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of the | nweotwmwnois®P01] Enbodi nents of the present invertirag@eosizal |y
relate to el ectrostatic chucks for holding a substrate in a process
environnment. Description of the Related Art [0002]In substrate
processi ng applications, chucks are used to hold a substrate to
prevent novenent or msalignnent of the substrate during processing.
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causi ng SPYESifAgheIdiBgta SdsiateNEhRIO§esS EOVIERIEIAAM ate in the substrate
and in the electrode. Thus, an electrostatic force is generated to
attract padchptiBnidithe Wetdteatgtonto the chuck. [0004] A common
el ectrostatic chuck is a nultilayered structure fabricated using

[0002] In substrate processing applications, chucks are used to hold a substrate

to prevent movement or misalignment of the substrate during processing.
Electrostatic chucks use electrostatic aitraction forces to hold a substrate in position.
The use of electrostatic chucks has gained wide acceptance due to their advantages
over mechanical and vacuum chucks, such as the reduction of stress related
cracking in the substrate, the reduction of contamination in the processing chamber,

and the ability to retain a substrate in a fow vacuum environment.

[0003) A typical electrostatic chuck includes 'an electrically conductive electrode
embedded within an electrical insulator. A voltage source electrically biases the
substrate with respect to the electrode. The insulator prevents the flow of electrons
therethrough, causing opposing electrostatic charges to accumulate in the substrate
and in the electrode. Thus, an electrostatic force is generated to attract and hold the

substrate onto the chuck.

[o004] A common electrostatic chuck is a multilayered structure fabricated using
polyimide for the insulating layers sandwiching a copper electrode. Polyimide is a
thermosetting material that has desirable properties such as high temperature
stability (relative to other organic polymers), good dielectric behavior, and good
mechanical properlies. However, the use of polyimide to insulate the electrode
limits the lifetime of the chuck in certain substrate fabrication processes. Polyimide
and similar polymers have low erosion resistance for certain process gases and

plasmas. Oxygen-containing gases and plasmas, which are used for a variety of



polyimde for the insulating |ayers sandw ching a copper el ectrode.
Polyimde is a thernosetting material that has desirable properties
such as higbzt@npesat ure stability (relative to other egark@mv/033032
pol ynmers), good dielectric behavior, and good nechani cal properties.
However, the use of polyimde to insulate the electrode limts the
lifetime of the chuck in certain substrate fabrication processes.
Pol yim de and sim |l ar polyners have | ow erosion resistance for
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instance, a polyimde filmhaving an electrically conductive copper
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enmbodi nent of the ﬁr esent invention, a multilayer electrostatic
many steps and exiended fabrication time, but the adhesive layers may also be
detrimentally affected by process conditions within certain process chambers. This

may result in delamination of the layers, requiring replacement of the entire chuck.

[0007] Therefore, a need exists for an improved electrostatic chuck and a

simplified method of manufacturing the same.

SUMMARY OF THE INVENTION

[0008] In one embodiment of the present invention, a multilayer electrostatic
chuck comprises a high-purity polyaryletherketone member having a low

“concentration of metallic ions, wherein the high-purity polyaryletherketone member



chuck conprises a high-purity pol yaryl et her ket one nmenber having a | ow
concentration of netallic ions, wherein the high-purity
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dielectric within the electrostatic chuck, and a prefornmed el ectrode
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the above recited features of the present invention can be understood
i n det ai POndedioeethekrti cul ar description of the invention, briefly
sumari zed above, may be had by reference to enbodi nents, sonme of
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polyaryletherketone layer, thermoplastically bonding the first and second high purity
polyaryletherketone layers together, and thermoplastically bonding the first

polyaryletherketone layer to a substrate support platen.

BRIEF DESCRIPTION OF THE DRAWINGS

[o011] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particuiar description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0012] Figure 1 is a schematic, cross-sectional view of an embodiment of an

electrostatic chuck assembly according to the present invention.

{0013} Figure 2 is a schematic, cross-sectional view of an exemplary processing

chamber in which the electrostatic chuck assembly may be utilized.
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[tenFigure 1 is a schematic, cross-sectional view of an enbodi nent of
an electrostatic chuck assenbly according to the present invention.

[ 0013] Fi guwe 280911825890 schemati c, cross-sectional view of pansieopsasy
processi ng chanber in which the electrostatic chuck assenbly may be
utilized. WD 2009/ 102589PCMJS2009/ 033032 [rmu] Figure 3 is a
schematic, top, plan view of an exenplary cluster tool in which the
exenpl ary processing chanber may be utilized. DETAI LED DESCRI PTI ON

rovides a high efficiency

[00151The present. invention generall )
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The hi gh vefidH BicesehpRirg précsitlg chafibef ndy1sd Hilgsqan el ectrode
enbedded between two | ayers of a high-purity, thernoplastic film In
particular, the high-purity, thernoplastic filmmay be a high-purity
polyarylg b ﬁ n extrenely low |l evel of netallic ions
pr esent ' pol yaryl et her ket one has excel | ent wear

resi st an hi g e . S , . esi sf.ance orrosiyve
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present invention also. I t .
Phe-nt oh®BEFPRAEn efua cBlPis oy pRofpdi embestiad Pefarotns Fyets of & high-
schemat i puritg) besmepiastione. W putiellarnheHgbimY! ttmaplastic film may be a

high-purity polyaryletherketone having an extremely low level of metallic ions

present therein. High-purity polyaryletherketone has excelient wear resistance, high
temperature resistance, plasma resistance, corrosive chemical resistance, electrical
stability, and strength as compared to polyimide films currently used in electrostatic
chucks. The present invention also provides a simplified method of manufacturing

the high efficiency electrostatic chuck.

[0016] Figure 1 is a schematic, cross-sectional view of an embodiment of an
electrostatic chuck assembly 100 according to the present invention. The
electrostatic chuck assembly 100 includes an electrostatic chuck 112 atop a
substrate support platen 110. Electrostatic chuck 112 comprises a dielectric
member 120 bonded to the substrate support platen 110. An electrode 122 is
embedded within the dielectric member 120. The electrode 122 may be
preconfigured into various geometries and may be monopolar or bipolar. In one
embodiment, the dielectric member 120 may comprise a first dielectric layer 124
bonded to the substrate support platen 110 and having the preformed electrode 122
configured thereon. A second dielectric layer 114 may be configured atop the
electrode 122 and the first dielectric tayer 124 and bonded thereto.

[0017] The substrate support platen 110 may include an opening 111 through
which a conductive extension 116 may extend to furnish an electrical contact
surface 118 through which power may be connected to the electrode 122. High
voltage ranging from about 200 V to about 2,000 V may be applied to the electrode

122 to create polarization of the insulating dielectric films, creating static electricity
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el ectrostati c chuck assenbly 100 according to the present

I nvention. The electrostatic chuck assenbly 100 includes an

el ect rost avbqomhonzke 112 at op a substrate support pl at erctia2009/033032

El ectrostatic chuck 112 conprises a dielectric nmenber 120 bonded to
the substrate support platen 110. An el ectrode 122 is enbedded within
the dielectric nenber 120. The el ectrode 122 may be preconfi gured

I nto various geonetries and may be nonopol ar or bipolar. In one
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[0019] Both the first dielectric layer 124 and the second dielectric layer 114 of the
electrostatic chuck 112 may be formed from a high-purity, thermoplastic fifm, such
as a high-purity polyaryletherketone having an extremely low level of metallic ions
present therein. In this context, high-purity is defined as having no greater than one
part per million of each of the following metals: aluminum, antimony, arsenic,
barium, beryllium, bismuth, boron, cadmium, calcium, chromium, cobalt, copper,
gallium, germanium, hafnium, indium, iron, lead, lithium, mercury, magnesium,
manganese, molybdenum, nickel, niobium, phosphorus, potassium, rubidium,
scandium, selenium, silicon, silver, sodium, strontium, sulfur, tantalum, tellurium,

thallium, tin, titanium, tungsten, vanadium, yttrium, zinc, and zirconium.

[0020] High-purity polyaryletherketone has excellent strength and puncture
resistance as compared to traditional thermoplastic polyimide films. As previously
described, substrate particles may be transferred to the surface of electrostatic
chuck 112 from the backside of the wafer or from wafer breakage. Puncture of the
first dielectric layer 124 may result in arcing between the electrode 122 and the
plasma in the chamber. Therefore, the use of high-purity polyaryetherketone in the
dielecttic layers significantly extends the life of the electrostatic chuck 112 by

providing protection from substrate particle puncture.

[0021] Additionally, high-purity  polyaryletherketone has excellent high
temperature resistance, such that the electrostatic chuck 112 may be used in
5



surface of the second dielectric |layer 114, a heat transfer gas may
be fed to the surface of dielectric layer 114 through a conduit 128.
Condui t 128omap/1bmsad to gas directing channels in the ¥urfimemonisoshe
dielectric layer 114 (not shown). The channels nay take various
geonetrical forms. Heat transfer gas may be fed through conduit 128
to the gas directing channels during processing of the substrate.
[am Both the first dielectric |ayer 124 and the second dielectric
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present invention is VICTREX Ulira-High Purity (UHP) PEEK polyaryletherketone

(UHP PEEK) manufactured by Victrex plc located in Lancashire, England.

[6025] The electrostatic chuck 112 of Figure 1 further benefits from use of high-
purity polyaryletherketone in simplicity and ease of manufacturing as compared to
traditional polyimide films. One advantage to using high-purity polyaryletherketone
in forming the first dielectric layer 124 and the second dielectric layer 114 is due to
the thermoplastic characteristics of the material. As previously discussed, creating
multilayered stacks of an electrostatic chuck using polyimide, requires building up a
copper circuit atop a first dielectric layer and adhering a second dielectric layer atop
the stack via a pressure or heat sensitive adhesive. In contrast, an embodiment of a
manufacturing method according to the present invention does not require the

buildup step or the adhesive step.



For instance, a pre-clean etch plasma with 100% oxygen (02) gas may
result in less than 0.14 g/cn2 mass |l oss in 100 hours of plasma etch

performed @@ 2@ook@2589 CN2 pl aque. This characteristic al l@weushiBizzos:
surface of the electrostatic chuck 112 to be pretreated and cl eaned

to optim ze chucking paranmeters without the need to open the chanber
and expose the chanber to contam nants, as is required for cleaning
an el ectrostatic chuck constructed of polyimde filnms.
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el ectrostatic chuck 112 may then be pressed and thernopl astically
bonded tgeE’q’FéT'%lﬁ???'ﬁ@lé’aﬁebﬂ%%s“kﬂnaﬁ%'OI’ll@PmWHE@mt he requirenments
of building up the electrode circuit and adhering the | ayers via
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cross- Seﬁéé gﬂ&&ly\QB%%eRjinga g ﬁéleaml & Mo X585 itﬁ]aq are fed from a process gas
source 283. The gas flow through the nozzles 285 may be controlled by one or
more gas valves 284. The gas may be energized to form a plasma by coupling
electromagnetic energy, such as radio frequency (RF) or microwave energy, to the
gas. In the processing chamber 200, shown in Figure 2, the gas may be energized
inductively by applying an RF voltage from an antenna power supply 290 to an
inductor antenna 295 adjacent the ceiling 245 of the chamber 200. Optionally, the
gas may be energized capacitively by applying an RF voltage from an electrode

voltage supply 210 to the electrode 122 of the electrostatic chuck assembly 100 and
7



chanber 200 in which the electrostatic chuck assenbly 100 nay be
utilized. The exenplary processing chanber depicted nmay be suitable
for pl asnawetediiagss However, the el ectrostatic chuck assandskynebsszof
the present invention may be used in other chanbers perform ng other
processes such as chem cal vapor deposition, physical vapor
deposition, and ion bonbardnment. [0028] The processi ng chanber 200
generally conprises sidewalls 235, a ceiling 245, and a bottom 250,
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electro Retic energy, such as radio frequency (RF) or mcrowave
energy, to the gas. In the processing chanber 200, shown in Figure 2,
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CLAIMS: 1. Amultilayer electrostatic chuck, conprising: a

hi gh-purity pol yaryl et her ket one nenber having a | ow concentration of
netallic ions, wherein the high-purity polyaryl et herket one nenber
acts as a dielectric within the electrostatic chuck; and a
prefornmed el ectrode enbedded within the high-purity

pol yaryl et her ket one nenber, wherein the high-purity

pol yaryl et her ket one nenber includes no greater than one part per

mllion of any one of alum num antinony, arsenic, barium beryllium
bi smut h, boron, cadm um calcium chromum cobalt, copper, gallium
germani um hafnium indium iron, lead, lithium mercury, nmagnesium

manganese, nol ybdenum ni ckel, niobium phosphorus, potassium
rubi di um scandium selenium silicon, silver, sodium strontium
sul fur, tantalun1 tellurium thalllun1 tin, titanium tungsten
vanadi um ytk MM&h zinc, and zirconium 2. The mul til ayer

el ectrostatic chuck of clain11, wherein the high-purity

pol yaryl et her ket one nenber conprises a first and second, |ayer

t her nopl ast4i cal Mz,.',_ﬁmg dpftrgstQﬁbechﬁElPE&ﬁﬁnsm nd wherein the first |ayer

is thernoplastica a substraté& platen. 3. The nultil ayer
el ectrostatic cﬁd‘t*,gb “RI¥ityc pelyarylsthenfplapeimemoge hRYiIRm ap(w egncentration of

pol yaryl et hegtrd m ekt the rfgﬁﬁptﬁityaﬁblyédrggtﬁerﬂétaﬁd’fméﬁﬁéhlm as4a h
environnent,. Go X e, S exclte y a power source e
| Tayer el SEREROBRoERE)

mul til ayer Ia|m2 wherein the high-purity
pol yaryl et her ke om@rmemmrcbt&serab@ded aiflin dhee higopurity palyarpietharetohas a

mass | 0SS Gferhies Suilehdh 1R didn- géw%o@é&@{he&%n@%ﬁﬁepfnc;@a&owpr@aﬁep a

pl asma etchlng envi ronnent nprising .100% ox %
mul til ayer Rae®lG 88t Ler 6”"&%8& agy %’Pa?fnﬁ‘"ﬁ“'“\’m’e?@im? Y:h@rsenic, bariam,
pol yaryl et merymwpnemmniberrom gadhgerh Stalelim,t chrarhik@| icshaltatappet, | gllium,

hydr ocar bo 0 Y,

mul til ayer @glimeagi[u&(ﬁ@ ﬂaﬂ""@k'gé‘(r)[g% a| %We\%u@f%%ﬂ?ﬂum, a'}?muri ty
pol yar yl et imsivkdenye ﬁ@h%ermqbynad@b@wOwa d@f@ﬁ'ﬁimouﬁiwlu@pe?%ﬂéumn a
processi Ng s@BMirh OSINBAL sillé batiund, JtRATER, BLMrtapialugY, @Nlifim, thakun? GRC.

titanium, tungsten, vanadium, vitrium, zinc, and zirconium.

2, The multilayer electrostatic chuck of claim 1, wherein the high-purity
polyaryietherketone member comprises a first and second layer thermoplastically
bonded to one another, and wherein the first layer is thermoplastically bonded to a

substrate platen.

3. The multilayer electrostatic chuck of claim 2, wherein the high-purity
polyaryletherketone member is resistant to a plasma etching environment comprising

oxygen gas excited by a power source.

4, The multilayer electrostatic chuck of claim 2, wherein the high-purity
polyaryletherketone member has a surface area of 10.3 cm? and has a mass loss of
less than 0.14 glem? after 100 hours of exposure fo a plasma etching environment

comprising 100% oxygen gas.



7. The nmultilayer electrostatic chuck of claim®6, wherein the surface
of the high-purity pol yaryl etherketone nmenber is plasma treated to
vary the surface paraneters. 8. An electrostatic chuck assenbly,

conprising: a substrate support platen; a first

pol yaryl et herketone | ayer having a first surface thernoplastically
bonded to the substrate support platen; a second

pol yaryl et her ket one | ayer having a second surface configured to
support a substrate; and an el ectrode nenber enbedded between
the second surface of the first polyaryl etherketone | ayer and the
first surface of the second pol yaryl et her ket one | ayer; wherein

the first and second pol yaryl et herketone | ayers are thernoplastically
bonded together, wherein the first and second pal yaryl et her ket one

| ayers haveS| esdhe muiilayereelgshipstatisehuet of dalm 2ovhasgie hegfolvarvipthentptane
antinony, age@BérGs rdditdnti(B allfis,yarbistiB hydideambis, alk6KdM) ané agdrogiNated

cal ci um c%%m u cobalt, copper, gallium germani um hafnium

i ndi um i r o8R8 it hi um nercury, nagnesium manganese,

nol ybdenum ni ckel, ni obium phosphorus, potassium rubidium

scandium  sgl e”*'n&lé“mlﬁtiil%#efOéfectréété%%huqiog% Whim S3,7 QRLAEMMheS HighBrity
tantalum tellurium thalltum tin, titanium tungsten, vanadi um
yttrium ziRaviersatoneonenbsr iurdries te wantlpyRlyr GHERIR AP 1eePBRRESM Ay er s

are surf acenbifeniedtihdvinga terhgsaBreaf yica@PIBARO®ONPr i Si ng an pxygen gas |
excited by a 'power source, and wherein the el ectrostatic chuck
assenbly is adapted for continuous use in a thermal environnent of
200C or norfe. 9The melithysd etebirdsidiic cluckioh glaians. evhetst ths sartface of hediigh-

assenmbly, CARPHLEERRinerketone mehBEH 9 BladmP irEdta @RAy LGRS RRLNEEN a
first high purity polyaryletherketone |ayer and a second hi gh-purity

pol yaryl et her ket one | ayer; t hernopl astically bonding the first
and second high purity pol yaryl et herketone | ayers together;

B.  An electrostatic chuck assembly, comprising:

a substrate support platen;

a first polyaryletherketone layer having a first surface thermoplastically
bonded to the substrate support platen;

a second polyaryletherketone layer having a second swrface configured to
support a substrate; and

an electrode member embedded between the second surface of the first
polyaryletherketone layer and the first surface of the second polyaryletherketone
layer;

wherein the first and second polyaryletherketone layers are thermoplastically
bonded together, wherein the first and second polyaryletherketone layers have less
than one part per million of each of aluminum, antimony, arsenic, barium, beryllium,
bismuth, boron, cadmium, calcium, chromium, cobalt, copper, gallium, germanium,
hafnium, indium, iron, lead, lithium, mercury, magnesium, manganese, molybdenum,
nickel, niobium, phosphorus, potassium, rubidium, scandium, selenium, silicon,
silver, sodium, strontium, sulfur, tantalum, tellurium, thallium, tin, fitanium, tungsten,
vanadium, vttrium, zinc, and zirconium, wherein the polyaryletherketone layers are

surface freated in a plasma environment comprising an oxygen gas excited by a
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cl eaning the surface of the first and second pol yaryl et her ket one

| ayers by exposing the electrostatic chuck assenbly to a plasma
envi ronnment conprising oxygen excited by a power source; and
thernopl astically bonding the first polyaryl etherketone |ayer to a
substrate support platen, wherein the high purity polyaryl et her ket one
| ayers contain | ess than one part per mllion of each of alum num
anti nony, arsenic, barium beryllium bisnuth, boron, cadm um

cal cium chrom um cobalt, copper, gallium gernmanium hafnium
indium iron, lead, lithium nercury, magnesium manganese,

nol ybdenum ni ckel, ni obium phosphorus, potassium rubidium
scandium selenium silicon, silver, sodium strontium sulfur

tantalum tellurium thallium tin, titanium tungsten, vanadi um
yttrium ziPRWer a3pyrogi @adnwhasein the electrostatic chuck assembly is adapted for

continuous use In a thermal environment of 200°C or more,

9. A method of fabricating an electrostatic chuck assembly, comprising:

placing a preformed electrode between a first high purity polyaryletherketone
layer and a second high-purity polyaryletherketone iayer;

thermoplastically bonding the first and second high purity polyaryletherketone
layers together;

cleaning the surface of the first and second polyaryletherketone iayers by
exposing the electrostatic chuck assembly to a plasma environment comprising
oxygen excited by a power source; and

thermoplastically bonding the first polyaryletherketone layer to a substrate
support platen, wherein the high purity polyaryletherketone layers contain less than
one part per million of each of aluminum, antimony, arsenic, barium, beryilium,
bismuth, boron, cadmium, calcium, chromium, cobaif, copper, gallium, germanium,
hafnium, indium, iron, lead, lithium, mercury, magnesium, manganese, molybdenum,
nickel, niobium, phosphorus, potassium, rubidium, scandium, selenium, silicon,
silver, sodium, strontium, sulfur, tantalum, tellurium, thallium, tin, titanium, tungsten,

vanadium, yitrium, zinc, and zirconium.
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