck of the present i'nverttTon. The chanber
12 general ly includes a

5,186, 718, entitled "Staged- Vacuum \Waf-ef -Processi ng $y tegl(amgis I\‘?dm
ated by

“an electrostatic chuck to provide direct conductive heating of the electrostatic chuck. The preferred
electrostatic chuck of the present invention incorporates a composite heating media intimately
molded within the electrostatic chuck, wherein the composite is resistively heated over a large
surface area of the electrostatic chuck.

In one aspect of the present invention, a composite heating media is comprised of electrically
conductive particles or fragments suspended in a thérmally conductive material in close proximity -
so as to create a material with specific resistive qualities. The heating media can be molded inside
cavities, between individual members or encapsulating components to provide efficient and uniform

heat transfer between. The invention may be used to advantage around pipes or vessels for heating

" the contents, within members for providing heat to adjacent members or workpieces, é.nd in any
other application where heat can be more efficiently or uniformly provided by intimate contact with
a member to be heated, whether or not the member to be heated is the ultimate member or workpiece
requiring heat. _

The present invention eliminates the mechanical connections found in presently available
heaters between the electrostatic chuck and a heater housed within the lower po_rtion of the substrate
support pedestal. Mechanical connections between two surfaces seldom mate perfectly due to
variations and defects in the surfaces and, therefore, provide inefficient and nonuniform thermal
conduction between the two surfaces. By contrast, the heating element of the present invention is
cured or otherwise formed within the backside of the electrostatic chuck to obtain éubstantially void-
free contact.

According to another aspect of the invention, a thermally conductive material is formed
around a heating member and positioned adjacent to a surface of an electrostatic chuck. The
thermally conducting material should be a moldable material to form a substantially void-free,
thermally conducting path from the heating member, such as an electrically resistive coil, to the heat
transfer surface of the electrostatic chuck. Where the heating member is an electrically resistive
member, the material should hold and secure the member as well as allow electrically conducting

leads to pass therethrough, Where a backside gas is used to transfer heat from the electrostatic chuck



chanber enclosure wall 30, having at |east one gas inlet 32 and an exhaust
outl et 33 connected to an exhaust punp (not shown). A substrate support
pedestal 20 is disposed at the | ower end of the chanber 10 {0 suppert—sa
substrate thereon during processing. Atarget 35 is rec |RgpleEMEN§

-10- end of the chanber 10 to provide aqdeposition mat er t-o—tre—deposi
on the substrate. The target 35 is elgctiically isolated ror,P?tpEBeﬁ%m
wal | 30. The enclosure wall 30 is preferably grounded

—
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to a substrate, the material can be molded to form passages through the thermally conductive
material to the top surface of the electrostatic chuck. This aspect of the invention provides the
advantage of efficiently and uniformly conducting heat from the heating member to adjacent
members.

According to yet another aspect of the invention, the thermally conducting material fills a
cavity within the electrostatic chuck and has sufficient electrical resistivity to heat the electrostatic
chuck when a voltage is applied thereto. The thermally conducting, electrically resistive material
is still formed around certain passages or members of the electrostatic chuck, but the material

- eliminates the need for a separate heating coil because the voltage source applied directly thereto
causes the resistive material to heat. This aspect of the invention has the advantage of generaﬁng
heat directly adjacent to the surface of the electrostatic chuck and directly adjacent any passages or
members within the electrostatic chuck to provide substantially uniform heating across the area of
the electrostatic chuck. A plurality of passages can be formed within the heating media without
damaging the heating media or cﬁusing nonuniform heating,

The present invention is useful for any type of vacuum deposition chamber for semiconductor
fabrication, such as a physical vapor deposition (PVD) chamber or a chemical vapor deposition
(CVD) chamber for depositing a- conductor, semiconductor or dielectric film on a substrate.
Furthermore, it should be noted that the present invention may be used to advantage with any type
or style of electrostatic chuck or the heat transfer surface of any substrate support pedestal including
a vacuum chuck. The invention will be described below in a preferred implementation within a
pedestal-mounted electrostatic chuck in a conventional PVD chamber for depositing a metal film
on a semiconductor substrate. It should be recognized that the invention may be implemented with
equal advantage in either a single chamber system or an integrated multiple chamber system or
cluster tool. Before describing the features of the invention, the components of 2 preferred cluster

tool, a conventional PVD chamber and the fabrication process occurring therein are described.

D Qo



and a negative voltage is maintained on the target 35 with respect to the
grounded encl osure wall 30 in order to strike gnd nalnéglp a plasma wthi
the chanber. In preparation for receiving a substrate Ho—tre—cirameT
10, the substratg sﬁpport pedestal 20 is | owered by a ﬁﬁ@LNﬂaﬂﬂﬂ]_ Filo
that the bottom of the pedestal 20 is close to a wafer pir positioning
platform 36 having vertically slidabl € pins 34. The pedgs aJ-ﬂQEgpﬂggally
includes three vertical bores (not shown) through whichjthe Vertically
slidabl e pins 34 extend. Wen the pedestal 20 is in the|l eweregd—posttioOn

n

SO

just described, the upper tip of each pin 34 protrudes §bove the upper

surface of the pedestal 20. The upper tips of the pins defTme a plane
parallel to the upper surface of the pedestal 20 to receive a substrate
t hereon to be positioned on the pedestal 20.

An Integrated Processing System

Now referring to Figure 1, a top plan view of a multiple chamber integrated circuit
processing system (or cluster tool) 10 is shown having a plurality of chambers with substrate support
members 20 of the present invention positioned therein. Typically, substrates 23 are introduced and
withdrawn from the cluster tool through a cassette loadlock 16. A robot 18 having a blade 11 is
located within the cluster tool 10 to move the substrates 23 through the cluster tool. One robot 18
is typically positioned in a buffer chamber 22, typically operated at a pressure between about 10
and about 107 torr, to transfer substrates between a cluster or group of chambers, for example a
cassette loadlock 16, degas wafer orientation chamber 17, preclean chamber 19, PVD TiN ARC

- chamber 21 and cooldown chamber 23. A second robot 15 is located in the transfer chamber 24 to
transfer substrates 23 to and from a second cluster or group of chambers, for example the cooldown
chamber 23, coherent Ti chamber 26, CVD TiN chamber 27, CVD Al chamber 28 and PVD AlCu
processing chamber 29. The transfer chamber 24 in the integrated system 10 is preferably
maintained at a vacuum pressure between about 107 and about 10® torr. The cluster or group of
chambers in Figure 1 comprise.an integrated processing system capable of both CVD and PVD
processes in a single cluster tool. The specific configuration and combination of chambers is merely
illustrative and should not be taker as limiting the application of the present invention.

An exemplary cluster tool is disclosed by Tepman et al. in U.S. Patent No. 5,186,718,
entitled “Staged-Vacuum Wafer Processing System and Method,” which issued on February 16,
1993, which is hereby incorporated by reference. |

nventional Processing Chamber Components
Referring now to Figure 2, a simplified sectional view of a processing phami)er 12 is shown
incorporating an electrostatic chuck of the present invention. The chamber 12 generally includes a
- chamber enclosure wall 30, having at least one gas inlet 32 and an exhaust outlet 33 connected to
an exhaust pump (not shown). A substrate support pedestal 20 is disposed at the lower end of the

chamber 10 to support a substrate thereon during processing. A target 35 is received at the upper



The robot arm 19 (shown in Figure 1) carries a substrate 23 into the
chanber 12 and pl aces the substrate above the upper tips of t he plns 34. A
lift mechani sm 43 noves the pin platform 36 upwardly,
ti'ps of the pins 34 against the underside of the substfak
additionally lift the substrate off the robot blade 19.
then retracts fromthe chamber 12 and“tfe 1ift nechani
pedestal 20 so that the top surface of the pedestal co
t he underside of the substrate, lifting it further unti{ ptTTTom

di stance fromtarget is achieved. At this point, the fiy mdeposition
process can begin. In the case of the exenplary PVD chamber 12 shown in
Figure 2, a PVD process gas (typically argon) is supplied to the chanber

Re robot bl adé
mi{424 nEEB 9995 e

|nto cont act {wilt h

end of the chamber 10 to provide a deposition material to be deposited on the substrate. The target
35 is electrically isolated from the enclosure wall 30. The enclosure wall 30 is preferably grounded
and a negative voltage is maintained on the target 35 with respect to the grounded enclosure wall 30
in order to strike and maintain a plasma within the chamber.

In preparation for receiving a substrate 23 into the chamber 10, the substrate support pedestal
20 is lowered by a drive mechanism 42 so that the bottom of the pedestal 20 is close to a wafer pin
positioning platform 36 having vertically slidable pins 34. The pedestal 20 generally includes three |

" vertical bores (not shown) through which the vertically slidable pins 34 extend. When the pedestal
20 is in the lowered position just described, the upper tip of each pin 34 protrudes above the upper
surface of the pedestal 20. The upper tips of the pins define a plane parallel to the upper Surface of
the pedestal 20 to receive a substrate thereon to be positioned on the pedestal 20.

The robot arm 19 (shown in Figure 1) carries a substrate 23 into the chamber 12 and places
the substrate above the upper tips of the pins 34. A lift mechanism 43 moves the pin platform 36
upwardly, to place the upper tips of the pins 34 against the underside of the substrate 23 and
additionally lift the substrate off the robot blade 19. The robot blade then retracts from the chamber
12 and the lift mechanism 42 raises the pedestal 20 so that the top surface of the pedestal comes into
contact with the underside of the substrate, lifting it further until an optimum distance from target
is achieved.

At this point, the film deposition process can begin. In the case of the exemplary PVD
chamber 12 shown in Figure 2, a PVD procesé gas (typically argon) is supplied to the chamber
through the gas inlet 32, and a DC power supply 38 applies a negative voltage t6 the PVD target 35.
The voltage excites the argon gas to a plasma state, and argon ions bombard the negatively biased
target 35 to sputter material off the target. The sputtered material then deposits on the substrate 23.
After a film layer has been deposited on the substrate 23, the substrate is removed from the chamber
12 by reversing the sequence of steps by which it was carried into-the chamber 10.



through the gas inlet 32, and a DC power supply 38 applies a negative
voltage to the PVD target 35. The voltage excites the argon gas to a plasma
state, and argon ions bonbard the negatively biased target 35 to sputter

material off the target. The sputtered material then depasiis—on-—the—

substrate 23. After a filmlayer has been deposited on|tREPLAGCEMENBISHERB,
the substrate is removed fromthe chamddr 12 by reversiin Cel o
steps by which it was carried into the chamnber 10. {111 17 FEB 1998

Novel Features of the Support Member

Now referring to Figure 3, a support member 50 is shown having an electrostatic chuck
14 mounted to or forming the top portion of the substrate support pedestal 20. The electrostatic
chuck 14 may contain channels 52 formed in the top surface ‘of the electrostatic chuck 14 which
cooperate with the substrate 23 to allow controlled passage of a heat transfer gas or masking gas
between the electrostatic chuck and the substrate. The gas is supplied to the channels 52 through
a supply passage 54 extending through the electrostatic chuck 14 and the support pedestal 20.

The electrostatic chuck 14 includes a body 56 comprised of an electrode coated with a

. dielectric material. Electrically conducting wires 58 couple the electrodes to a voltage source at

' point 60,. A thermally conducting material 62 is molded within the cavity in the bottom of an
electrostatic chuck defined by the body 56. The thermally conducting material 62 may be any
moldable material that has sufficient thermal conductance at operating temperatures for efficient
beat transfer to the electrostatic chuck and the substrate. Note that the support member 20 may
be a hollow member supporting ﬁe body 56 only at the circumference.

Where the thermally conducting material is intended to form a composite heating element,
the preferred material includes electrically conducting fragments, such as carbon fibers, metal
shavings or similar material, in-sufficient amount to allow adjacent fragments within the
composition to contact each other and thereby provide electrical resistance heating. The fragments
may be bound in a non-electrically conducting, but preferably thermally conducting, binder
material that is moldable or curable into a desired shape or defined cavity. In order for the
composite heating element 62 to generate heat, electrically conducting wires 64 having leads
embedded within the composite 62 are provided to complete an electrical circuit by which
electricity is passed through the composite 62. Members or components of any type, such as
electrical connections or terminals, sensors, a cooling manifold or tube, may extend within or on
the surface of the composite. Specifically, thermocouples or other temperature measuring devices .
66 may be disposed within or on the surface of the composite 62 to monitor .the temperature of

the composite.



Novel Features of the Support Member Now referring to Figure 3, a suppor t
menber 50 is shown having an el ectrostatic chuck 14 nmounted to or formng

the top portion of the substrate support pedestal 20. The el ectrostatic

huck 14 tain channels 52 fornmed in the top surffC f
chuc may contain s p eﬁEﬂAPE,ﬁE'ﬂ

el ectrostatic chuck 14 which cooperate with the substra
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and the support pedestal 20. The electrostatic chuck 14}incTudes a body 5
conprised of an electrode coated with a dielectric matenial., Electrically

conducting wires 58 couple the electrodes to a voltage source at

)

Each of the electrically conducting wires, such as wires 64, and other members, such as
passage 54, communicate with passages 68 through the support member 20 leading out of the
chamber 12 (see Figure 2) In this manner, voltage sources, gases and the like can be located
outside of chamber 12.

Now referring to Figure 4, a bottom view of the electrostatic chuck 14 of Figure 3 is shown
having a composite heating element 62 molded within the body 56. Electrically conducting wires
60 and 64 are molded into the composite 62 to couple voltage sources to the electrode of the
electrostatic chuck and the composite 62 comprising the heating element. The passage 54 is formed
* through the electrostatic chuck 14 for passage of heat transfer gases to the top surface Bf the
electrostatic chuck. Any number of terminals can be located strategically to providé the best
temperature uniformity over the chuck surface.

Now referring to Figure 5, a bottom view of a second embodiment of the electrostatic chuck
80 is shown having a discrete heating coil 65 disposed in a moldable, thermally conducting material
62. Electrical wires 64 connect a voltage source to the ends of the electrically resistive heating coil
65 to provide energy sufficient to heat the coil. The coil 65 may take any shape that covers the area
of the electrostatic chuck, but the shape chosen will limit where the wires 60, 64 and passage 54 can
be located. A second coil may be used to provide additional heating capability, if needed.

Now referring to Figure 6, a top view of a preferred electrostatic chuck is shown having
radial channels 70 for passage of a heat transfer gas over the surface of body 56. The channels 70
may take any shape known to be useful in the art.

As previously stated, the thermally conducting and optionally electrically resistive material
may be utilized to provide a heating member having intimate contact with adjacent members to
promote efficient and uniform heat transfer through the heating member. The invention is useful in
many applications where uniform heating is beneficial. While the present invention has been
discussed primarily in the context of an electrostatic chuck, the invention may find additional
applications through vacuum processing chambers and associated apparatus. Particularly, the

invention is equally well suited for use in vacuum chucks which supply a vacuum to the bottom



point 60. A thermally conducting material 62 is nolded within the cavity in
the bottom of an electrostatic chuck defined by the body 56. The thermally
conducting material 62 may be any nol dable material that has sufficient

t hermal conductance at operating tenperatures for effi

to the electrostatic chuck and the substrate. Note thdt

20 may be a hol | ow nmenber supporting thb- body 56 only
Where the thermally conducting material 15 intended td
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contact each other and thereby provide electrical resiStance heating. The.

fragnents

surface of substrates to secure them to the substrate support pedestal. A flat pedestal may be used

with the present invention to achieve uniform heat distribution as well. It is also possible to
capture the wafer using a weighted clamping mechanism that holds the wafer in place to allow the

use of a back side gas.

While the foregoing is directed to the preferred embodiment of the present invention, other
and further embodiments of the invention may be devised without departing from the basic scope

- thereof. The scope of the invention is determined by the claims which follow.



may be bound in a non-electrically conducting, but preferably thermally
conducting, binder material that is noldable or curable into a desired
shape or defined cavity. In order for the conposite heating el enment 62 to
generate heat, electrically conducting wires 64 having | eads enheddes
within the conposite 62 are provided tp conplete an el(égt ﬂAﬁEM gwrﬁﬁﬁﬂ y
which electricity is passed through the" tonposite 62. ngnt s
of any type, such as electrical connectitoms or termndl s, sens

cooling manifold or tube, may extend within or on the urfd&b ‘Pﬂg
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nonitor the te Jw :

e COprOSI te.
What Is Claimed Is:

1. A substrate support member for heating a substrate comprising:

a) a rigid body having an upper surface for supporting a substrate thereon and a lower
surface, the body comprising a composite material compatible with the vacuum process
environment;

b) an electrically resistive heating member located adjacent the lower surface of the body;
and

c) electrically conductive leads for coupling the electrically resistive heating member to a

voltage source.

2.. The substrate support member of claim 1, further comprising:
d) a thermocouple secured to the rigid body.

3. The substrate support member of claim 2, wherein the thermocouple is molded into the

heating member.

4, The substrate support member of claim 1, wherein the heating member comprises a resistive
heating coil encapsulated within a curable material.

5. The substrate support member of claim 1, wherein the heating member comprises a
composite material having sufficient resistivity to heat the substrate support member to a

temperature up to about 600 degrees Celsius.

6. The substrate support member of claim 1, wherein the composite material has sufficiently

uniform resistivity to control the temperature of the substrate support member within about 2 degrees

RPN ) THIS SHEET FAS BEEK
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Each of the electrically conducting wires, such as wires 64, and
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Thlls Sheet Has Been Rep
Celsius of a set point temperature.
7. The substrate support member of claim 6, wherein the voltage source is controllable to
provide between about 10 and about 100 volts of alternating current.
8. The substrate support member of claim 6, wherein the composite material comprises
conductive filaments in a curable material.
9. The substrate support member of claim 6, wherein the composite material is formed about

a thermocouple.

10.  The substrate support member of claim 6, wherein the composite material is formed about

a passageway for delivery of backside gas.through the composite material to the substrate.

11.  The substrate support member of claim 10, wherein the backside gas is delivered to the
electrostatic chuck at interface between the substrate support member and the substrate.

12. A substrate support member for heating to a subéu'ate, comprising:

a) an electrostatic chuck having an electrode, an electrical insulator disposed on the
electrode configured to receive a substrate thereon and a concave bottom portion;

b) an electrically resistive heating coil positioned within the concave portion;

¢) a moldable, thermally conductive material formed about the heaﬁng coil in intimate
thermal contact with the concave portion of the electrostatic chuck; and

d) electrically conductive leads for coupling the electrically resistive heating member to a
voltage source.

13.  The substrate support member of claim 12, further comprising a passage through the

[ Iﬂlﬂj ﬂl’![ "![] [[’!’ | Im [ THIS SHEET HAS BEER
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having a conposite heating el enent 62 nol ded within the body 56.

Electrically conducting wires 60 and 64 are nolded into the conposite

coupl e voltage sources to the electrode of the electr

conposite 62 conprising the heating elenment. The pass g&FﬁAcégaygg
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t hrough the electrostatic chuck 14 for passage of hea
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chuck surface. Now referring to Figure 5 a bottomyv
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enbodi ment of the electrostatic chuck 80 is shown havilng a discrete

coil 65 disposed in a noldable, thermally conducting
Electrical wires 64 connect a voltage source to the ends of the
electrically resistive heating coi

I1Tal 62.

_62to

t he

thermally conductive material and the electrostatic chuck to deliver heat transfer gas to the face of

the electrostatic chuck.

14.  The substrate support member of claim 13, further comprising:

¢) a thermocouple secured to the rigid body.

15.  The substrate support member of claim 14, wherein the thermocouple is molded into the rigid

body.

16.  The substrate support member of claim 13, wherein the electrode has conductive leads

passing through the thermally conductive material.
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65 to provide energy sufficient to heat the coil. The coil 65 may take an
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shape that covers the area of the electrostatic chuck, but the shape chasen
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SUBSTRATE SUPPORT MEMBER FOR UNIFORM HEATING OF A

SUBSTRATE

Abstract of the Disclosure

The present invention provides a heating member that can be molded inside cavities, between

individual members or encapsulating components to provide efficient and uniform heat transfer. The

invention may be used to advantage around pipes or vessels for heating the contents, within members

for providing heat to adjacent members or workpieces, and in any other application where heat can

. be more efficiently or uniformly provided by intimate contact with a member to be heated, whether

or not the member to be heated is the ultimate member or workpiece requiring heat. In one aspect

* of the invention, a heating member is disposed within an electrostatic

chuck to provide direct

conductive heating of the electrostatic chuck and, ultimately, a silicon wafer up to températures as

high as about 600 degrees Celsius. The preferred electrostatic chuck incorporates a composite
heating element intimately molded within the electrostatic chuck, wherein the composite is

-resistively heated over a large surface area of the electrostatic chuck.

_Figure 5
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many applications where uniformheating is beneficial. Wile the present

-invention has been discussed primarily in the context of an el ect tic
chuck, the invention may find additional applications—thralgfuy
processi ng chanbers and associ ated apparatus. Parti Al
is equally well suited for use in vacuum chucks which Bupply a vaguumio

t he bottom - 13 - surface of subbfrates to securelt em‘]&ﬁﬂw@ ubstYate
support pedestal. A flat pedestal nay be used




with the present invention to achieve uniform heat distribution as well.
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14 What is claimed is 1

substrate conpri sing:
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d) electrically conductive |eads for coupling the conposite heating

nedia to a vol tage source. 2. The substrate support T
wherein the thermally conductive material conprises a c REPLACEMENS SHEET
The substrate support nmenber of claim1l, wherein the co fT€ neatl ng
media is fornmed about the thernocouple. 4. The substyate r r
of claim1, wherein the conposite heatifig nedia is forngd aggﬁ?eg‘que
passageway for delivery of backside gas through the conpos ' TTed] a

to the substrate.

FIG ¢




5. The substrate support nmenber of claim 4, wherein the backside gas is
delivered to the electrostatic chuck at interface between the substrate

support nenber and the substrate. 15 6. A subst r at e_supporterrer—fpr
heating a substrate, conprising: a) an electrostatic chgm_lACEMENﬁgSP&ﬁT
el ectrode, an electrical insulator di spsosed
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on the el ectrode configured to receive a substrate thereon, and a bottom

portion having a cavity; b) a conposite heating nmedia nol ded within the
cavity, the conposite heating nedia consistiing of electrically conductive
fragnents suspended in a thermally conductive material; c) a

t her nocoupl e nol ded into the conposite heating nedia; and d)

el ectrically conductive |eads for coup}lng the electrically resistive
heati ng menber to a vol tage source. 7. The substrate support nmenber of
claim 6, further conprising a passage through

What is claimed is :

1. A substrate support member for heating a substrate comprising:

a) a rigid body having an upper surface for supporting a substrate thereon and
a lower surface defining a caviry therein;

b) a composite heating media filling the cavity in the lower surface of the
body, the compasite heating media consisting of electrically conductive fragments
suspendcd in a thermally conductive material;

~ c) a thermocouple molded into the composite heating media; and

d) electrically conductive leads for coupling the composite heating media to a
voltage source.

2. The subswate support member of claim 1, wherein the thermally conductive

material comprises & curable material.

3. The substrate support member of claim 1, wherein the composite heating media is

formed about the thermocouple.

4. The substrate support member of claim 1, wherein the composite heating media is

formed about a passageway for delivery of backside gus through the composite heating
media to the substrate.

5. The substrate support member of claim 4, wherein the backside gas is delivered

to the electrostatic chuck at interface between the substrate support member and the

substrate.
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t he thermallf7 conductive material and the electrostatic chuck to deliver

heat transfer gas to the face of the electrostatic chuck. 8. The
substrate support menber of claim7, wherein the electrode has conductive
| eads passing through the thermally conductive material. 9. The substrate

supporrt menber of claim7, wherein thesgonposite heating nedia fills the
cavity. 6. A substrate support member for heating a substrate, comprising:
a) an electrostatic chuck having an electrode, an electrical insulator disposed
ou the electrade configured to receive a substrate thereon, and a bottom portion having a
cavity;
b) 2 composite heating media molded within the cavity, the composite
heating media consisting of electrically conductive fagments suspended in a thermally
conductive material;

c) a thermocouple molded into the composite heating media; and

d) electrically conductive leads for coupling the electrically resistive heating
member to a voltage source.

7.  The substrate support member of claim 6, further comprising a passage through
the thermally conductive material and the electrostatic chuck to deliver heat trunsfer gas

to the face of the electrostatic chuck.

8. The substrate support member of claim 7, wherein the electrode has conductive

leads pussing through the thermally conductive material.

9. The substrate support member of claim 7, wherein the composite heating media
fills the cavity.
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