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METHOD AND APPARATUS FOR COOLING A WORKPIECE
USING AN ELECTROSTATIC CHUCK

BACK F_THE D

1. Field of the Invention
The invention relates to a substrate support chuck for
suppgrting a semiconductor wafer within a semiconductor
processing system. More particularly, the invention relates
to a cooldown chamber within a semiconductor processing
system, where the cooldown chamber retains a workpiece
therein using an electrostatic chuck.

2. Description of the Background Art

Modern semiconductor processing systems utilize a
sequence of stages to process a given semiconductor wafer.
Typicaliy, each stage of the process is accomplished within
an individual'process chamber and a robotic transport
mechanism transports the wafer from stage to stage within the
system. Each stage of the process generally has particular
environmental requirements that differ from the requirements

‘of other stages within the system. As such, after completion

of processing within one stage that, for example, may operate
at a very high temperature, e.g., in excess of 400°C, the
wafer must be cooled before it is transported to the next
stage. In some instances, placing a "hot" wafer into certain
types of atmospheres may cause undesirable. reactions that
would make the wafer unusable. Furthermore, after processing
in the last stage of the semiconductor processing system, the
wafer must be cooled prior to being placed within a plastic
transport cassette.

To facilitate cooling the wafer in a benign environment,
an intermediary stage is used, i.e., a cooldown chamber
provides a cooldown stage. A cooldown chamber contains a
liquid cooled aluminum pedestal having a wafer support
surface upon which a wafer can be placed by the robot@c
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chamber is sealed, and the pressure within the chamber is
raised by introducing argon to produce a chamber pressure of
two to four Torr. The “fill time” is approximately 20
seconds. As the chamber is filled, turbulence can
detrimentally move the wafer across the surface of the
pedestal. Once an argon atmosphere is present; the wafer is
typically cooled in 30 to 40 seconds from 450°C to 150°C.
Once the wafer is cooled, the chamber can be pumped down to a
vacuum and the transport mechanism re-enters the chamber to
remove the cooled wafer. To expedite wafer retrieval, the
cooldown chamber is not formally pumped to a vacuum, but
rather the chamber is merely opened to the portion of the
system that contains the transport mechanism. This portion
of the system is known as a buffer chamber. A vacuum is,
maintained in the buffer chamber such that the cooldown
chamber atmosphere can be “dumped” into the buffer chamber
and then pumped from the buffer chamber using a cryogenic
pump (cryo pump).

One disadvantage of using a cooldown chamber atmosphere
in this manner is that dumping the atmosphere requires that
the cryo pump must be regenerated often. Such cryo pump
regeneration can require up to 120 to 360 minutes to
complete. Such movement can abrade material from the
underside of the wafer, producing poténtial contaminant
particles.

To avoid the need for repeated Cryo pump regeneration
due to dumping the cooldown chamber atmosphere it would be
advantageous to cool the wafer in a vacuum to avoid the use
of the cooldown chamber atmosphere.

Therefore, there is a need in the art for a chuck within
a cooldown chamber of a semiconductor wafer processing system
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5 The disadvantages heretofore associated with the prior
art are overcome by an inventive apparatus for cooling a
workpiece (e.g., a semiconductor wafer) containing an
electrostatic chuck for supporting and retaining the
worﬁpiece proximate a thermally conductive pedestal. The

10 electrostatic chuck retains a workpiece in close contact with
the pedestal such that heat conduction from the workpiece to

i the pedestal is substantially improved over the prior art.

%; Such close contact between the wafer and the chuck
facilitates the use of a backside ceoling technique to

¢+ 15 further promote the conduction of heat from the workpiece to

i the chuck.

: The electrostatlc chuck of the present invention is
affixed to a thermally conductive mounting plate. The
mounting plate is releasably attached to a thermally

20 conductive pedestal base that contains coolant’ flow conduits

that maintain the pedestal at a low temperature. The

pPedestal base has a top surface upon which the electrostatic

chuck is releasably affixed, for example, by a plurality of
bolts or screws.

(R r I —

Optionally, a heating element is located between the
chuck and the pedestal. The heating element is activated to
periodically bake out the cooldown chamber to remove water
vapor. Alternatively, external heatlng elements. such as
lamps, are mounted external to the Chamber TO pericrm The
bake out function.

In the preferred embodiment of the invention, the
electrostatic chuck comprises a first polymeric dielccLric

layer which is affixed to a mounting plate. Upon the first
polymeric dielectric layer, a pair of coplanar electrodes are
35 deposited or .affixed and, upon the electrode pair, a seeond
polymeric dielectric layer is deposited or affixed. This
second polymeric dielectric layer forms a support surface
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t he 5 polyimide.
The electrodes of the chuck are connected, via wires and
vacuum sealed through-connectors, through the chamber walls
to therpositive and negative terminals of a high voltage DC
power supply (e.g., supplying 200 to 2,000 volts). To '
10 facilitate releasable attachment of the chuck to the pedestal
base, the electrodes connect to terminals in the pedestal
il base via a spring loaded connector assembly. When voltage is
' applied to the pair of electrodes, opposite polarity charges
are accumulated on the underside of the wafer. Such charges
15 are attracted to the electrode potential but do not migrate
i_ : through the polyimide layer. Aas such, the wafer, as a whole,
15 is attracted to the electrodes within the electrostatic
chuck, and consequently, the wafer is retained thereupon by
coulomb force. ' .
20 Once "chucked", the wafer is closely held to the top
surface of the second polymeric dielectric layer. Such close
contact provides a thermally conductive path from the wafer
jurﬁ to the cooled pedestal. As such, the heat within the wafer
. quickly conducts through the polyimide layer, the electrodes,
i 3};25 the first polyimide layer and the mounting plate into the
5rf;; cooled pedestal. The heat from the wafer is rapidly carried
. by the coolant flowing through the pedestal to a heat
exchanger.

_ To further enhance heat conductidh, a coolant gas such

hf30 as argon is provided to the interstitial spaces between the

gj"f wafer and the support surface of the chuck. The gas is

: supplied from a coolant gas source to the wafer backside via
a centrally located portal through the pedestal and the
chuck. Distribution channels may be formed in the support

35 surface to improve gas distribution along the wafer backside.

Using an electrostatic chuck having a polymeric

dielectric support surface, backside gas cooling and a liquid

. L.
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cooling times. As such, the cooldown chamber does not
require filling and dumping of the cooldown chamber

atmosphere that may cause wafer abrasion and repeated cryo
pump regeneration.

10
BRIEF DE PTI F _THE D

The teacﬁings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

15 FIG. 1 depicts a simplified, top plan view of a
multichamber semiconductor wafer processing system containing
a cooldown chamber that embodies the present invention;

FIG. 2 depicts a vertical cross-sectional view of the

cooldown chamber taken along line 2-2 of FIG. 1 and FIG. .3;
20 FIG. 3 is a top plan view of the electrostatic chuck
used in the present invention;

FIG. 4 depicts a cross-sectional view of a spring-loaded
electrical connector for releasably connecting a chuck
electrode to a power supply; and

25 FIG. 5A-5E depict process steps for fabricating the
electrostatic chuck.

To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to/the figures.

30 :
DETATILED DESCRIPTION

FIG. 1 depicts a simplified, top plan view of a
multichamber semiconductor wafer processing system 100
containing at least one cooldown chamber 102 that embodies

35 the present invention. One commercially available example of
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art are overcone by an inventive apparatus for co js Sheet Has Reex Repi
(e.g., a semMamddotor wafer) containing an l" ,"I"‘"”I”m
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a multichamber system 100 is the Endura system manufactured
by Applied Materials, Inc. of Santa Clara, California.

The system 100 contains, for example, four process
chambers 104, 106, 108, 110, a transfer chamber 112, a
5 preclean chamber 114, a buffer chamber 116, a wafer
orienter/degas chamber 118 and a pair of load-lock
chambers 120 and 122. The system may also contain a second
cooldown chamber 101 (shown in phantom). Each chamber
ro _represents a different stage or phase of semlconductor wafer
10 processing. The buffer chamber 116 is centrally located with
respect to the load lock chambers 120 and 122, the wafer
orienter/degas chamber 118, the preclean chamber 114 and the
cooldown chamber 102. To effectuate wafer transfer amongst
these chambers, the buffer chamber 116 contains a first
15 robotic transfer mechanism 124. The wafers 128 are typically
carried from storage to the system in a plastic transport
. cassette 126 that is placed within one of the load-lock
chambers 120 or 122. The robotic transport mechanism 124
transports the wafers 128, one at a time, from the cassette
20 126 to any of the three chambers 118, 102, or 114.
Typically, a given wafer is first placed in the wafer
orienter/degas chamber 118, then moved to the preclean
chamber 114. The cooldown chamber 102 is generally not used
| until after the wafer is processed within the process
i 25 chambers 104, 106, 108, 110. Individual wafers are carried
’ upon a wafer transport blade 130 that is located at the
distal end of the first robotic mechanism 124,
: The transfer chamber 112 is surrounded by and has access
b to the four process chambers 104, 106, 108 and 110 as well as
; 30 the preclean chamber 114 and the cooldown chamber 102. To
effectuate transport of a wafer amongst the chambers, the
transfer chamber 112 contains a second robotic transport
mechanism 132. The mechanism 132 has a wafer transport
blade 134 attached to its distal end for carrying the
35 individual wafers.
In operation, the wafer transport blade 134 of the
second transport mechanism 132 retrieves a wafer from the
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el ectrostatic chuck for supporting and retaining the wor kpi ece
prgx!nate a thermal |y conductive pedestal. The 10 el-eetrostatic.chuck
retains a workpiece in close contact with t he edestal such that heat

conduction fromthe workpiece to the pedestal Basn Replldesd i npr oved
over th;@@%fqh(ﬁu Such cl ose cont act betmeenJ t he chuck
facilit t %a se of a backside coghki_ng techniqu l pronDte

t he conduction of heat fromthe workpiece to the ¢
el ectrostatic chuck of the present invention is afflxed to a thernally
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heati Bg ﬁéﬂéfnis isrosddast ethd ¢he PVD stage deposits material upon
the wafer, the wafer can then be moved to a second stage of
processing. However, if that second stage of processing is a
low temperature process stage, the wafer must be cooled
before it is positioned within a chamber that performs the
10 second stage of processing. Consequently, once the wafer is
retrieved from the high temperature chamber 104, it is placed
within the cooldown chamber 102 or 101.
. The cooldown chamber 102 (or 101), in accordance with
one aspect of the invention, contains an electrostatic chuck
15 for electrostatically retaining the wafer. The electrostatic
chuck retains the wafer in close proximity to a liquid cooled
pedestal which rapidly removes the heat from the wafer to a
heat exchanger. The electrostatic chuck used in the cooldown
chamber is described in detail with reference to FIG. 2

20 Dbelow.

Once the wafer is cooled within the cooldown chamber,
the second transport mechanism 132 moves the wafer to the low
temperature chamber 106 for further processing. Although the
low temperature chamber 106 may operate at a "low"

25 temperature compared to the high temperature processing
stage, the temperature within the chamber may be high enough
that, after processing, the wafer cannot be moved directly
from the chamber 106 and returned to the buffer chamber 116.
As such, the wafer must again be cooléd after processing

30 within the low temperature chamber 106. Of course, the wafer
may also require further processing in other chambers that
are accessible.via the transfer chamber 132. Once processing
is complete within the process chambers, the transport
mechanism 132 moves the wafer from the process chamber and

35 transports the wafer to the electrostatic chuck within the
cooldown chamber 102. The cooling process is repeated and
the wafer is then removed from the cooldown chamber using the
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perﬁodically bake out the cool down chanber to renove water vapor .

Al ternatively, external heating elements, such as ~-anps;-are- nnunled
extetnal to the chanber to performthe 30 bake out fuynction. onR In
the preferred enbodi ment of the invention, the el ertingerk
conprises amhrrsidopol yneric dielectric | ayer whi clj; a f
nmounti ng plate. Upon the first pol yrgri ¢ di el ect [yll¢ r\od
copl anar el ectrodes are 35 deposited or affixed and, upon t he el ectvo e
pair, a second polymeric dielectric layer is dep05|ted or affixed.
Thi's seestdtpahstioat anebRIrSGh 124| AYCRIACERE BuftRP ¥lariidf 4Gg .

Lastly, the wafer is placed in the transport cassette 126
within the load-lock chamber 122.
FIG. 2 depicts a vertical cross-sectional view of the

5 cooldown chamber 102 and the bipolar electrostatic chuck 150
taken along line 2-2 in FIGS. 1 and 3. FIG. 3 is a top plan
view of the electrostatic chuck of FIG. 2. To best
understand the invention, the reader should simultaneously
refer to FIGS. 2 and 3. .

10 The cooldown chamber 102 is an assemblage of components
including a vacuum-sealed enclosure comprising a plurality of
sides 202 defining an internal volume 204, a pedestal 206
{also known as a cooling block), a heater element 201, an

L T Y TV

electrostatic chuck 200, a power supply 208, a coolant gas
. 15 source 210, and a heat exchanger 212. The first robotic
?;J transport mechanism (124 of FIG. 1) is provided access to the
- volume 204 via a pivotal door 214 located in the sidewall of
, the chamber. Similarly, the second robotic transport
; mechanism (132 in FIG. 1) is provided access to the
20 volume 204 via a pivotal door 216 located in a sidewall of
the chamber. Generally, doors 214 and 216 are located in
opposing sidewalls of the chamber.
The preferred embodiment of the electrostatic chuck 200
_ comprises a first polymeric dielectric layer 218, a pair of
- 25 electrodes 220 and 222, and a second polymeric dielectric
layer 224. To provide structural rigidity to the chuck, the
first dielectric layer 218 is affixed to a thermally
B conductive mounting plate 226.

ety o,

i b aniond. et

)
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More specifically, the electrostatic chuck 200 is

ﬁ 30 affixed atop the mounting plate 226. The chuck comprises a

; first self-adhering dielectric layer 218 having a thickness
f of 1 to 2 mils adhered to the plate 226; a conductive layer
y?%_ (electrodes 220 and 222) which overlays the first dielectric
: layer 218 (the conductive layer containing electrodes 220 and
35 222 can be patterned into various geometries, FIG. 3

- illustrates a bipolar electrode pattern); and a second
self-adhering dielectric layer 224 having a thickness: of 1
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-4- . upon which a sem conductor wafer will be positioned during t he
cool i ng phase of sem conductor wafer processing. To @ facilitate support
“of wafers having tenperatures of 100[err]C or nore, the polymeric
dielectric material is a high tenperature 5 polyim de. ThlsSheetHas 3ddie Replaced
electrode§ﬂai thhg,chuck are connected, via wres and >
through connectors, through the chanbergmalls to the :
negative termnals of a high voltage DC power supply Te.gt, upl yI ng
200 to 2,000 volts). To 10 facilitate rel easable attachnent of the chuck to
the pedest e, ehggt I h esta
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5 an aperture and conductive extension (not shown in FIG. 2).

These extension are formed (as discussed with respect to FIG.
5 below) as lolly pop shaped “tabs”. The outline of the tabs
are Q§picted in FIG. 3.
Although the depicted chuck 200 and pedestal 206 is for
10 a circular silicon wafer, such a pedestal may be rectangular
or have any shape advantageous to the substraté used for
production of the semiconductor device.
At least one, and preferably both, of the dielectric
layers of the electrostatic chuck 200 are constructed from a
15 polymeric dielectric material such as polyimide, which
provides flexibility and low cost in comparison with ceramic
and oxide dielectric materials in general. However, as shall
be discussed below, other forms of electrostatic chucks can
be substituted for the polylmlde—based chuck w1thout
: 20 exceeding the scope of the invention.
t More specifically, the lower first polyimide film 208 is
: adhered to the mounting plate 226. Previously such
¢ attachment would have been achieved using methyl methacrylate
{acxrylic) based adhesive layers; however, such adhesive
layers cannot withstand high temperatures. To avoid the need
to use such acrylic adhesives, the first polyimide film 218
is formed using a polyimide film which is sufficiently
thermoplastic that it can flow and bond to the pedestal under
the application of heat and pressure: A preferred material
for use as lower polyimide film 218 is a hydrophobic material
;?' such as Kapton® KJ, available from DuPont. Kapton® KJ , for
example, is a thermoplastic polyimide adhesive film with a
glass transition temperature. (Tg) around 220°C. Kapton® KJ
— - is available in thicknesses as low as 0.5 mil (12 microns),
35 has a relatively low Z-axis coefficient of thermal expansion
(CTE, ca. 65 ppm/°C), and most physical prdperties are
comparable to other polyimide films. At elevated '
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israttracted to the electrodes within the electrostatic chuck, and
~consequent|y the wafer is retai ned thereupon by -- -eoulenb- force

Once "chucked", the wafer is closely held to the to ﬁ iﬁ surface of the

second polyneric dielectric layer. Such close
H Iy|n1de

thermal | y .gpRdYQhve path from the wafer to the

such, the heat wthin the wafer quiigkl y conducts

| ayer, the electrodes, 25 the first polyimnmide |ayer and the mounting plate
into the cool ed pedestal. The heat fromthe wafer is rapidly carried

by the cocaei\r@iezfalt@\ﬁ'e@g kapedde khenasdesd aéomerﬁdz_;e@omts exqkanger .
To further ce heat .conduction ol ant_.gas_su S argon is .
provi ded t%?QQﬁantﬁF€F§FFPPaFeQBEEGEuﬁﬁt %NFt?ﬁ? qé%??% §nd1PhE he upport
surface ofrdruye cfu@80°Theogasoics, whichupply e i:bnem.deredl ant tge?] souaggt ;lo
Lhe el et SRRl Erang PSR IAR] Y HREE AR tbbltaugh 1 pedest
sur f aceb t S-emperarargaranget fuhotions adomy nmeﬂa‘ aringevk §otteeffective
bonding of the Kapton® KJ to a metallic substrate such as
mounting plate 226 (typically constructed of stainless steel
or a%pminum). Kapton® KJ has been shown to bond to a variety
of metallic and non-metallic substrates. Bonding is
10 accomplished above 280°C (preferably at 350°C) and 200 or
more psi (preferably 300 psi) using a vacuum assisted
E hydraulic préss or autoclave for bonding the Kapton® KJ to
% other materials including copper, steel, ceramics, and films.
f The electrodes 220 and 222 of electrostatic chuck 200
15 can be constructed from a number of materials such as copper-
surfaced cladply polyimide film, aluminum cladply polyimide
film, and aluminum-filled polyimide film available from
§§ Ablestik Laboratories, Rancho Dominguez, California. One
5% preferred conductive layer is available from DuPont as
'; 20 Paralux® AP, an adhesiveless composite of polyimide film
bonded to copper foil. The copper is typically rolled

annealed copper, but electrodeposited copper is also
available.

AR oen . e oo

Other materials available for use in construction of
25 electrostatic chuck 200 include polyimide cladply materials
available from .DuPont under the trade names Kapton® HKJ and
EKJ or UPILEX® from UBE Industries, Ltd. Kapton® HKJ and EKJ
are heat-sealable/self-adhering composite films, generally
consisting of at least one layer of Kapton® KJ on top of a
: core polyimide film layer that is non-thermoplastic and has a
fff higher glass transition temperature (e.g., Tg of 350° C).
?f The non-thermoplastic core layer may be selected from
- materials such as commonly used H-polymer (PMDA/ODA) or from
E-polymer (a low thermal expansion polymer of undefined
35 composition available from DuPont). The layer thickness of
cladply materials can be varied to meet specific needs. 1In

addition, the cladply material can have a thermoplastic
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Usihg an electrostatic chuck having a pol yneric ..dielectric support

irface, backside gas cooling and a |liquid Coofed-pedestal, a
a;;er can be cooleg from 450[err] C to 100[err] C in This SIREPX nately 10- 15
$econds. This is a three- to four-fold |nprovenent wb as
conpar ed tAMATel401or art. Furthernore, the prese es not
require a cooling 5 atnosphere wi thin the-cool down ch
superi or cooling tines. As such, the cool down chanber does not

adhering layer on one side or on both sides of the non-
thermoplastic core layer, depending on the application.
Typically the thermoplastic adhesive layer thickness ranges
from about 0.1 - 0.5 mils (2.4 - 12 microns), while the core

5 layer thickness ranges from about 0.5 - 2.0 mils (12 - 48
microns). Thermal coefficient of expansion for the cladply
material having an H-polymer core is about 45 ppm/°C,
dielegtric strength is about 5600 V/mil, dielectric constant
is. 3.22 and the dissipation factor is 0.002. Thermal ‘

" 10 coefficient of expansion for the cladply material having an
E-polymer core is about 225 ppm/°C, dielectric strength is
about 6000 V/mil, dielectric constant is 3.5 and the
dissipation factor is 0.002.

FIG. 5A-5E depict the process steps used to fabricate
15 the electrdstatic chuck 200 using the polyimide cladply
material described above. For example, FIG 5A depicts a
commercially available copper-surfaced cladply polyimide film
500 (e.g., Kapton® HKJ) having a core layer 218 with a
thermoplastic adhering layer 502 and 504 on each side of the
20 core layer and a copper layer 506 and 508 deposited upon the
surface of each thermoplastic adhering layer 502 and 504.
As depicted in FIG. 5B, surface copper layer 506 is

1 patterned to produce the desired electrode pattern 222 and

. 220 using standard photoresist and wet etch techniques, while

25 the other surface copper layer 508 is completely removed

during the wet etch process. This provides a modified
cladply film having the desired electrode pattern on one

EE surface, overlying a thermoplastic adhering polyimide layer

§§ ‘ - 504, overlying a high temperature core center layer 218,

i ;30 which overlays a thermoplastic self-adhering polyimide layer

502. The lower surface of the modified cladply film is the

[ ; thermoplastic self-adhering polyimide which can be bonded

Fal directly to the mounting plate 226.
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2 premmeee As shown in FIG. 5C, a second polyimide- comprlslng layer

' 35 216 (a thermoplastic self-adhering polyimide-comprising film
with or without a high temperature core layer) is applied
over the electrodes 220 and 222. Specifically, the film is
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.ﬁéﬁhyreqtilling and dunping of the cool down chanber ~——atmosphere that may

Lause waf er abrasion and repeated cryo punp regenerat.i F
$ESCRI PTI ON OF THE DRAW NGS The teachi ngs of %Aﬁgﬂﬂ&cnk aLeﬁtion
E£an be readily under stood by considering the foll ow iﬂl ﬂml ] E
fdescripticXMﬁT igy1conj unction with the acconpanying dra , igh: 15
FIG 1 depicts a sinplified, top plan vzw of a mul ti chanber

.sem conduct or wafer processing system contai ning a cool down chanber that
wenbodi es the present invention; FIG 2 depicts a verti cal -
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the electrodes to facilitate adhering the UPILEX® to the
electrodes. Additionally, a foil 516 (e.g., duo foil) is
temporarily placed over the bottom adhesive layer 502. The
structure depicted in FIG. 5C is bonded in an autoclave at

350° C and 300 psi to produce the structure shown in FIG. 5D.

At this point, if backside gas distribution grooves (not
shown) are desired, the upper surface of the structure 520
can be etched using conventional polyimide etching
'techniques. Additionally, two holes (one of which is shown
in FIG. 5D as hole 522) are etched through layers 216 and 514
to provide a contact point to supply electrical power to the
electrodes. The necessity of these holes will become
apparent from the following discussion.

FIG. 5D further depicts the layered structure after an
access hole 510 (i.e. the hole forms a portion of backside
cooling gas conduit 244) and a punched region 512 have been
punched through the structure. The punched region 512 forms
the lolly pop shaped “tab” that extends from the underside of
the structure. A die is used to punch these holes. Since a
plurality of the electrostatic chuck structures are
simultaneously fabricated upon a large sheet of cladply film,
the die cuts the circular shape of each chuck from the film
at the same time that the tabs 512 and hole 510 are punched.
This tab forms the extension 232 that carries power to the
electrode 222. The structure proximate electrode 220 is also
punched to form an extension (not shown).

After bonding and punching, the duo foil 516 is removed
from (peeled off) the lower adhesive layer 502. This layer
is adhered to the mounting plate 226. The punched region 512
extends throﬁgh hole 230 to form extension 232. The
extension is folded over to expose the copper conductor via
hole 522 and uses the polyimide layers 216 and 218 as an
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el éctrostatic chuck. To facilitate understanding, identica

reference nuner al s "have been used, where possible, to deS|ghate —

identical elenents that are conmon to the figures. Ebsmwa}BEEé md
DESCRI PTI ON FIG 1 depicts a sinplified, to
mul t'i chanP¥ATséAPEonduct or waf er processing system 1 ’ﬂH ﬁ ng at
| east one cool down chanber 102 that enmB8di es 35 the prese
comerci al ly avail abl e exanpl e of
6

insulative barrier between the conductive extension 232 and

the conductive mounting plate 226. Alternatively, the
extensions could be formed as “ears” extending from the edges
of the chuck and folded over the edge of the mounting plate

5 to expose the copper at the underside of the mounting plate.
The entire assembly depicted in FIG. 5E is again bonded in an

autoclave at 350°C and 300 psi to adhere layer 502 to the

mounting plate 226 to form the electrostatic chuck 200.

' The electrostatic chuck, may also be fabricated using
i 10 liquid polyimide materials which are deposited and cured in a
?2 layered manner as disclosed in common assigned U.S. Patent
) Application Serial Number 08/381,258, filed January 31, 1995.
j ' Although a polyimide-based electrostatic chuck is

described as the preferred embodiment of the invention for
15 fabrication cost and relative ease of fabrication, other

PRCHR )

electrostatic chuck assemblies would also function to improve
the heat conduction from a wafer to the cooling pedestal 206.
For example, the electrostatic chuck can be a conventional
ceramic chuck having a layer of ceramic material with

20 embedded electrodes affixed to the mounting plate. Such a
ceramic chuck is described in U.S. patent 5,117,121 issued
May 26, 1992 to Watanabe et al. In addition, a dielectric
chuck such as is disclosed in U.S. patent 4,384,918 issued

_ May 24, 1983 to Naomichi. A monopolar chuck that could be

E 25 used in lieu of the bipolar chuck disclosed above is

;i disclosed in U.S. patent application serial No.

L filed (Attorney Docket No. 1452), and commonly

i assigned U.S. patent 5,459,632 issued October 17, 1995 to
Birang et al., both of which are hereby incorporated by

30 reference. These electrostatic chucks may be bipolar or
monopolar as well as driven by either AC or DC chucking
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voltages. The important feature of the invention is the use
of an electrostatic chuck, of any form, to clamp a wafer to a
cooling pedestal within a cooldown chamber.

35 Returning to FIG. 2, the chuck 200 is releasably affixed
by a plurality of bolts 236 (or screws) to the pedestal 206.
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a nul'ti chanber system 100 is the Endura syst em manuf actured..._._by Applied
Materials, Inc. of Santa Clara, California. The f%sten1100
contains, for exanpl e, four process chanmbers 104, 1(5‘%‘us h@@ﬁmﬁ,keﬂaced

transfer chamber 112, a 5 preclean chanmber 114, a buffer ﬂ”&ﬂ@”’a

waf er or i geriqgagas chanber 118 and a pair of |oad-| s 120

and 122. The system nay al so contain a secpond cool down chanber

(shown in phantonm). Each chamber  represents a different stage or phase

of sem conductor wafer 10 processing. The buffer chanber 116 is centrally

| ocated withro pn‘cﬁt&mﬁ:ﬂue‘fst b?ﬁgh@r%gg%aggﬁolg%ﬁ&fﬁ%ﬁ@ﬁﬁ#&z22%2%8}'\@%%1

e 105 BRI g G, L5t Pt il i ot i, 1.

buf f er Chanﬂmtm_a}mﬁa@msfathie_rs\buzf?t?ic.)ﬁ@?tﬁlar.@e ';drﬁil&{}%; tg,g?,g%lflagbéagl a; iec
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; 5 236 to the pedestal such that the aluminum sheet 242 is
sandwiched between the plate and the pedestal.

To facilitate degassing of the polyimide layer(s), a
deggssing assembly is provided to remove water vapor from the
cooldown chamber. Degassing can be provided by merely

10 exposing the chamber volume 204 to vacuum for a period of
time before use. However, to more rapidly dégas the chamber,
a heating €lement is preferred. The heating element can be a

- lamp assembly (not shown) mounted external to the chamber.

To allow heat from the lamp assembly to enter the chamber, a

15 quartz window is located in the sidewall or top 202 of the

i enclosure. However, the preferred degassing technique

I directly heats the electrostatic chuck. As sych, a heating

: element 201 is located between the electrostatic chuck
mounting plate 226 and the pedestal 206. The heating .element

20 201 is a dielectric layer (e.g., a ceramic material)
containing an imbedded heating coil 203. The coil 203 is
connected to a power supply 208 and produces heat when
energized. Periodically activating the heating element 201
conductively heats the electrostatic chuck 200 to “bake out”

25 any water vapor retained by the polyimide layer(s).

The pedestal which suppdrts the electrostatic chuck 200
(and, optionally, the heating element 201) is a substantially
hollow cylindrical block of aluminum or stainless steel.

Within the hollow interior of the bédestal, there is a

30 coil 238 of tubing for carrying a coolant such as chilled
water. To promote heat conduction from the pedestal to the
coil, the coil physically contacts the interior surface (top
interior surface 240) of the pedestal 206. The tubing 238 is
connected to a heat exchanger 212 that is located external to

35 the cooldown chamber 102. The heat exchanger 212 pumps
coolant through the coils to remove heat that is conducted
into the pedestal and then, in turn, to the tubing and
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chambers 120 or 122. The robotic transport mechani sm 1247 " "transports the
Mwafers 128, one at a tinme, fromthe cassette 20 126 t0 aps @b theslhre

chanbers 118, 102, or 114. Typically, a given wafer | 2 e?°$%
t he waf er ori enter/degas chanber 118, then noved to tl ﬂﬂﬂ , ﬂ ' .
chanber 114aMANel4@b|l down chanber 102 is generally not us | ter

the wafer is processed within the proces$525 chanbers 104, 106, 108, 110.

| ndi vi dual wafers are carried upon a wafer transport blade 130 that .is
| ocated at the di stal end of the first robotic mechani sm 124.

The transf ecochamber Ad2such,sheobedddelghandehasffecttbeely rawvdse f our

process cha S #{%L éggi?gnd 110 as well as 30 the preclean chanber
114 and theﬂggglfowm %%gﬁﬁ%r 102" To , effectuate transport of a wafer
anongst the chanfeksonahby, to mrgwide ispaeNed heatcbransfer afrww dihe

roboti c traﬂé?ﬁ?iece AEE AN 1Bdcnlhe RREH2RL SEhd SfuPdicd dBfRicond
transport bl ade, 134 attached to its distal end for carrying th

e 35
i ndi vi dufl fapiestric layer 43¢ ofe Ao franfEeragaf 17 FRPHYEA Riadde134 of

. the surface of dielectric layer 224 through a conduit 244.
é : Conduit 244 leads to gas distribution channels (not shown) in
‘ the surface of dielectric layer 224. The channels can take
various geometrical forms. Heat transfer gas is fed from a
10 gas source 210 through conduit 244 to the gas distribﬁtion
channels during processing of the substrate/workpiece. Since
there are mumerous processes known in the art for etching
.polyimides, the gas distribution channels can easily be
etched into the polymeric dielectric layer 224.
15 In addition, the optional heating element 201 can be
used in combination with the thermally conductive
pedestal 206 and its heat exchanger 212 to achieve a
particular temperature for a wafer. Specifically, in such an
alternative embodiment, a temerature control circuit 250 is
20 coupled to the heating element power supply 208 as well as to
b the heat exhanger 212. The circuit 250 selectively activates
'g% the heating element 201 and the heat exchanger 212 to
L heat/cool the wafer to a particular temperature. The wafer
temperature can be monitored using a pyrometer, electro-optic
sensor, thermocouple, and the like (not specifically shown).
One or more of these sensors could be incorporated into the
control circuit 250 to form a closed-loop, temperature
control subsystem.

As previously mentioned, the e€lectrostatic chuck of the
present invention requires an electrical connector capable of
functioning at high temperatures, typically greater than

about 175°C, and can range as high as about 500°C. One

illustrative electrical connector is depicted in Fig. 4.
Electrical connector 400 is designed to make contact with

35 electrical connection extensions 232 of the type shown in
Fig. 2 and in Fig. 4. These electrical connection gxtensions
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.second transport mechani sm 132 retrieves a wafer fromthe

-7-

precl ean chanber 114 and carries that wafer to the TiFst™

of processing, for exanple, a physical vapor depOSITthmthiﬁﬁﬂaq,

wi t hin chanber 104. This stage may operate at a
exanpl e, amarexqess of 175[err]C. Once the 5 wafer is
stage deposits material upon the wafeer, the wafer

“stage

for
he PVD

RIAN, - e

second stage of processi ng. However, if that second stage of processing

is a

10

15

20

25

. 30

35

extend into the mounting plate 226 from the electrostatic
chuck electrodes and are insulated from the plate by an
insulating material 460. As discussed above with respect to
FIG. 5, the insulating material 460 on both sides of the
electrode extension is formed by the dielectric layers used
to fabricate the electrostatic chuck. To assure intimate
contact with such extensions, a spring loaded electrical
connector 400 is used. The spring loaded connector is
preferably welded into pedestal base 206 to provide a vacuum
seal between the electrical connector 400 and the pedestal
206.

A conductive contact button 410 extends from the top of
electrical connector 400 to make contact with the conductive
extension 232 via hole 522 through the insulating
material 460. Intimate contact is achieved between the
conductive extension and contact button 410 using a spring
420 to ufge conEact button 410 toward a conductive surface
425 of conductive extension 232. Spring 420 is connected at
location 432 to an extension 434 of the upper portion of
solid conductive center contact 430. Surrounding conductive
center contact 430 is a dielectric insulator 440 which
isolates center contact 430 from the surrounding pedestal
base 206. Dielectric insulator 440 is circumscribed by a
conductive clip 450 which is welded into the pedestal.
Conductive clip 450 has a thermal coefficient of expansion
which is compatible with the thermal coefficient of expansion
of the dielectric insulator 440 and the conductive material
of the pedestal base 206. A wire is soldered to the lower
end of the center contact 430 to connect the contact to the
power supply.

The materials of construction of the high temperature
electrical contact 400 are as follows: conductive contact
button 410 is stainless steel; spring 420 is stainless steel;
solid conductive center contact 430 is fabricated from
niabrium; dielectric insulator 440 is constructed from 95-97%
alumina; and conductive clip 450 is fabricated from Kovar.
Other materials of construction having substantially

. e ooy
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t t be cool ed before it is
w tenperature process stage, the wafer nus eéd ~before 1t 1s
Lgsitigﬁed mﬁthig a chanber that perforns the 10 second Stagé of

processi ng. Consequently, once the wafer is retri eveleilisfsqnggmﬁiIﬁﬁﬁe&hctsi o

[ [ i in the cool
ature chanmber 104, it is placed within tt
aggPer AMATTh4€0r ool down chanber 102L(or 103)i'lncﬁﬁgﬁ one
f the invention,: contains an elLgetrostatic ( .
gfggfﬁogtatically retaining t he marer._ghe e:ggtrostg;hgstal aﬂrgﬁ :2;?8?;
the wafer in close proximty to a liquid coo L I pi by
: e e electrosta
renoves theqhtwalémonreleet Wa &ihdrghad ex?ghggggr?g%?gg{%%%“ Lect

' In _
efor ence. ToopyeresPs il cal” Y Chemical pronsrites wamdied wi thin the
cool down cPapdlituted. t Hinssdamod MHQHSBObhoﬁﬁﬁhﬁﬁlﬁagéag¢ﬂnﬁg§c%%%gh fer

e .further processing., At

{ Enahat

It(r)]\(/av 'ltgw er?afure .Chanblg,r&) 1Q6%&h§%§[g’gglgg groxpo%xe 2% fuef porr![oﬁreed
to the ig???%’?ﬁ)‘e‘?‘ht‘ifé%’@cé@é‘@ﬂgtwe csenger ¢omtdEEIALY Qs Ay

chanmber nmegbdet MG, eMitdther, the insulator 440 coefficient of thermal
expansion should range between the coefficient of thermal
expanfion of solid conductive center contact 430 and the
coefficient of thermal expansion of conductive clip 450, to

10 reduce the stress created within and between these materials
dver the operational temperature of the electrostatic chuck.

Now, thé operation of the cooldown chamber is described
ﬁ . with respect to the polyimide-based, bipolar electrostatic
ﬁ chuck described in detail above.

4
K
Tny

15 After the second transport mechanism has positioned the
ﬁ wafer upon the top surface of the second polyimide layer 224,
5 the high voltage power supply 208 applies a voltage of
b

Consequently, charges are accumulated upon the underside of
20 the wafer, and these charges are attracted via coulomb force
i to the potential that is applied to the electrodes. As such,

il approximately 200 to 2,000 volts DC to the electrode pair.
i

3 since the charges that accumulate on the underside of the
f} wafer cannot pass through the polyimide insulating layer 224,
éé the wafer, as a whole, is attracted to the electrodes. As

§ 25 such, the wafer is electrostatically retained upon the

surface of the chuck. The wafer maintains this position

¥ until the high voltage DC power is removed from the

electrodes, at which time the transport mechanism may return

to the cooldown chamber and use the wafer transport blade to

; ;? 30 1lift the wafer from the top of the second polyimide layer

x 224. . . |

%'L While the wafer is chucked, it is in close proximity to

o the top polyimide layer such that heat is rapidly transferred
through both polyimide layers, the electrodes and the

35 mounting plate into the thermally conductive pedestal.
Consequently, the heat is carried away to the heat exchanger,
and the wafer is rapidly cooled. 1In this manner, an

REPLACED
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thajw after processing, the wafer cannot be noved directly fromthe

ghanber 106 and returned 'to the buffer chamber 116. As such, the wafer
nusﬂ*agaln be cool ed after processing 30 within the-{ ﬁMsS ?ﬁwm&mhgﬁanber
106&1&:"0‘ course, the wafer may al so require furt IM“ ot her
chanbers th@mmm 1481€e accessible via the transfer ch

pr ogessi ng I's conplete within the prggess chanbe} e transport
mecffani sm 132 noves the wafer fromthe process chanber and 35 tfransports.
the“mafer to the electrostatic chuck within the cool down chanber 102

The cool i ng apimecpherie tRanaéeitiith the idtd1@lar chambBgnisensrved fromthe

cool down Ch%@%%&s%%&”%otggpldly cool the wafer. Consequently, the cryo
pump does not require regeneration as often as needed in the
prior art. However, the wafer may be cooled even faster if 4

5 Torr of argon gas is pumped into the interstitial spaces

between the wafer and the chuck, i.e., using a backside
cooling technique. With such backside cooling, heat transfer
is substantlally improved, thus cooling the wafer very
rapldly _

10 In use, a cooldown chamber designed in accordance with
the present invention and using backside cooling, cools an
eight-inch wafer from a temperature of 450°C to 100°C in
approximately 10-15 seconds. This is an improvement of
§ _ three- to four-fold over the cooling time required by the
' 15 prior art. Additionally, a cooldown chamber of the present

invention does not require an atmosphere to be present to
enhancé the cooling time. As such, there is no buffering of
atmospheric gas necessary prior to access by the robotic
transport mechanism into the cooldown chamber nor is
20 repetitive cryo pump regeneration necessary.

Although various embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can

readily devise many other varied embodiments that still
, 25 incorporate these teachings.
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- 8- first transport mechanism 124 within the huff .
‘Lastly, the wafer is placed in the transport casseité'zgﬂ m &uﬂ AR
‘| oad- | ock chanber 122. FIG 2 depicts a verti.cak - s -

"view of the 5 cooldown chanmber 102 and the bipolar electrostatic chuck 150
taken al onMATi b&02-2 in FIGS. 1 and 3. FIG 3 is a top. plan view of the .
el ectrostatic chuck of FIG 2. To bestl9- understand t Nernis BNe@1 ik BBn Regifed

reader shoul d sinul taneously refer to FIGS. 2 and 3. - %ﬁ
cool down chanber 102 is an assenbl age of conponents in Immm ﬂlm NS
an i

vacuum sebhet 2actbasimedciswprising a plurality of si de
I nternal volunme 204, a pedestal 206 (al so known as a cooling block), a.
heater el ement 201, an el ectrostatic chyck 200, a power supply 208, a
cool ant gad-152ApRarrtes 2fier qgplinch@aWoskPRgRgein2absenag©f i st robotic

transport preeBasi ERaNBEA LEmddghere dompRiigihged access to the
5 a thermally conductive pedestal having a mounting
surface; and
an electrostatic chuck, releasably affixed to said
mounting surface of said thermally conductive pedestal, for
electfostatically retaining said workpiece in thermal contact
10 with a support surface of said electrostatic chuck. '

2. The apparatus of claim 1 wherein said electrostatic
chuck comprises:
a first polymeric dielectric layer;

15 a pair of electrodes affixed to said first polymeric
dielectric layer; and

P N I Tl

a second polymeric dielectric layer affixed to said pair
of electrodes and forming the support surface.

b 20 3. The apparatus of claim 1 wherein said thermally
: conductive pedestal comprises:
a portion defining a volume;
a heat exchanger element, contained in the inner volume,

for transferring heat from within the volume to a location
outside the volume.

4. The apparatus of claim 1 further comprising a chamber,
capable of maintaining a vacuum, having the thermally
conductive pedestal and electrostatic’ chuck contained
therein. '

5. The apparatus of claim 2 wherein the first polymeric
dielectric layer is affixed to a thermally conductive
T mounting plate. '

6. The apparatus of claim 1 wherein the electrostatic chuck
is affixed to a mounting plate and the mounting plate ‘is

THIS SHEET HAS BEEN
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vol urre 204 via a pivotal door 214 located in the si dewal | of _the
chanber. Simlarly, the second robotic transport mechani sm (132 in-FHG

1) is Pprovided access to the 20 volune 204 via a pi votmlmE m ed
i n*ia- si dewal | of t he chanber. GCenerally, doors 214 M' ,"a ed
in: OpPOShAg: Sixggwal I's of the chanber. The prefer ted"embodk ment
of the electrostatic chuck 200 conpringes a first polyneric dielectric

| ayler 218, a pair of 25 electrodes 220 and 222, and a second polyneric

dielectric | ayer 224. To provide structural rigidity to the chuck, the

oot o s saBlY a2kixkd 80T LHE hdihind SiFEACE of cHANMELMASLY 200

nmounting plate 226., e speci e electrostatic
is 30 affi cPWCEAvVenPeABERh®ing pl ate 226. The chuck conprises a
first self-adhering dielectric |ayer 218 having a thickness of 1 to 2

ml|s adhered o the plate 226; conductive | ayer el egtrodes 220 and
222) whi oh over| GFe BRBSFRFUS GF cFLRIT | & Wherdify pid BoUnEangoRIaES ve
Jlayer COrg aigumpyiclesct r odes 220 and 35 222 can be patterned into various
geonetries, FIG 3

a substantially circular, raised center portion for
supporting said electrostatic chuck;
r a mounting flange, extending radially from said center
portion; and )
10 means, releasably attached to said mounting flange, for
releasably attaching said mounting flange to said mounting

: surface of said thermally conductive pedestal.

8. The apparatus of claim 7 wherein said mounting plate
15 further comprises:
an aperture formed through said substantially circular,
W raised center portion; and
an electrode extension attached at a firét end to an
electrode of said electrostatic chuck and having a second end
el 20 defining a contact surface.

9. The apparatus of claim 8 wherein said mounting surface
of said thermally conductive pedestal further comprises:
means for releasably forming an electrical contact with
25 said contact surface of said electrode extension.

S 10. The apparatus of claim 9 wherein said means comprises:
a central conductive contact supported in an aperture in
said mounting surface by an insulanr ring; and
30 a spring, supported at a first end by a first end of
said central conductive contact, for biasingla conductive
contact button, located at said second end of said spring

into contact with said contact surface of said electrode
extension. -

35
This Sheet Has Been Replaced

11. The apparatus of claim 1 further comprising: ”"’I" ’"'" ml l’ ,"
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il1ustrates a bipolar electrode pattern); and a second . -.sel-f-adhering -
dlelectrlc | ayer 224 having a thickness of 1

49- to 2 mls. Plate 226 includes an aperture 230 ﬂl““ﬂﬂ&”““ mlnnﬂ .,“

-conductlve extensi on 232 extends to furnish an electrlc

syrface Zgg%gh £egh which power is connected to - electrode 220. The other ,’
et'ect rode IS simlarly provided 5.2an aperture and conductive extension*
(not ‘shown in FIG 2). These extension are formed (as discussed with- *
réspect to FIG

a conduit connecting the support surface of said
electrostatic chuck to a coolant gas supply.

12. The apparatus of claim 1 further comprising a degassing
5 means for degassing said electrostatic chuck.

13. The apparatus of claim 12 wherein said degassing means
is a_peating element located between said thermally
conductive pedestal and said electrostatic chuck.

10
14. The apparatus of claim 3 further comprisihg:

£ g et et o,

. * a heating element for heating said electrostatic chuck;
and
a control circuit, coupled to said heating element and
15 said heat exchanger element, for controlling the temperature
of said workpiece.

15. A cooldown chamber for a semiconductor processing system
comprising:
20 a vacuum chamber defining a volume;
a thermally conductive pedestal, located within said
volume, having a mounting surface; and
an electrostatic chuck, affixed to said mounting surface
;E ?ﬁ of said thermally conductive pedestal, for electrostatically
w}ﬁﬁizs retaining said workpiece in thermal contact with a support
| surface of said electrostatic chuck.
i

16. The cooldown chamber of claim 15 wherein said thermally
conductive pedestal comprises:

i 30 a portion defining a pedestal volume;

S TN NG AL
Y A AT

fven
¢

a heat exchanger element, contained in the pedestal
T volume, for transferring heat from within the pedestal volume
to a location outside the chamber volume.

35 17. The cooldown chamber of claim 15 wherein the
electrostatic chuck is affixed to a mounting plate and the

! "This Sheet Has BeenRepIaced )
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5 below) as lolly pop shaped "tabs". The outline of the tabs . _are. .

depicted in FIG 3. ' Al t hough the depicted chuck 2
"206 is for 10 a circular silicon wafer, such a pedestall lﬁﬁ H B H ar
or have any shape advantageous to the substrate used fo

-the sem cophrtproldevi ce. At | east one, - and preferably bot h, of
the dielectric | ayers of the elect¢¥2B+tatic chuck 200 are constructed
froma 15 -polyneric dielectric nmaterial such as polyimde, which :
provides flexibility and | ow cost in conparison with ceramc and oxi de

dielectri Cmaamatrigilgslaitre denewileasbblgvef fised stalthe mourd idios sugfadebel ow,

ot her for I thaf i C e substituted for the .
pol yi m denga c%ﬁ%{(r&vs'\lﬁls}hgﬁtnﬁg%gig?cgggleﬁga?he scope of the invention.
Mor e specrfrcally, t he | ower first polyinide film208 is adhered to the

mounting pygte ﬁﬁ% f‘aavml% of clﬁiﬁlaf@”ﬂﬁtﬂw|éinﬁﬁ:\i%ﬂ?@e'& achi eved

usi ng nethé cry ate acrylic) based adheS|ve Iaégr however,
such adhesf¢gassing feans @F9®F§H§Qaﬁalﬁ|§%e? uckr, avoid t he
need

19. The cooldown chamber of claim 18 further comprising a
heating element located between said mounting plate and said
ther&ally conductive pedestal.
10
20. The apparatus of claim 15 further comprising:
a conduit connecting the support surface of said
electrostatic chuck to a coolant gas'supply.

15 21. The apparatus of claim 16 further comprising:

: a heating element for heating said electrostatic chuck;

i and ' .

. a control circuit, coupled to said heating element and
said heat exchanger element, for controlling the temperature

20 of said workpiece. ’

22. A method of cooling a workpiece comprising the steps of:
positioning a workpiece upon a support surface of an
electrostatic chuck within a cooldown chamber, where said
25 electrostatic chuck is supported by a thermally conductive
pedestal; and '
applying power to the electrostatic chuck to
electrostatically retain the workpiece upon the support
surface, whereby heat is conducted from said workpiece
30 through said electrostatic chuck and into said thermally
conductive pedestal.

X 23. The method of claim 22 further comprising the step of
applying a coolant gas between the workpiece and the support
35 surface to enhance thermal conduction from the workpiece to
the support surface. e
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to use such acrylic adhesives, the first polyimde film218 s formed
using a polyimde filmwhich is sufficiently t her mopl ast.i.c.. that.it. can
f1 ow and bond to the pedestal under t he application of ,heat and
pressure. A preferred material 30 for use as |ower p MI mmml)ls a
hydrop(l}gtgﬂ,f @erl al such as Kapton KJ, avail abl. ton
, anple, is a thernoplagiic polylmdeahe3|ve mvmtha
glass transition tenperature (Tg) around 220[err] C. Kapton KJ S
avai lable in thicknesses as lowas 0.5 ml| (12 mcrons), 35 has a
relatively |ow Z-axis coefficient of thermal expansion (CTE, ca. 65
Dol yi m 6. 11 The maghad Wi ain 23 Porthet Eofprisiff BRE T Gk O 1e!

extracting heat from said thermally conductive pedestal using

a heat exchanger.
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tenperatures, Kapton KJ has two softening points,
.second transition tenperature above the Tg of 220[err]C,
280[err]C to 350[err]C, which nmay be considered as the

wth a
in the range of
crystalline

ctransition (Tm). This second transition 5 tenperature range functions as a
process w

substrate such as
st eel
netallic and non-netallic substrates.
280[err]C (preferably at 3
psi) using a vacuum assi st

effecti ve

bondi ng of the Kapton[err] KJ to a netallic
mounting plate 2264(typically constructed of stainless

or alum nun). Kapton KJ has been shown to bond to a variety of

the Kapton KJ to ot her materials including copper, steel,

filns.
can be construc

T L e

‘e
:i
.
'
\
'
'
A
e
o

5

10

Bonding is 10 acconpli shed above

20ls06k0) ofN€h2001 GéLogus@r € Ps! (preferably 300
e ydraul1c press or autoclave for bonding

ceranics, and

?Eaﬁagugcéﬁ@d&sc&?&nﬁrﬂén@ fethotl QSH Qéb@ihéj &huck 200 15
froma nunber _of terials sug < ger-

workplece comprising a thermally con uctlve pe al having a

support surface upon which is affixed an electrostatic chuck
for supporting and electrostatically retaining the workpiece.

The electrostatic chuck retains a wafer in close contact with
the pgedestal such that heat conduction from the wafer to the

pedestal is substantially improved over the prior art.
close contact between the wafer and the chuck facilitates the
use of a backside cooling technique to further promote the

conduction of heat to the

chuck.

Such
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surfaced cladply polyinmide film alunmnumcladply polyinide film and
alumnumfilled polyimde filmavail able from Abl esti k Laboratories,
Rancho Dom nguez, California. One preferred conductive |ayer is
avai l abl e from DuPont as 20 Paral ux AP, an adhesivel ess conposite of
polyimde film bonded to copper foil. The copper is typically rolled
anneal ed copper, but el ectrodeposited copper is also avai |l abl e.

O her naterials available for use in construction of 25 electrostatic chuck
200 incl ude polyimide cladply materials avai | abl e from DuPont under -t he
trade nanes Kapton HKJ and EKJ or UPILEX from UBE | ndustries, Ltd.
KaptomHKd-—-and--EKd . = arg heat-seal abl e/ sglf¢gdheri ng conposite filns, |
general ly congj sting ot at |east-one Xayer of Kapton KJ on top of a 30
| ayer that is, pgon-Ther«ypl astic and

l NG hi gher

re (e.gf., Tg of 330[err]C). @\
2\ s such as
\ 2T ow t her nal

core polyimde
glass transitig
non-t her nopl ast
comonl y used H pF
expansi on pol yner

ble sel ect éd frop
l A

DOT™Y
PVD
CHAMBER
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35 conposition available from DuPont). The layer thickness of cl adply

materials can be varied to neet specific needs. In addi tion, the
C lfy material can have a thernoplastic
-11- adhering | ayer on one side or on both sides of the non-
t her popl astic core | ayer, depending on the application. Typically the o
th pl asti c adhesi ve | ayer thickness ranges fromabout 0.1 - Q. 3
(2.4~ 12 mcrons), while the spre 5 layer thickness ranges from alpoutad0.R)
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m crons). Thernmal coefficient of expansion for the cladply mat eri al

havi ng an H pol yner core is about 45 ppni[err]C, dielectric strength is
about 5600 V/m |, dielectric constant is 3.22 and the dissipation factor
is 0.002. Thermal 10 coefficient of expansion for the cladply material

havi ng an E- pol ymer core is about 225 ppnmi[err]C, dielectric strength is
about 6000 V/m |, dielectric constant is 3.5 and the di ssi pation factor
is 0.002. FI G 5A-5E depict the process steps used to fabricate 15
the electrostatic chuck 200 using the polyimde cladply mat eri al - -
descri bed above. For exanple, FIG 5A depicts a commercially avail abl e
copper -surfaced cladply polyinmde film . . 500 (e.g., Kapton HKJ) having a
core layer 218 with 0:\ t her nopl asti ¢ adhering | ayer 502 and 504 on each
side of the 20 core ¥ a er and..a copper 2@ r 506 and 508 deposited upon the
surface of each therrmpl'a'b i'c adhering I"payer 502 and 504. As
depicted in FIG 5B, surf Y patterned to produce
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25 t'he other surface copper layer 508 is conpletely renpved during the
wet etch process. This provides a nodified cladply filmhaving the
desired el ectrode pattern on one surface, overlying a thernoplastic
adhering polyimde |ayer 504, overlying a high tenperature core center
| ayer 218, whi ch overlays a thernopl astic sel f-adhering polyimde |ayer
502. The |l ower surface of the nodified cladply filmis the

t her nopl astic sel f-adhering polyimde which can be bonded directly to
t he mounting plate 226. As shown in FIG 5C, a second -
pol yi m de-conprising |layer 35 216 (a thernopl astic sel f-adhering

pol yi m de-conprising film with or without a high tenperature core

| ayer) is applied over the el ectrodes 220 and 222. Specifically, the
filmis

<232 296
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| ayer 514 of KJ. Alternatively, the polyimde |ayer may be

separate layer of KJ filmis positioned atop

Kapton KJ having a polyimde |layer 216 with a self adhering

UPI LEX and a

the el ectrodes to

iti foil
litat hering the UPILEXtotheSeIectrodes Additionally, a
é’@@(. g. g%o f0|Ig I S terrporar' &aced over the bottom adhesi ve

d

entiona ol yi m de et chi ng
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O e A AP e AT AT B A7V A AE 7 X VB 7 TR
A R A T T R S T Y SRRy Wi
i Q”’”’Ill ALY L AL

, the& upper surface of the strU

K—J.D-O

\ L Z

£ Ll s
\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

A R
AL LAL L LIS IS L Qo L

\\\\\\\\\\\X\\\\\\\\\K\\\\\\\\\\\\\Q\\\\\\\\\\\\\\\\\\\\\\\

slecd e IIIIIIIIIIIIIIIIIAL.
OO ¢t

£20

4 T A\
!\\\\\\\\\&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\

7 e DRI 2 an

/V 40 r‘-2.32_ by 22¢

I’[’ﬂ'f![[fo’x”ﬂoﬂ’fﬂfO/ 10
488 520 can be etched using

 EIGE5A
FIG. 5B

FIG. 5C

FIG. 5D

. This Sheet Has Been Replaced

[

THIS SHEET HAS BE F

oenT A O



‘teéﬁniques. Additionally, two holes (one of which is sho
-hol e 522) are etched through |ayers 216 and 514 to pro |%ﬁ?§§%5@ﬁﬁ2c$ﬁé§F

point to supply electrical power to the 15 el ectrodes. The¢ rfjécessity of
these holes will becone apparent fromthe follow ng diisdusg§oflT 1997
FIG 5D further depicts the layered structure after an gccess hole 51
(i.e. the hole forns a portion of backsi de cooling gag conduit 244) and

a punched region 512 have been 20 punched through the strycture. The

punched region 5 f(] ah" nds from
t he under si de ofﬁ ﬁgﬁ%ﬂ g’rg?.ﬁnbg l{é R ﬁ%ﬁeseihol es.
' e €l eCtrost a ﬁ

Since a plurality of IC C structures are

si mul t aneously fabricated upon a | arge sheet of cladply film 25 the die
cuts thecgcircular shape of each chuck fromthe film at the sanme tine
t hat the tg%%ﬂ$%§¥2ﬂ2£ﬁ9h$E§£Q§ELQ§E1%0hEd- This tab fornms the

ext ensi on al carries power to the el ectrode 222. The structure
proxi mate el ectrode 220 is al so punched to form an extension (not
shown). 30 A terpbondi s @ Miitikde, the duo foil 516 is renoved

The invention relates to a substrate support chuck for
10 supporting a semiconductor wafer within a semiconductor
processing system. More particularly, the invention relates
to a cooldown chamber within a semiconductor processing
system, where the cooldown chamber retains a workpiece
therein using an electrostatic chuck.
15 )
2. Description of the Background Art
Modern semiconductor processing systems utilize a
sequence of stages to process a given semiconductor wafer.
Typically, each stage of the process is accomplished within
20 an individual'process chamber and a robotic transport
mechanism transports the wafer from stage to stage within the
system. Each stage of the process generally has particular
environmental requirements that differ from the requirements
of other stages within the system. As such, after completion
25 of processing within one stage that, for example, may operate
at a very high temperature, e.g., in excess of 400°C, the
wafer must be cooled before it is transported to the next
stage. In some instances, placing a "hot" wafer into certain
types of atmospheres may cause undesirable. reactions that
30 would make the wafer unusable. Furthermore, after processing
in the last stage of the semiconductor processing system, the
wafer must be cooled prior to being placed within a plastic
transport cassette. .
To facilitate cooling the wafer in a benign environment,
35 an intermediary stage is used, i.e., a cooldown chamber
provides a cooldown stage. A cooldown chamber contains a
liquid cooled aluminum pedestal having a wafer support
surface upon which a wafer can be placed by the robotic



~ from (peeled off) the | ower adhesive |ayer 502. This |ayer —adihere
_to the mounting plate 226. The punched regi on 512 ext ehFEPLALDHGHT Reit&l

230 to form extension 232. The extension is fol ded ove
copper conductor via 35 hole 522 and uses the polyimde |ayegs '@&

H Ll
1~S™aUTIcl €U

O c)\pUbe rhe

yfe iy RS

as an —2- -13- i ngullat’ ve” Barrler
bet ween the conductive extension 232 and t he conducti ve|nountTng pl at e
226. Alternatively, the extensions could be forned as "#ars" ext endi ng

fromthe edgRSport mechanism. The pedestal is located within a vacuum

10

15

20

25

30

35

chamber such that a cooldown environment can be created to
rapidly cool a wafer via conduction to the pedestal and
convection to the chamber atmosphere. - Typically, once the
transport mechanism places a wafer upon the pedestal, the
chamber is sealed, and the pressure within the chamber is
raised by introducing argon to produce a chamber pressure of
two to fqur Torr. The “£ill time” is approximately 20
seconds. As the chamber is filled, turbulence can
detrimentally move the wafer across the surface of the
pedestal. Once an argon atmosphere is present{ the wafer is
typically cooled in 30 to 40 seconds from 450°C to 150°C.
Once the wafer is cooled, the chamber can be pumped down to a
vacuum and the transport mechanism re-enters the chamber to
remove the cooled wafer. To expedite wafer retrieval, the

_-cooldown chamber is not formally pumped to a vacuum, but

rather the chamber is merely opened to the portion of the
system that contains the transport mechanism. This portion
of the system is known as a buffer chamber. A vacuum is
maintained in the buffer chamber such that the cooldown
chamber atmosphere can be “dumped” into the buffer chamber
and then pumped from the buffer chamber using a cryogenic
pump (cryo pump) .

One disadvantage of using a cooldown chamber atmosphere
in this manner is that dumping the atmosphere requires that
the cryo pump must be regenerated often. Such cryo pump
regeneration can require up to 120 to 360 minutes to
complete. Such movement can abrade material from the
underside of the wafer, producing potential contaminant
particles.

To avoid the need for repeated cryo pump regeneration
due to dumping the cooldown chamber atmosphere it would be
advantageous to cool the wafer in a wvacuum to avoid the use
of the cooldown chamber atmosphere.

Therefore, there is a need in the art for a chuck within
a cooldown chamber of a semiconductor wafer processing system



of the chuck and fol ded over the edge of the nounting pl at erpEpt ACEMENTOSBEET
.the copper at the underside of the nounting plate. The lentitre assenhbl

s
depicted in FIG 5E is again bonded in an aut ocl ave at {3 O[eérbg a&g 300
psi to adhere | ayer 502 to the nounting plate 226 to for{m t BeQLT 7

el ectrostatic chuck 200. The el egtrostati c chuck, |nd J
fabricated using 10 liquid polyimde materials which are}deposited and

L0

cured in a | ayered manner as disclosed in common assi gnee—-S—Pat-ent
Appl i cati oncipey | RlciNuFaRes08mB8dve&8cobliny ol deniebndlie8or wafer

Al th h l.yi m de-b | ect tati ' d | bed th
or ef or 6d_ RO B ASER. EPR, BrePBRIPER GHMIeh ABRAEIR B0t and rel ati ve

ease of fabrication, other el ectrostatic chuck assenblies would al so
function togd THE onduction froma wafer to the cooling
pedestal 206: el ectrostatic chuck can be a

convent i ®pnal Tlmaerdaiéagdx&inﬂaigdsahemgtafbageassécimdﬁvdumttémi a:lrim h 20
e rS oL 8 AR P SO Bt s HEP Boning' o1
workpiece (e.g., a semiconductor wafer) containing an
electrostatic chuck for supporting and retaining the
workpiece proximate a thermally conductive pedestal. The

10 electrostatic chuck retains a workpiece in close contact with
the pedestal such that heat conduction from the workpiece to
the pedestal is substantially improved over the prior art.
Such close contact between the wafer and the chuck
facilitates the use of a backside cooling technique to

15 further promote the conduction of heat from the workpiece to
the chuck.

‘The electrostatic chuck of the present invention is
affixed to a ﬁhermally conductive mounting plate. The
mounting plate is releasably attached to a thermally

20 conductive pedestal base that contains coolant flow conduits
that maintain the pedestal at a low temperature. The
pedestal base has a top surface upon which the electrostatic
chuck is releasably affixed, for example, by a plurality of
bolts or screws.

25 Optionally, a heating element is located between the
chuck and the pedestal. The heating element is activated to
periodically bake out the cooldown chamber to remove water
vapor. Alternatively, external heating elements, such as
lamps, are mounted externmal to the c¢hanmber to perform the

30 bake out function.

In the preferred embodiment of the invention, the |
electrostatic chuck comprises a first polymeric dielectric

layer which is affixed to a mounting plate. Upon the first
a pair of coplanar electrodes are

polymeric dielectric layer,
' a second

35 deposited or -affixed and, upon the electrode pair,

polymeric dielectric layer is deposited or affixed. This

second polymeric dielectric layer forms a support surface



- May 26, 1992 to Watanabe et al. In addition, a dielectric REPEAMERT) SHEET
.is disclosed in U S. patent 4,384,918 issued May 24, 1P8BT0 Naom ¢l
A monopol ar chuck that could be 25 wused in |lieu of the bipo|an ghurk 1297
di scl osed above is disclosed in U S. patent applicati OE seri.al No

filed (Attorney Docket No. 1452),4.and commonly assigned U'S.
patent 5,459,632 issued Cctober 17, 1995 to Birang et jal., both of

whi ch are hereby incorporated by 30 reference. These electrostatic chucks

may be bi pol;gbnOfhich AMERGHIWRTHelhras (ilYeBe ositidied @ indC
chucki ng vol tages. The Hg)fgrtant fﬁll%ature of .the inventjon is the use

of an el ect FBSt SP9 H 0% RIESH O L RPTHGPRAUEEOE| WAFSh REPEPSIH%  T° cool i ng
pedest al w fachliatazoel sippoxthanberafeds havinBetempergtupeBsl & 200ithexchuck

tzgg Ipz d(raglt Sﬁgggg?/tfig fé&ﬂﬂneric lﬁﬁ.eeie%ltﬂ'ri%l lnta\)fe?g.ag Oiésa 21‘?:@91( OtEexﬂ%r%V@ret 0
5 polyimide. '

The electrodes of the chuck are connected, via wires and -
vacuum sealed through-connectors, through the chamber walls
to the,positive and negative terminals of a high voltage DC
power supply (e.g., supplying 200 to 2,000 volts). To

10 facilitate releasable attachment of the chuck to the pedestal
base, the electrodes connect to terminals in the pedestal
base via a spriing loaded connector assembly. When voltage is
applied to the pair of electrodes, opposite polarity charges
are accumulated on the underside of the wafer. Such charges

15 are attracted to the electrode potential but do not migrate
through the polyimide layer. Aas such, the wafer, as a whole,
is attracted to the electrodes within the electrostatic
chuck, and consequently, the wafer is retained thereupon by
coulomb force.

20 Once "chucked", the wafer is closely held to the top
surface of the second polymeric dielectric layer. Such close
contact provides a thermally conductive path from the wafer
to the cooled pedestal. As such, the heat within the wafer

' quickly conducts through the polyimide layer, the electrodes,

25 the first polyimide layer and the mounting plate into the
cooled pedestal. The heat from the wafer is rapidly carried
by the coolant flowing through the pedestal to a heat
exchanger.

To further enhance heat conduction, a coolant gas such

30 as argon is provided to the interstitial spaces between the
wafer and the support surface of the chuck. The gas is
supplied from a coolant gas source to the wafer backside via
a centrally located portal through the pedestal and the
chuck. Distribution channels may be formed in the support

35 surface to improve gas distribution along the wafer backside.

Using an electrostatic chuck having a polymeric
dielectric support surface, backside gas cooling and a liquid



- 14- To prompte heat conduction fromthe mounting pl af eRFIGCEEAeSHEET
- .pedestal 206, an al um num sheet 242 is placed between the bottom-surf-aece
of the nmounting plate and the top surface of the pedestal | The gbat@ﬁfs

then bolted by peripheral bolts 5 236 to the pedestal such{that’ thé®' **
al um num sheet 242 is sandwi ched betteen the plate and §{hepedestat
To facilitate degassing of the polyimde |ayer(s), a degassi ng assenbly

is provided to renove water vapor fromthe cool down chanber”. ~Degassing
can be provoabed [pedestdl, H wafersican bee cobdetie froml 450°CQ b tld0Paciinm f or

et hoproplPFHOS aeo NSy i oI AR A
improvement in cooling time as compared to the prior art.
Furthermore, the present invention does not require a cooling

5 atmosphere within the cooldown chamber to achieve superior
cooling times. As such, the cooldown chamber does not
require filling and dumping of the cooldown chamber
atmosphere that may cause wafer abrasion and repeated cryo
pump regeneration.

10
BRIEF DESCRIPTION OF THE DRAWINGS

The'teacﬁings of the present invention can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

15 FIG. 1 depicts a simplified, top plan view of a
: multichamber semiconductor wafer processing system containing
a cooldown chamber that embodies the present invention;

FIG. 2 depicts a vertical cross-sectional view of the

cooldown chamber taken along line 2-2 of FIG. 1 and FIG. .3;
20 FIG. 3 is a top plan view of the electrostatic chuck
used in the present invention;

FIG. 4 depicts a cross-sectional view of a spring-loaded
electrical connector for releasably connecting a chuck
electrode to a power supply; and

25 FIG. 5A-5E depict process steps for fabricating the
electrostatic chuck.

To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common toithe figures.

30 .
DETAILED DESCRIPTION

FIG. 1 depicts a simplified, top plan view of a
multichamber semiconductor wafer processing system 100
containing at least one cooldown chamber 102 that embodies

35 the present invention. One commercially available example of



~ lanp assenbly (not shown) nounted external to the chanmber| FippAToEET GNEET

.heat fromthe | anp assenbly to enter the chanber, a 15 quiar 2wt

| ocated in the sidewall or top 202 of the encl osure. qu,y;@ﬁq

preferred degassi ng techni que directly heats the el ectrbstatitst %@k.
As such, a heating el ement 201 is | o6ated between the; el-ect-restatie—
chuck nounting plate 226 and the pedestal 206. The heating. el ement 20
201 is a dielectric layer (e.g., a ceramic material) cont-aini-ng-an
i mbedded heatmiwigt isdiambze3 syshemcdPP 293the Enduxsprmvsitesd megufagsusedsuppl y

208 and Droﬁgcﬁﬁpﬂ%ﬁ MftRR-ials, CRREY! 88Usaried | @ 4R I0a18% Akl Ng the
heating el ement” 201 conductively heats the electrostatic chuck 200 to
"bake out" 25 aniheeR¥Ftempd0 COr&AABE  bFoT neXHIPIS mi TRy

The pedlelst aéhéri]kﬂ'bf]ﬂ“s S:L_Lmorlfc)%,t Imegl)emb; oat afmsf:éw&_ihalz?fér 112(Ha|a|d;

optional Ly, the heati,ng.el eqent I.S_a _subst a ol | ow
cyIindriéalpﬁ?fiﬁ?Qﬁcgﬁhﬂﬁrh QOras#QFﬁF55§ﬁ§$éﬁfrEiét %%Wﬁﬁ%f t he hol | ow
interior ofotbenpexigds dhamberi 118 8fdcaipalBsbhileadilaykor carrying a
cool ant SUCHARREIL 1A ana 1%31.°7 TnbOsPLRER' fiaf °21s & VUHIHP Y dedBnlahe

pedestal to
cooldown chamber 101 (shown in phantom). Each chamber

represents a different stage or phase of semiconductor.wafer
10 processing. The buffer chamber 116 is centrally located with
respect to the load lock chambers 120 and 122, the wafer
orienter/degas chamber 118, the preclean chamber 114 and the
cooldowri chamber 102. To effectuate wafer transfer amongst
these chambers, the buffer chamber 116 contains a first
15 robotic transfer mechanism 124. The wafers 128 are typically
carried from storage to the system in a plastic transport
. cassette 126 that is placed within one of the load-lock
chambers 120 or 122. The robotic transport mechanism 124
transports the wafers 128, one at a time, from the cassette
20 126 to any of the three chambers 118, 102, or 114.
Typically, a given wafer is first placed in the wafer
orienter/degas chamber 118, then moved to the preclean
chamber 114. The cooldown chamber 102 is generally not used
until after the wafer is processed within the process
25 chambers 104, 106, 108, 110. Individual wafers are carried
upon a wafer transport blade 130 that is located at the
distal end of the first robotic mechanism 124.
The transfer chamber 112 is surrounded by and has access
to the four process chambers 104, 106, 108 and 110 as well as
30 the preclean chamber 114 and the cooldown chamber 102. To
effectuate transport of a wafer amongst the chambers, the
transfer chamber 112 contains a second robotic transport
mechanism 132. The mechanism 132 has a wafer transport
blade 134 attached to its distal end for carrying the
35 individual wafers.
In operation, the wafer transport blade 134 of the
second transport mechanism 132 retrieves a wafer from the




coil, the coil physically contacts the interior surface 33 AnEaimiTe

™ .'lll..-

.surface 240) of the pedestal 206. The tubing 238 is o necLed

exchanger 212 that is |ocated external to 35 the cool dowy ¢ ngp ﬁ he
ve Uidal?d n

heat exchanger 212 punps cool ant through the coils to rie

I s conducted into the pedestal and-%¥hen, in turn, to the tub%ﬂg-aﬂd—-

- 15- cool ant. As such, the heat exchanger effectively renoves
fromthe pedestal.

preclean chamber 114 and carries that wafer to the flrst '
stage of processing, for example, a physical vapor deposition
(PVD) stage within chamber 104. This stage may operate at a
high temperature, for example, in excess of 175°C. Once the
5 wafer is processed and the PVD stage deposits material upon
the wafer, the wafer can then be moved to a second stage of
processing. However, if that second stage of processing is a
low temperature process stage, the wafer must be cooled
before it is positioned within a chamber that performs thg

10 second stage of processing. Consequently, once the wafer is
retrieved from the high temperature chamber 104, it is placed
within the cooldown chamber 102 or 101.

_ The cooldown chamber 102 (or 101), in accordance with
one aspect of the invention, contains an electrostatic chuck

15 for electrostatically retaining the wafer. The electrostatic

- chuck retains the wafer in close proximity to a liquid cooled
pedestal which rapidly removes the heat from the wafer to a
heat exchanger. The electrostatic chuck used in the cooldown
chamber is described in detail with reference to FIG. 2

20 below.

Once the wafer is cooled within the cooldown chamber,
the second transport mechanism 132 moves the wafer to the low
temperature chamber 106 for further processing. Although the
low temperature chamber 106 may operate at a "low"

25 temperature compared to the high temperature processing
stage, the temperature within the chamber may be high enough
that, after processing, the wafer cannot be moved directly
from the chamber 106 and returned to the buffer chamber 116.
As such, the wafer must again be cooled after processing.

30 within the low temperature chamber 106. Of course, the wafer
may also require further processing in other chambers that
are accessible via the transfer chamber 132. Once processing
is complete within the process chambers, the transport
mechanism 132 moves the wafer from the process chamber and

35 transports the wafer to the electrostatic chuck within the
cooldown chamber 102. The cooling process is repeated and
the wafer is then removed from the cooldown chamber using the
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Optionally, to provide inproved heat transfer fromthe 6N A0k

..Shown) which is held to the surface of second 5 dieIectricT?%%ﬁJﬁggﬁéﬂggszT
heat transfer gas is applied to the surface of dielectrijc il ayer 224
through a conduit 244. Conduit 244 |eads to gas distributijonf 8h8ahelI87
(not shown) in the surface of dielect®-ic | ayer 224. The channel.s..can
t ake various geonetrical forns. Heat transfer gas is fed froma 10 gas
source 210 through conduit 244 to the gas distribution channel s . durJ;@F.__
processi ngffst hecamdmrrt'am@’qmmpmeé@‘l sinbin the Hepkfer chapherodds.

Processes KIOUY | Lild Gl i o9l en cndOk¥aoOse ddusde dost 1l but i on

channel s can S | Into the polyneric dielectric |ayer 224.

15 Wl%kkﬂtqnﬁ1 QQQ?Lﬂﬂﬁ Gﬁéﬂbﬁ€a@?§g el ement 201 can be used in
combi nation w thrg hezta@;si@&é Ya e;@mfaallveross aadesbﬁal 20Pewrsk idie heat
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circuit 25@akénZ8lompupiresl 2@ tire HIGS.| AgartieBent FPEwWed SsippltoP@laas wel |
as to  the heatoRXhenaal, Sbdie il entdCUE p2a0 26! epdiNgly activates
understand the invention, the reader should simultaneously
refer to FIGS. 2 and 3.

10 The cooldown chamber 102 is an assemblage of components
including a vacuum-sealed enclosure comprising a plurality of
sides 202 defining an intermal volume 204, a pedestal 206
(also known as a cooling block), a heater element 201, an
electrostatic chuck 200, a power supply 208, a coolant gas

15 source 210, and a heat exchanger 212. The first robotic
transport mechanism (124 of FIG. 1) is provided access to the
volume 204 via a pivotal door 214 located in the sidewall of
the chamber. Similarly, the second robotic transport
mechanism (132 in FIG. 1) is provided access to the

20 volume 204 via a pivotal door 216 located in a sidewall of
the chamber. Generally, doors 214 and 216 are located in
opposing sidewalls of the chamber.

The preferred embodiment of the electrostatic chuck 200
comprises a first polymeric dielectric layer 218, a pair of

25 electrodes 220 and 222, and a second polymeric dielectric
layer 224. To provide structural rigidity to the chuck, the
first dielectric layer 218 is affixed to a thermally
conductive mounting plate 226.

More specifically, the electrostatic chuck 200 is

30 affixed atop the mounting plate 226. The chuck comprises a
first self-adhering dielectric layer 218 having a thickness
of 1 to 2 mils adhered to the plate 226; a conductive layer
(electrodes 220 and 222) which overlays the first dielectric
layer 218 (the conductive layer containing electrodes 220 and

35 222 can be patterned into various geometries, FIG. 3
illustrates a bipolar electrode pattern); and a second
self-adhering dielectric layer 224 having a thickness of 1
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the heating el enent 201 and the heat exchanger 212 to eatLdGoMENR eSHEET
- .wafer to a particular tenperature. The wafer tenperatu;e canbe
nonitored using a pyroneter, electro-optic 25 sensor, theanécqu§lgggqu7
the Iike (not specifically shown). One or nore of these sensors could
be incorporated into the control ci4%cuit 250 to forma cl oS€d-Toop,

t enperature control subsystem As previously nmentioned, the
el ectrostatic chuck of the 30 present invention requires an electrical

connector eapabhelef prladerzdd dmclgdes Angapertmee a230 eshrdugii edlilch

reater than bout 175[err] G.~a r + [l t
gOO[ err] C. acﬁ8nducle?IFﬁ?§ F ]T%Qé"lzec%?‘rtlggiéﬁ ?gﬂﬁgﬁ%ﬁﬁh %%5 al m g.
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electrical (GaRRechL OBy 6x! Ol Yinetd21¥otkiBe! Y08 $HOMN] Tarly didiridedind in

Fig. 4. These elecirical _connection extensions

5 an aperture and conductive extension (not shown in FIG. 2).
These extension are formed (as discussed with respect to FIG.
5 below) as lolly pop shaped “tabs”. The outline of the tabs
are depicted in FIG. 3.
Although the depicted chuck 200 and pedestal 206 is for
10 a circular silicon wafer, such a pedestal may be rectangular
or have any shape advantageous to the substrate used for
production of the semiconductor device.

At least one, and preferably both, of the dielectric
layers of the electrostatic chuck 200 are constructed from a

15 polymeric dielectric material such as polyimide, which
provides flexibility and low cost in comparison with ceramic
and oxide dielectric materials in general. However, as shall
be discussed below, other forms of electrostatic chucks can
be substituted for the polyimide-based chuck without

20 exceeding the scope of the invention.

More specifically, the lower first polyimide f£ilm 208 is
adhered to the mounting plate 226. Previously such
attachment would have been achieved using methyl methacrylate
(acrylic) based adhesive layers; however, such adhesive

25 layers cannot withstand high temperatures. To avoid the need
to use such acrylic adhesives, the first polyimide film 218
is formed using a polyimide film which is sufficiently
thermoplastic that it can flow and bond to the pedestal under
the application of heat and pressure: A preferred material

30 for use as lower polyimide film 218 is a hydrophobic material
such as Kapton® KJ, available from DuPont. Kapton® KJ , for
example, is a thermoplastic polyimide adhesive film with a
glass transition temperature (Tg) around 220°C. KXapton® KJ
is available in thicknesses as low as 0.5 mil (12 microns),

' 35 has a relatively low Z-axis coefficient of thermal expansion
(CTE, ca. 65 ppm/°C), and most physical properties are
comparable to other polyimide films. At elevated
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.chuck el ectrodes and are insulated fromthe plate by an i |n<Hlaflnn

mat eri al 460. As di scussed above with respect to FI G ,, %Bﬁjgkgnc
material 460 on both sides of the 5 electrode extension is fornﬁd
dielectric layers used to fabricate-tlfe el ectrostatic chuck:.Fo-—assure
I ntimate contact with such extensions, a spring |oaded electrical
connector 400 is used. The spring | oaded connector is pr ef er abl y—wet-eed—

i Nt o pedesttaEmpeaaduzes, t Bapton® dkJ shas cwen skif terdindb @oiads .t Wathl actri cal
connector 400 apd tABREIBR! fbmperature above the Tg of 220°C, in the

range of 280°C to 350°C, which may be considered as the

crystalline transition (Tm). This second transition
5§ temperature range functions as a process window for effective
bonding of the Kapton® KJ to a metallic substrate such as
mounting plate 226 (typically constructed of stainless steel
or aluminum). Xapton® KJ has been shown to bond to a variety
of metallic and non-metallic substrates. Bonding is
10 accomplished above 280°C (preferably at 350°C) and 200 or
more psi (preferably 300 psi) using a vacuum assisted
hydraulic préss or autoclave for bonding the Kapton® XKJ to
other materials including copper, steel, ceramics, and films.
The electrodes 220 and 222 of electrostatic chuck 200
15 can be constructed from a number of materials such as copper-
surfaced cladply polyimide film, aluminum cladply polyimide
film, and aluminum-filled polyimide film available from
Ablestik Laboratories, Rancho Dominguez, California. One
preferred conductive layer is available from DuPont as
20 Paralux® AP, an adhesiveless composite of polyimide film
bonded to copper foil. The copper is typically rolled
annealed copper, but electrodeposited copper is also
available.
Other materials available for use in construction of
25 electrostatic chuck 200 include polyimide cladply materials
available from DuPont under the trade names Kapton® HKJ and
EKJ or UPILEX® from UBE Industries, Ltd. Kapton® HKJ and EKJ
are heat-sealable/self-adhering composite films, generally
consisting of at least one layer of ﬁapton@ KJ on top of é
30 core polyimide film layer that is non-thermoplastic and has a
higher glass transition temperature (e.g., Tg of 350° C).
The non-thermoplastic core layer may be selected from
materials such as commonly used H-polymer (PMDA/ODA) or from
E-polymer (a low thermal expansion polymer of undefined
35 composition available from DuPont). The layer thickness of
cladply materials can be varied to meet specific needs. 1In
addition, the cladply material can have a thermoplastic
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el ectrical connector 400 to nmake contact with the conductijv nS|
© 232 via hole 522 through the insulating 15 material 460. Intlnﬁﬁe 2t
i s achi eved between the conducti ve extension and contact!.buttion 410
using a spring 420 to urge contact -ul~t on 410 toward a conductive
surface 425 of conductive extension 232. Spring 420 is conn

| ocation 432 to an extension 434 of the upper- portion of 20 solid
conduct i ve astherdngcdayett on30ne Ssideuwdiory bowidsdtdieseof theenesr cont act

430 is a d'tﬁle‘%ﬁh%l%s‘tﬁé“l:éﬁ:@lé{}@r gﬁ%xb%mdu%‘?{ "i‘;‘h%s pAigacgaRt act 430

fromthe surraqun |ng edest al ectrl |nsulator 440 is
circunscri FR®PIGRIIY €t ecSHSE@PP%@SE}¢padHﬁF¥Mﬁ(%¢Y3§ Weigknesht sapges

pedestal . &&&pmttl veiclkip, 55ﬁ1h§s 2. 4 hermminieadhly)Gi ohb1af tﬁépeaﬁéon
which is_ c gggtlb th the ther C ffIC t %; exn n5|8 of the
dielectric #§Saha"gRHe ﬂﬁ &r i2al® Milsoligns pBdest al

base 206. Androms)s sa'héemanl teeEBEciemerof expaithioh tfoe ehet elagphiyact . 430
to connect tr}:erla %31%% EQ?H-polymer core is about 45 ppm/°C,
dielectric strength is about 5600 V/mil, dielectric constant
is 3.22 and the dissipation factor is 0.002. Thermal
10 coefficient of expansion for the cladply material having an
E-polymer core is about 225 ppm/°C, dielectric strength is
about 6000 V/mil, dielectric constant is 3.5 and the
dissipation factor is 0.002.
FIG. 5A-5E depict the process steps used to fabricate
15 the electrdstatic chuck 200 using the polyimide cladply
material described above. For example, FIG 5A depicts a
commercially available copper-surfaced cladply polyimide f£ilm
500 (e.g., Kapton® HKJ) having a core layer 218 with a
thermoplastic adhering layer 502 and 504 on each side of the
20 core layer and a copper layer 506 and 508 depoéited upon the
surface of each thermoplastic adhering layer 502 and 504.
As depicted in FIG. 5B, surface copper layer 506 is
patterned to produce the desired electrode pattern 222 and
220 using standard photoresist and wet etch techniques, while
25 the other surface copper layer 508 is completely removed
during the wet etch process. This provides a modified
cladply film having the desired electrode pattern on one
surface, overlying a thermoplastic adhering polyimide layer
' 504, overlying a high temperature core center layer 218,
which overlays a thermoplastic self-adhering polyimide layer
502. The lower surface of the modified cladply film is the
thermoplastic self-adhering polyimide which can be bonded
directly to the mounting plate 226.
As shown in FIG. 5C, a second polyimide-comprising layer
35 216 (a thermoplastic self-adhering polyimide—cémprising film
with or without a high temperature core layer) is applied
over the electrodes 220 and 222. Specifically, the film is
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~tenperature el ectrical contact 400 are as follows:

“button 410 is stainless steel; spring 420 is stainless s e SOl |
conductive .center contact 430 is fabricated from 35 ni abyi nﬂﬁﬁ&ﬂ%@ﬁwlc
i nsul ator 440 is constructed from 95-9795- alum na; ang ¢onductive.cl
450 i's fabricated from Kovar. QO her materials of construction haV|ng
substantial |y -17-

Kapton® KJ having a polyimide layer 216 with a self adhering

layer 514 of KJ. Alternatively, the polyimide layer may be
UPILEX® and a separate layer of KJ film is positioned atop

the electrodes to facilitate adhering the UPILEX® to the

5 electrodes. Additionally, a foil 516 (e.g., duo foil) is
temporarily placed over the bottom adhesive layer 502. The
structure depicted in FIG. 5C is bonded in an autoclave at

350° C and 300 psi to produce the structure shown in FIG. 5D.

At this point, if backside gas distribution grooves (not
10 shown) are desired, the upper surface of the structure 520
can be etched using conventional polyimide etching
.techniques. Additionally, two holes (one of which is shown
in FIG. 5D as hole 522) are etched through layers 216 and 514
to provide a contact point to supply electrical power to the
15 electrodes. The necessity of these holes will become
apparent from the following discussion.

FIG. 5D further depicts the layered structure after an
access hole 510 (i.e. the hole forms a portion of backside
cooling gas conduit 244) and a punched region 512 have been

20 punched through the structure. The punched region 512 forms
the lolly pop shaped “tab” that extends from the undefside of
the structure. A die is used to punch these holes. Since a
plurality of the electrostatic chuck structures are
simultaneously fabricated upon a large sheet of cladply £ilm,

25 the die cuts the circular shape of each chuck from the film
at the same time that the tabs 512 and hole 510 are punched.
This tab forms the extension 232 that carries power to the
electrode 222. The structure proximate electrode 220 is also
punched to form an extension (not shown).

30 After bonding and punching, the duo foil 516 is removed
from (peeled off) the lower adhesive layer 502. This layer
is adhered to the mounting plate 226. The punched region 512
extends throﬁgh hole 230 to form extension 232. The
extension is folded over to expose the copper conductor via

35 hole 522 and uses the polyimide layers 216 and 218 as an



equi val ent relative thermal expansion coefficients, SCLY é& ENT &

~mechani cal and chem cal properties can be substltuted Hafs bt ? 4&@

" chosen to have a coefficient of thermal expansion mhlch varies fron1the
coefficient of 5 expansion of solid conductive center cohtact: 430CbysY%ksE
t han about 10% Further, the insul atl3~ 440 coefficient @f thermal 1
expansi on shoul d range betmeen the coefficient of thernmal 'expanS|on of
solid conductive center contact 430 and the coefficient of thernmal.
expansi on igfsutanduet baer téi phdGifzert hE) corduet itbeextensionr 232 eahdvi t hin

and bet we t hes terial V. h er r e of the

el ectrost g?’iec c%ﬁﬁggg ve mognt)l\%%pe'{%ée ?p%?at ?&gﬁggﬁaf:ggn’ggb g%ém chanber is
descri bed extenstithngesputd be fomngdlag Medersifasxtendipgl frow| thereddges i c
chuck desqyd hed ERugR! éh!i f@?dé‘d &5er the @‘dg%.f otfh%héeﬁeﬂﬂtiﬁﬁnéhe 2 ccond

mechani sm has positioned on he surface. o
polylrnﬁNBQQa§6P0224the CPHBeﬁlﬁ% Qhﬁt °§uﬁbﬁym298tabglp%%t%.voltage

of appiie BRkekl 298ekBly 88Fivedd SiiDF 1 e igl aghifadBoRded: in an

Consequent |y, charges are accunul ated upon the underside of
autoclave at 350°C and 300 psi to adhere layer 502 to the

- oned

mounting plate 226 to form the electrostatic chuck 200.
The electrostatic chuck, may also be fabricated using

10 liquid polyimide materials which are deposited and cured in a
layered manner as disclosed in common assigned U.S. Patent
Application éerial Number 08/381,258, filed January 31, 1995.

Although a polyimide-based electrostatic chuck is

described as the preferred embodiment of the invention for

15 fabrication cost and relative ease of fabrication, other
electrostatic chuck assemblies would also function to improve
the heat conduction from a wafer to the cooling pedestal 206.
For example, the electrostatic chuck can be a conventional
ceramic chuck having a layer of ceramic material with

20 embedded electrodes affixed to the mounting plate. Such a
ceramic chuck is described in U.S. patent 5,117,121 issued
May 26, 1992 'to Watanabe et al. In addition, a dielectric
chuck such as is disclosed in U.S. patent 4,384,918 issued
May 24, 1983 to Naomichi. A monopolar chuck that could be

25 used in lieu of the bipolar chuck disclosed above is
disclosed in U.S. patent application serial No.
filed _______ (Attorney Docket No. 1452), and commonly
assigned U.S. patent 5,459,632 issued October 17, 1995 to
Birang et al., both of which are hereby incorporated by

30 reference. These electrostatic chucks may be bipolar or
monopolar as well as driven by either AC or DC chucking
voltages. The important feature of the invention is the use
of an electrostatic chuck, of any form, to clamp a wafer to a
cooling pedestal within a cooldown chamber.

35 Returning to FIG. 2, the chuck 200 is releasably affixed
by a plurality of bolts 236 (or screws) to the pedestal 206.
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To facilitate degassing of the polyimide layer(s), a
deg;ssing assembly is provided to remove water vapor from the
cooldown chamber. Degassing can be provided by merely

10 exposing the chamber volume 204 to vacuum for a period of
time before use. However, to more rapidly dégas the chamber,
a heating €lement is preferred. The heating element can be a
. lamp assembly (not shown) mounted external to the chamber.
To allow heat from the lamp assembly to enter the chamber, a
15 quartz window is located in the sidewall or top 202 of the
- enclosure. However, the preferred degassing technique
directly heats the electrostatic chuck. As such, a heating
element 201 is located between the electrostatic chuck
mounting plate 226 and the pedestal 206. The heating .element
20 201 is a dielectric layer (e.g., a ceramic material)
containing an imbedded heating coil 203. The coil 203 is
connected to a power supply 208 and produces heat when
energized. Periodically activating the heating element 201
conductively heats the electrostatic chuck 200 to “bake out”
25 any water vapor retained by the polyimide layer(s).

The pedestal which suppérts the electrostatic chuck 200
(and, optionally, the heating element 201) is a substantially
hollow cylindrical block of aluminum or stainless steel.
Within the hollow interior of the ﬁédestal, there is a

30 coil 238 of tubing for carrying a coolant such as chilled
water. To promote heat conduction from the pedestal to the
coil, the coil physically contacts the interior surface (top
interior surface 240) of the pedestal 206. The tubing 238 is
connected to a heat exchanger 212 that is located external to

35 the cooldown chamber 102. The heat exchanger 212 pumps
coolant through the coils to remove heat that is conducted
into the pedestal and then, in turn, to the tubing and

92)
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_necessary to rapidly cool the wafer. Consequently, the cr or“ P~ Hoes™
not require regeneration as often as needed in the priQrf r{s floTerer.

the wafer may be cool ed even faster if 4 5 Torr of argon gas is punped I njo

the interstitial spaces bet ween the-#Bfer and the chuck, i.€.77UsThg a
backsi de cooling technique. Wth such backsi de coollng” heat transfer |
is substantially inproved, thus cooling the wafer ver ' Crm

cooclant. As such the heat exchanger effectively removes
heat from the pedestal.
Optionally, to provide improved heat transfer from the
workpiece (not shown) which is held to the surface of second
5 dielectric layer 224, a heat transfer gas is applied to the
surface of dielectric layer 224 through a conduit 244.
Conduit 244 leads to gas distribution channels (not shown) in
the surface of dielectric layer 224. The channels can take
var;ous geometrical forms. Heat transfer gas is fed ﬁrom a
10 gas source 210 through conduit 244 to the gas distribution
channels during processing of the substrate/workpiece. Since
there are numerous processes known in the art for etching
.polyimides, the gas distribution channels can easily be
etched into the polymeric dielectric layer 224.
15 In addition, the optional heating element 201 can be
used in combination with the thermally conductive
pedestal 206 and its heat exchanger 212 to achieve a
particular temperature for a wafer. Specifically, in such an
alternative embodiment, a temerature control circuit 250 is
20 coupled to the heating element power supply 208 as well as to
the heat exhanger 212. The circuit 250 selectively activates
the heating element 201 and the heat exchanger 212 to
heat/cool the wafer to a particular temperature. The wafer
temperature can be monitored using a pyrometer, electro-optic
25 sensor, thermocouple, and the like (not specifically shown).
One or more of these sensors could be incorporated into the
control circuit 250 to form a closed-loop, temperature
control subsystem.
As previously mentioned, the €lectrostatic chuck of the
30 present invention requires an electrical connector capable of
functioning at high temperatures, typically greater than

about 175°C, and can range as high as about 500°C. One
illustrative electrical connector is depicted in Fig. 4.

Electrical connector 400 is designed toc make contact with
35 electrical connection extensions 232 of the type shown in

Fig. 2 and in Fig. 4. These electrical connection extensions
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5 electrode extension is formed by the dielectric layers used
to fabricate the electrostatic chuck. To assure intimate
contact with such extensions, a spring loaded electrical
connecfor 400 is used. The spring loaded connector is
preferably welded into pedestal base 206 to provide a vacuum

10 seal between the electrical connector 400 and the pedestal .
206. _

A conductive contact button 410 extends from the top of
electrical connector 400 to make contact with the conductive
extension 232 via hole 522 through the insulating

15 material 460. Intimate contact is achieved between the

. conductive extension and contact button 410 using a spring
420 to ufge contact button 410 toward a conductive surface
425 of conductive extension 232. Spring 420 is connected at
location 432 to an extension 434 of the upper portion of

20 solid conductive center contact 430. Surrounding conductive
center contact 430 is a dielectric insulator 440 which
isolates center contact 430 from the surrounding pedestal
base 206. Dielectric insulator 440 is circumscribed by a
conductive clip 450 which is welded into the pedestal.

25 Conductive clip 450 has a thermal coefficient of expansion
which is compatible with the thermal coefficient of expansion
of the dielectric insulator 440 and the conductive material
of the pedestal base 206. A wire is soldered to the lower
end of the center contact 430 to connect the contact to the

30 power supply.

The materials of construction of the high temperature
electrical contact 400 are as follows: conductive contact
button 410 is stainless steel; spring 420 is stainless steel;
solid conductive center contact 430 is fabricated from

35 niabrium; dielectric insulator 440 is constructed from 95-97%
alumina; and conductive clip 450 is fabricated from Kovar.
Other materials of construction having substantially
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.absence of a process chanber atnosphere conprising: 5

- conductive pedestal having a nmounting surface; and sp cT ﬁ@7
el ectrostatic chuck, releasably affixed to said mount ijng sk é%e of said
thermal |y conductive pedestal, for ghectrostatical ly rgtB-a-ng—sard

wor kpi ece in thermal contact

equivalent relative thermal expansion coefficients,
electrical, mechanical and chemical properties can be
substituted. Insulator 440 is chosen to have a coefficient
of thermal expansion which varies from the coefficient of

" 5 expansion of solid conductive center contact 430 by less than
about 10%. Further, the insulator 440 coefficient of thermal
expansion should range between the coefficient of thermal
expansion of solid conductive center contact 430 and the
coefficient of thermal expansion of conductive clip 450, to

10 reduce the stress created within and between these materials
over the operational temperature of the electrostatic chuck.

Now, thé operation of the cooldown chamber is described
with respect to the polyimide-~based, bipolar electrostatic
chuck described in detail above.

15 After the second transport mechanism has positioned the
wafer upon the top surface of the second polyimide layer 224,
the high voltage power supply 208 applies a voltage of
approximately 200 to 2,000 volts DC to the electrode pair.

_ Consequently, charges are accumulated upon the underside of

20 the wafer, and these charges are attracted via coulonb force
to the potential that is applied to the electrodes. As such,
since the charges that accumulate on the underside of the
wafer cannot pass through the polyimide insulating layer 224,
the wafer, as a whole, is attracted to the electrodes. As

25 such, the wafer is electrostatically retained upon the'
surface of the chuck. The wafer maintains this position
until the high voltage DC power is removed from the
electrodes, at which time the transport mechanism may return
to the cooldown chamber and use the wafer transport blade to

30 1lift the wafer from the top of the second polyimide layer
224.

While the wafer is chucked, it is in close proximity to
the top polyimide layer such that heat is rapidly transferred
through both polyimide layers, the electrodes and the

35 mounting plate into the thermally conductive pedestal.
Consequently, the heat is carried away to the heat exchanger,
and the wafer is rapidly coocled. In this manner, an




10 with a support surface of said electrostatic chuck. . ;
~apparatus of claim1l wherein said electrostatic chu(kRg§#§?W%§§}SHEET

a first polyneric dielectric |ayer; 15 a pair of elledtrodes affixed t
said first polyneric dielectric |ayer; and a|sdcohll B&ITy198Y|
dielectric layer affixed to said pair of electrodes dnd_formng the

support surface. 20 3. The apparattiB-of claim 1 wherlein said thernal
conductive pedestal conprises: a portion defining_a_uaLuae+—————j

a heat exchanger elenment, contained in the inner vol une, for
t r ansf er r i atgudegeiteficochangki withén vohe neoolsiown stdwmber 15 votsi de t he

vol ure. necessary to rapidly cool the wafer. Consequently, the cryo
pump does not require regeneration as often as needed in the
prior art. However, the wafer may be cooled even faster if 4

5 Torr of argon gas is pumped into the interstitial spaces

between the wafer and the chuck, i.e., using a backside
cooling technique. With such backside cooling, heat transfer
is substantially improved, thus cooling the wafer very
rapidly.

10 In use, a cooldown chamber designed in accordance with
the present invention and using backside cooling, cools an
eight-inch wafer from a temperature of 450°C to 100°C in
approximately 10-15 seconds. This is an improvement of
three- to four-fold over the cooling time required by the

15 prior art. Additionally, a cooldown chamber of the present
invention does not require an atmosphere to be present to
enhance the cooling time. As such, there is no buffering of
atmospheric gas necessary prior to access by the robotic
transport mechanism into the cooldown chamber nor is

20 repetitive cryo pump regeneration necessary.

Although various embodiments which incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can

readily devise many other varied embodiments that still
25 incorporate these teachings.



4. The apparatus of claim1l furt” chanber, | neo s660 B;QJ[ e\;;.p:f-y
_ maintaining a vacuum having the mu mmmr"l'ﬁl lmonduct i vp Déﬂ esfa

(

el ectrostatic chuck contained 30 t apdratys pi gAfu'n
2 wherein the first polyneric dlelectrlc Iayer |s af |

thermal |y conductive nmount i ng pl atk9- 35 6. The ipratafnq of—glal m
1 wherein the electrostatic chuck Is affixed to a noénting plate and

the nounting plate is
What is claimed is:

1. Aapparatus for cooling a workpiece in absence of a
process chamber atmosphere comprising:
5 a thermally conductive pedestal having a mounting
surface; and
an electrostatic chuck, releasably affixed to said
mounting surface of said thermally conductive pedestal, for
electfostatically retaining said workpiece in thermal contact
10 with a support surface of said electrostatic chuck. '

2. The apparatus of claim 1 wherein said electrostatic
chuck comprises:
‘a first polymeric dielectric layer;
15 a pair of electrodes affixed to said first polymeric
dielectric layer; and
a second polymeric dielectric layer affixed to said pair
of electrodes and forming the support surface.

20 3. The apparatus of claim 1 wherein said thermally
conductive pedestal comprises:
a portion defining a volume;
a heat exchanger element, contained in the inner volume,

for transferring heat from within the volume to a location
25 outside the volume.

4. The apparatus of claim 1 further comprising a chamber,
capable of maintaining a vacuum, having the thermally

conductive pedestal and electrostatic chuck contained
30 therein.

5. The apparatus of claim 2 wherein the first polymeric
dielectric layer is affixed to a thermally conductive
mounting plate.

35 |

6. The apparatus of claim 1 wherein the electrostatic chuck

is affixed to a mounting plate and the mounting plate ‘is



- 20- rel easably affixed to ' |
conductive pedestal. 7. The1 ﬁﬂ“ﬁﬁ“" r [
plate 5 conpri ses: a substanti al I'yu Clsf C

ace of grethermald ¢ = |
pin16 eﬁﬁ?ﬁﬁgé%gﬁhﬁﬂz-¥ g
ar, railseg~tenter_ portijon

b .
for supporting said el ectrostatic chuck; a nmopnt i ag fGGNGRE7
extending radially fromsaid center -poction; and 10 means, .
rel easably attached to said nounting flange, for rel epsabl’y attaching

said nounting flange to said nounting surface of saidithernmal | V..

conductive pedaghBly affixed to the mounting surface of the thermally
conductive pedestal.

7. The apparatus of claim 6 wherein said mounting plate
§ comprises:
a substantially circular, raised center portion for
supporting said electrostatic chuck;
a mounting flange, extending radially from said center
portion; and
10 means, releasably attached to said mounting flange, for
releasably attaching said mounting flange to said mounting
surface of said thermaily conductive pedestal.

8. The apparatus of claim 7 wherein said mounting plate
15 further comprises:
an aperture formed through said substantially circular,
raised center portion; and
an electrode extension attached at a first end to an
electrode of said electrostatic chuck and having a second end
20 defining a contact surface. '

9. The apparatus of claim 8 wherein said mounting surface
of said thermally conductive pedestal further comprisés:
means for releasably forming an electrical contact with
25 said contact surface of said electrode extension.

10. The apparatus of claim 9 wherein said means comprises:
a central conductive contact supported in an aperture in

said mounting surface by an insulator ring; and

30 a spring, supported at a first end by a first end of
said central, conductive contact, for biasing a conductive
contact button, located at said second end of said spring
into contact with said contact surface of said electrode
extension.

35

11. The apparatus of claim 1 further comprising:



contact wit
The appar at
conducti ve

8. 'The apparatus of claim 7 whergj ' m pl ate 18 fbRLAWEMENT SHEET
~ conpri ses: an aperture ﬂm“g@‘\ mmtm i d subst gntf-at-ty-crreurad,
rai sed center portion; and * el ect sodé extensi on ttﬁgh@@ya@ga

first end to an el ectrode of- said el ectrostatic chuck jan avi.ng a
second end 20 defining a contact surface- 9. The apparatus™of clalm
8 wherein said nounting surface of said thermally conductive pedesta
further conprises: means for releasably form ng anerécirica

h 25f§&1;dhdiﬁ9rtt %@hn&_bttﬁ.ﬁé?tazﬁé Sabort Rl %lasﬂstoné1 cont rallo-
of claim erein sai ns_conpri ses:
%i%ﬁ%ﬁﬁsgﬁﬁﬁﬁoFggﬁkihoaﬁ 53%£$3k69q§1 upﬁi?éid nmount i ng surface by

an insulator ring; and

12. The apparatus of claim 1 further comprising a degassing

5 means for degassing said electrostatic chuck.

10

15

20

25

30

35

13. The apparatus of claim 12 wherein said degassing means
is a heating element located between said thermally
conductive pedestal and said electrostatic chuck.

14. The apparatus of claim 3 further comprising:

a heating element for heating said electrostatic chuck;
and

a control circuit, coupled to said heating element and
said heat exchanger element, for controlling the temperature
of said workpiece.

15. A cooldown chamber for a semiconductor processing system
comprising:

a vacuum chamber defining a volume;

a thermally conductive pedestal, located within said
volume, having a mounting surface; and

an electrostatic chuck, affixed to said mounting surface
of said thermally conductive pedestal, for electrostatically
retaining said workpiece in thermal contact with a support
surface of said electrostatic chuck.

16. The cooldown chamber of claim 15 wherein said thermally
conductive pedestal comprises:

a portion defining a pedestal volume;

a heat exchanger element, contained in the pedestal
volume, for transferring heat from within the pedestal volume
to a location outside the chamber volume.

17. The cooldown chamber of claim 15 wherein the
electrostatic chuck is affixed to a mounting plate and the



30 a spring, supported at a [ s end by a first end ooy g !Qﬁl S
central conductive contact, for “m‘ uulﬂﬂﬁ ﬂl'l ve o a&‘ b'u‘tfj #EE?

cl

| ocated at said second end of sai cont ac %n th s sal | d
contact surface of said el ectrode ext ensi‘on.” 35 1 .‘T A& dpphi28ius
of claim1 further conprising: : -2

a conduit connecting the support surface®®f said §

mounting plate is releasably affixed to the mounting surface
of the thermally conductive pedestal.

18. The cooldown chamber of claim 15 further comprising a
5 degassing means for degassing said electrostatic chuck.

19. The cooldown chamber of claim 18 further comprising a
heating element located between said mounting plate and said
thermally conductive pedestal.
10
20. The apparatus of claim 15 further comprising:
a conduit connecting the support surface of said
electrostatic chuck to a coolant gas'supply.

15 21. The apparatus of claim 16 further comprising:
a heating element for heating said electrostatic chuck;
and
a control circuit, coupled to said heating element and

said heat exchanger element, for controlling the temperature
20 of said workpiece.

22. A method of cooling a workpiece comprising the steps of:
positioning a workpiece upon a support surface of an
electrostatic chuck within a cooldown chamber, where said
25 electrostatic chuck is supported by a thermally conductive
pedestal; and
applying power to the electrostatic chuck to
electrostatically retain the workpiece upon the support
surface, whereby heat is conducted from said workpiece

30 through said electrostatic chuck and into said thermally
conductive pedestal.

23. The method of claim 22 further comprising the Step of
applying a coolant gas between the workpiece and the support

35 surface to enhance thermal conduction from the workplece to
the support surface.




el ectrostatic chuck to a cool ant_gas. su 12. The_apparatus--of
claim1 further conprising a de% ﬂﬂm r“j“‘ or degas :Aﬁgnzs@]rqiﬁpqr SHEET
el ectrostatic chuck. Qraumﬂsap .
degassi ng neans is a heatlng elenent | ocat ed bet ween sa d Lh
conductive pedestal and said electrostatic chuck. 10 éﬁ; &r4dt us
of claim3 further conprising: -2 heati zg el enent f heaﬂkﬂgmsard
el ectrostatic chuck; and 8ontrol circuit, c upled to said
heati ng el enent and 15 said heat exchanger el enent for C F-obH-ng-the—"
tenperature of said workpiece.

24. The method of claim 23 further comprising the step of
extracting heat from said thermally conductive pedestal using
a heat exchanger.



15." A cool down chanber for a semni conductor processing systlemMEPLACEMENT SHEE
.conprising: 20 a vacuum chanber defining a vol une; e
thermal |y conductive pedestal, located within said vol une, shavimg ey
nounting surface; and an electrostatlc chuck, affjxpd'to said "~
nounting surface of said thernalTy %ohductlve pedestal, (0]

el ectrostati g ! ' _ Rif@ChwW th a
support gr.ECTRE TThe cooraowT
chanber‘6T‘ET§‘“‘I5‘Wﬁ€?€Tﬁ sald thermal |y conducti ve pedest a
conprises: 30 a portion def|n|no oedest.l volune a heat
exchanger el enent, cont ai ne&=g; R A C Ay =et=une, for transferring
heat from-w thin the pedestal volune to a |l ocation outside the chamnber

vol une. . .
Apparatus and a concomitant method for cooling a

workpiece comprising a thermally conductive pedestal having a

5 Support surface upon which is affixed an electrostatic chuck
for supporting and electrostatically retaining the workpiece.
The electrostatic chuck retains a wafer in close contact with
the pedestal such that heat conduction from the wafer to the
pedestal is substantially improved over the prior art. Such

10 close contact between the wafer and the chuck facilitates the
use of a backside cooling tecihtvicue to further promote the
conduction of heat to the chuck.

Figure 2



35 17. The cool down chanber of claim15 wherein the gl-eet-+-0st-atie—chuek

is affixed to a nounting plate and the ﬁtﬁ,@i‘,"s‘«iﬁi‘*? SHEET
-22- nounting plate is releasably affixed to the noyntg-prg-strface

of the thermally conductive pedestal. 18. The cool dgwn ckp n‘@qq fgii']
claim 15 further conprising a 5 degassing neans for degassihg’sai"d

el ectrostatic chuck.
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19. The cool down chanber of claim 18 further conprising af P SARINRYT SHEET

~elenment |ocated between said nounting plate and said t hegmalty- i
conductive pedestal. 10 20. The apparatus of claim 15 funt hef a7 ey
conpri si ng: a conduit connecting the support surface of~sard " i
el ectrostatic chuck to a cool ant gas supply. 15 21. Thejapparatus—of '
claim 16 further conprising: D/52 heating el enent foff heating said
el ectrostatic chuck; and § control circuit, coupread~tTo said
heati ng el enent and sai d heat exchanger elenent, for controlling the

tenperature 20 of said workpiece.
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22. A nmethod of cooling a workpiece conprising the steps @i

_positioning a workpiece upon a support surface of an b | RIERLAGEMENT CSHEET
chuck within a cool down chanber, where said 25 el ectrostati G—ehtek—t

o H
TTTUCN 1T O

supported by a thermally conductive pedestal ; and fﬁpbyﬁﬂg§7
power to the electrostatic chuck to el ectrostaticallyjrgta e .

wor kpi ece upon the support sur f acg/g whereby heat is cqn ted—fromrsar d
wor kpi ece 30 through said electrostatic chuck and into saijd thermally
conductive pedestal. 23. The nethod of claim 22 furttrer—conprtsing
the step of appl ying a cool ant gas between the workpi ece and the

support 35 surface to enhance thernmal conduction fromthe workpiece to

t he support surface.
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-23- 24. The nmethod of claim 23 further conprising the step of

_extracting heat fromsaid thermally conductive pedestal udi ;
exchanger . ﬂnghéﬁﬁgﬂT_SHEET
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