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Enbodi ments of the present invention generally relate to substrate
process equi pnent. BACKGROUND nu] An electrostatic chuck (ESC) may
be coupled to a conponent of a substrate support by, for exanple, an
adhesive layer. As the feature size of devices to continue to shrink,
t he processes by which such devices are fabricated increasingly
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[0003] Moreover, many processes being utilized or developed to fabricate smaller
feature size devices also utilize increased RF power, which can further exacerbate
the above-noted temperature problem and may also erode the adhesive layer.

[0004] Accordingly, the inventors have provided methods and apparatus for
improving the bond between an ESC chuck and a component of a substrate support.

SUMMARY

[0005] Methods and apparatus for bonding an electrostatic chuck to a component
of a substrate support are provided herein. In some embodiments, an adhesive for
bonding components of a substrate support may include a matrix of silicon-based
polymeric material having a filler dispersed therein. The silicon based polymeric
material may be a polydimethylsiloxane (PDMS) structure having a molecular weight
with a low molecular weight (LMW) content ¥ D3 — D10 of less than about 500 ppm.
In some embodiments, the filler may comprise between about 50 to about 70 percent
by volume of the adhesive layer. In some embodiments, the filler may comprise
particles of aluminum oxide (AlzO3), aluminum nitride {AIN), yttrium oxide (Y20z3), or



conbi nati ons thereof. In sone enbodi nents, the filler may conprise
particles having a dianmeter of about 10 nanoneters to about 10

m crons. [0006] In sone enbodi nents, a substrate support nay include
a base; an adhesive | ayer conprising a matrix of silicon-based
polymeric material having a filler dispersed therein; and an
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular 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.

[0009] Figure 1 depicts a schematic side view of an etch reactor having a process
Kit disposed therein in accordance with some embodiments of the present invention.

[0010] Figure 2 depicts a partial side view of a substrate support in accordance
with some embodiments of the present invention.



[0011] Figure 3 depicts a flow chart of a nethod for fabrication a
substrate support. [01312] Figure 4A-C depicts stages of fabrication
of a substrate support in accordance with the nmethod depicted in
Figure 3. [0013] The drawi ngs have been sinplified for clarity and
are not drawn to scale. To facilitate understanding, identical
reference nuneral s have been used, wherever possible, to designate
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may advantageously provide high thermal conductivity, high lap shear strain, high

tensile strain, low outgassing, high purity, and/or high resistance to plasma erosion.

[0015] A substrate support in accordance with the present invention may be
configured to be disposed in a process chamber. For example, Figure 1 depicts a
schematic diagram of an exemplary etch reactor 102 of the kind that may be used to
practice embodiments of the invention as discussed herein. The reactor 102 may be
utilized alone or, as a processing module of an integrated semiconductor substrate
processing system, or cluster tool (not shown), such as a CENTURA® integrated
semiconductor wafer processing system, available from Applied Materials, Inc. of
Santa Clara, California. Examples of suitable etch reactors 102 include the DPS®
line of semiconductor equipment (such as the DPS®, DPS® II, DPS® AE, DPS® G3
poly etcher, or the like), the ADVANTEDGE ™ line of semiconductor equipment (such
as the AdvantEdge, AdvantEdge G3), or other semiconductor equipment {such as
ENABLER®, E-MAX®, or like equipment), also available from Applied Materials, Inc.
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The above |isting of sem conductor equipnment is illustrative only,
and other etch reactors, and non-etch equi pnent (such as CVD
reactors, or other sem conductor processing equipnment) may be

nodi fied in accordance with the teachings provided herein. [Oom The
reactor 102 conprises a process chanmber 110 having a conductive
chanber wall 130 that is connected to an electrical ground 134 and at
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[ 0022] The adhesive | ayer 204 is disposed atop the base 202 and forns
a bond between the base 202 and the electrostatic chuck 126. The
adhesi ve | ayer 204 may have a thickness between about 4 to about 15
mls. Generally, the adhesive |ayer may have a thermal conductivity
of greater than about 0.5 WnK. The adhesive | ayer 204 may have | ap
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The baff asse
chuck 126. The base 202 may comprise any suitable material as necessary to

provide the above discussed functions, or to be compatible with a plasma and/or
semiconductor processing environmeni. In some embodiments, the base 202 is
fabricated from aluminum (Al), stainless steel, Al-ceramic composites, or
combinations thereof.

[0022] The adhesive layer 204 is disposed atop the base 202 and forms a bond
between the base 202 and the electrostatic chuck 126. The adhesive layer 204 may
have a thickness between about 4 to about 15 mils. Generally, the adhesive layer
may have a thermal conductivity of greater than about 0.5 W/mK. The adhesive

layer 204 may have lap shear strain, tensile strain, erosion resistance and
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configured to hold a process kit, process kit shield, or the like. A
gap 210 may exi st between the peripheral edge of the electrostatic
chuck 126, the adhesive |ayer 204, and the base 202, and the optional
conponents of the substrate support 116. In some enbodi nents, a
silicon insert may be di sposed atop the gap 210 to limt reactive
gases or plasma frontentering the gap 210 during processing Further
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(He) gas\)\reight (LMW) content = D3z — D1 (e.g., the sum of all constituents of D3 through Dy,
wherein D3 through Djg refers to the repeating dimethylsiloxane unit) of, in some
embodiments, less than about 200 ppm, or in some embodiments, less than about
500 ppm.

[0024] A filler may be dispersed with the matrix of the adhesive layer 204. The filler
may be utilized, for example, to enhance mechanical or thermal properties, such as
thermal conductivity. The filler may comprise between about 50 to about 70% by
volume of the adhesive layer 204. In one embodiment, the filler is about 67% by
volume of the adhesive layer 204. The filler may include particles, such as particles
comprising aluminum oxide (Al2Os), aluminum nitride (AIN), yttrium oxide (Y,0s3), or
combinations thereof. The particles may range in diameter between about 10
nanometers to about 10 microns, or between about 100 nanometers to about 3
microns.

fo025] Optionally, the substrate support 116 may include additional components
such as a cathode 206 for providing RF bias to the substrate 100, or a baffle
assembly 208 disposed about the base 202. The baffle assembly 208 may be



is provided froma gas source 148 into channels, which are fornmed by
t he back side of the substrate 100 and the grooves (not shown) in the
surface of the electrostatic chuck 126. The heliumgas is used to
facilitate a heat transfer between the substrate support 116 and the
substrate 100. The electrostatic chuck 126 is heated by a resistive
heater (not shown) within the chuck body to a steady state

gﬁggf; ZE ééorn%g@%%r}ﬁoé@%lﬁéﬁ%ﬁ%ﬁ%%{a&c&sg}&ts feld ,ntiarft% r[‘ﬂ(ge% g']é] |:9 2% (f) rﬁ[ a@eexist
between the peripheral edge of the electrostatic chuck 126, the adhesive layer 204,
and the base 202, and the optional components of the substrate support 116. In
some embodiments, a silicon insert may be disposed atop the gap 210 to limit
reactive gases or plasma from entering the gap 210 during processing. Further, the
substrate support 116 may include holes (not shown) disposed therethrough the
base 202, adhesive layer 204 and electrostatic chuck 126 to accommodate, for
example, lift pins (not shown) which can be utilized to raise and lower the substrate

100 with respect to the upper surface of the substrate support 116.

[0026] Returning to Figure 1, in operation, the substrate 100 is placed on the
substrate support 116. The chamber interior is pumped down to a near vacuum
environment, and a gas 150 (e.g., argon), when ignited produces a plasma, is
provided to the process chamber 110 from a gas panel 138 via the showerhead 132.
The gas 150 is ignited into a plasma 152 in the process chamber 110 by applying the
power from the RF source 118 to the upper electrode 128 (anode). A magnetic field
is applied to the plasma 152 via the solenoid segment(s) 112, and the substrate
support 116 is biased by applying the power from the bias source 122. During
processing of the substrate 100, the pressure within the interior of the etch chamber
110 is controlled using the gas panel 138 and the throttle valve 127. The plasma
152 may be utilized, for example, to etch a feature such as a via or trench in the
substrate 100.

[0027] The temperature of the chamber wall 130 is controlled using liquid-
containing conduits (not shown) that are located in and around the wall. Further, the
temperature of the substrate 100 is controlled by regulating the temperature of the
substrate support 116 via a cooling plate (not shown) having channels formed
therein for circulating a coolant. Additionally, a back side gas (e.g., helium (He) gas)
is provided from a gas source 148 into channels, which are formed by the back side
of the substrate 100 and the grooves (not shown) in the surface of the electrostatic
chuck 126. The helium gas is used to facilitate a heat transfer between the substrate
support 116 and the substrate 100. The electrostatic chuck 126 is heated by a
resistive heater (not shown) within the chuck body to a steady state temperature and
the helium gas facilitates uniform heating of the substrate 100. Using thermal control
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of the chuck 126, the substrate 100 is maintained at a tenperature of
bet ween 10 and 500 degrees Cel sius. foam A controller 140 may be used
to facilitate control of the chanber 110 as descri bed above. The
controller 140 may be one of any form of a general purpose conputer
processor used in an industrial setting for controlling various
chanbers and sub-processors. The controller 140 conprises a central

pr ocessi n 4 Y. and su ort cihrcuits 146 f
Phe” opu dardirlrekoi2g ' Bup il TRP s s & P doisbe Bt forpEn a0
chanber d4ridD50®dégreiel iGeidies.control of the etch process. The nmenory 142
is coupled to the CPU 144. The nmenory 142, or conputer-readable

medi um mmsl beAasmtrollemd4@ rody beastbédYtoaf\e@!llta’cl@|c©nﬂ‘enﬁf thes bigdimBsr 1 ameem
access %é I\/{6 ead onI g %R% d| sk, hard di sk,
or any §RoriDed AbPYE- %%ﬁro &ﬂQg{B Y eefra% FbOf #IQ@”@[%;SHFROS@
circui tsccﬁﬁﬁutéf r&d@é@éregsé@ 1ﬁ e |ﬁ8&’5tﬂ|§l43étﬂﬁg 9fb'rp88rﬁthlI% Uhfoly e65RBE%

in a convent|onal manner. These circuits I nclude cache, power

suppl i esand: pdeRragessernst J1 he| agptofierut4comprises argeniAtpsEsssieg emi, (CRvY
the |like 'iﬁ@{r 0 d

causes tkeﬁrazgit or elc‘)mpébp r%igﬁo%egggé;g?éggﬁh% Cp)gt iﬂgﬁqgcesé d tgrthe
t he |i keyarmnd dosnpgaretsadfl thie star pacess thembembiy/tolf42ilitald eostodltofdneetch

t 104 | so_be stqred and/ ted b d CPU
Chown) (HREeTS TRAIRETONT o27: B eProRl: e e s L4beT i 6monI 1429 %y
the CPU detputbPre2@bbR mkaiunghasy befork ﬁemm@'oﬁ%dlgravbﬂ’Mé FRrhOg such

substrate support is depict ed in Fi gure 3. The nethod 300 is
descri be’fF FEEW afqess merrpecyt (RAML ﬁ@%@@gé@empmmhﬂbé@aﬁ distk, gard disk,

substrat gt r
305" by poaERRr HER ot bdrgl BodtofroniolR, The) oo LiRelt Nagiire

simlar ¢aupad tﬂ:tthLﬁ* @P&hdﬂrﬂuf@ctswﬁomgt the b’@gesszmznoﬁ mns&ﬁ@nabmﬁeﬂner

L2020 o e i e P I S
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nat er i al geriwglly @BrdeDMStheamgnidig 142] TRE sofweke mtmbummuﬁycmsdige stored
(Al 203) part| cles may be mxed to et her and degassed, for exa

de- ai ri rAld/@roexeGuiRE DY raSeeend 4484 (oet shawn)i that lwfe,ra@talsy@pamgp @fﬁetﬁe
be addechér@w% éfﬁ%"cbﬁtré\[& gy h'leP qmgture The catal yst may be, for
atinu

exanpl e, cat al yst™ or ot er suitable catalyst material to
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a | ower inekigureaBi o Thaymethodl 8OO ris idescrizask Belomo wdth| feskecigtoothe htages of
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h h f
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mxture(eg the 03 through D10 units At an

el ectr osacaﬁsweday@léoﬂo@scgss&draimet o hehedhesse Iawer 4hamayeaderasitod as
aver, a5 oeRiEacR: B Q'R FRP SRR 4R ARE TR BoREs PRI iRE R
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trapped gases or the like. A catalyst may then be added to the matrix and filler
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[ 00331 Optionally, post bond formation processing may include a bake
at tenperatures of between about 10 to about 30 degrees Cel sius above
the bonding tenperature for a suitable duration to facilitate
renoval of | ower nol ecul ar wei ght residues fromthe adhesive | ayer
404. [0034] Optionally, in some enbodi ments, a priner nay be utilized
to pronote adhesion of the adhesive |ayer 404 to, for exanple, a

surface gof .the ctrqstatic .chuck 406 and/gr.the base 402..The .

o ror Ao THE Copie bl e 16 efaral o BlanblR A LRt kL Sutabie
DC1200, caatal'gétahlaari_br?@Mt@@rdﬁsﬁ@lgﬁgrdf.thﬁfmdgﬂiﬂdhwﬂ@r_ JaIJ\/lT]?lbirGQtﬁ;( anihterial
prinmer may, be ied to, and. cured on, the bonding surface of the
base. 402 h GRENSY HavereBeroHtn PLoCHEER 96! Bri bt 00Nt banbege meer
bondi ng fhhgs agierherdsamten ifBdaded R9oddIidmR] bPER AHaoH $eREA M Rg the
[0035] Thus, nethods and apparatus for bonding an electrostatic Chuck

to a subRAnding Psness: t The Eiguey Mmaydthesr again bﬁh@egassse?h foreexaptiio &y derd
apparat gzgﬁri@{&%‘ﬂodrﬂa b@;ﬁ@?ﬁéﬁoggvﬁﬁgﬁgphs@%%ﬁ@ﬁd i, @ﬁb@%krﬁgd %ﬁget

sane th vant ageou e su e supp 0 opéra
I n a proveygbecounedydhe samegmetticet as Henlicubd prock26, ebagppe 4wt e shest of

[0036] Wi le.the foregoing is directed to enbadinenis of fhe present

| nvent | GRISS{an=4 e fal PrisFoefyBaPTem S st FRNFRERPRL RGP 6 base

devi sed 492 hpusone BaIdot Mderits Offe trhiRtLPE BF theSsiiidR -BdvetgRiymeric material may
be heated, or distilled, to remove at least some of the low molecular weight
components from the mixture (e.g., the D3 through Dig units).

[0031] At 306, an electrostatic chuck 406 is bonded to the base 402 via the
adhesive layer, as depicted in Figure 4C. The bonding process may be performed in
a pressure vessel, such as an autoclave oven or the like. In some embodiments,
pressure in the pressure vessel is between about 50 to 200 psi. Alternatively, the
bonding process may be performed by applying pressure between the electrostatic
chuck 406 and the base 402, such as by gravity, clamping, screwing, or the like, to
apply pressure while heating the base 402 and/or adhesive layer 404 to form a bond
between the base 402 and electrostatic chuck 406. In some embodiments, about
0.5 to about 14.5 psi of pressure is applied by clamping or the like during the
bonding process.

[0032] In some embodiments, the base 402 may be preheated prior to applying the
adhesive layer 404. The preheat temperature of the base 402 may be between
about 50 to 110 degrees Celsius. The preheat temperature, once reached, may be
maintained throughout the bonding process. Optionally, the electrostatic chuck 406
may be preheated prior to applying pressure as well. The method 300 generally
ends when the adhesive layer forms a bond between the electrostatic chuck 406 and
the base 402. In some embodiments, pressure and heat are applied for between
about 3 to about 8 hours to form the bond.

[0033] Optionally, post bond formation processing may include a bake at
temperatures of between about 10 to about 30 degrees Celsius above the bonding



CLAIMS 1. An adhesive for bonding conponents of a substrate support,
conpri si ng: a matrix of silicon-based polyneric material having
a filler dispersed therein, wherein the silicon based pol yneric

mat erial conprises a pol ydi net hyl sil oxane (PDMS) structure having a
nol ecul ar weight with a | ow nol ecul ar weight (LMAN content 1 D3 - D10
of | ess than about 500 ppm 2. The adhesive of claim1, wherein the

adhesi v I ess. 1l about rcen 3. The

adhesi vaePealy Eoidtca SPRUSE o Pbgr i e R “Biitkel ob M Jlapiseier Moty
non- r eacickidaewiiom thel auhesivedayeri4ddng chemistries. 4. The adhesive of
any of clainms 1-3, wherein the adhesive is operable at a tenperature

of bet wqeotwbocupud@ydagrs@ﬁ& Geldinemtsd aapamer 188y deguripedCr) @'rcuﬁote
5. The a sive of clains _1-4, wherein the adhesi ve has

t her mal (2 P hteya esiye |aygs #04dgu forosXampig«a Sugace s tBﬁr?é%thPét%‘F
any of ClficRB40k 5ndf6?%ﬁ§'ﬂ?asbhﬁoi' '1*h(’er ﬁﬁ]@PrrhaF%c*Rﬂe""%ﬁeﬁé‘rﬂHFe P rictal
about 70 percent by vol une he a heS|ve | dyer .
organosilane, such as DC12OO available from Dow Corning Corp. of Midland,
Michigan. The primer may be applied to, and cured on, the bonding surface of the
base 402 and/or the electrostatic chuck 406 prior to depositing and bonding the

adhesive layer 404 using the methods discussed above.

[0035] Thus, methods and apparatus for bonding an electrostatic chuck to a
substrate support are provided herein. The inventive methods and apparatus
provide a substrate support and means for fabricating the same that advantageously
allow for the substrate support to operate in a process environment of greater than
about 120 degrees Celsius.

[0036] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof.

10



7. The adhesive of any of clains 1-6, wherein the filler conprises
particles of alum numoxide (A 203), alumnumnitride (AIN), yttrium
oxi de (Y203), or conbinations thereof. 8. The adhesive of any of
claims 1-7, wherein the filler conprises particles having a dianeter
of about 10 nanoneters to about 10 mcrons. 9. A substrate support,

conprising: a base; an adhesi ve | ayer conprising an adhesive
as desc;ﬁggﬂgén any of the preceding clains; and an
el ectro chuck di sposed atop the base and the adhesive |ayer,

wherein the adhesive | ayer bonds the base and the electrostatic

chuck. 0. The substrate support of claim9, wherein the base

conpr i se@ oné&]‘b?’g%%‘fﬁ ﬁ’ﬁﬁ’?n‘g%gicﬂp@?ge@?égla,s@ép g UPPgHt. comprising:

al um num cer yhiaPOBPSHEdEbasekl polyRidrie YRSteFiAl BavittP BT br BlspBRédStherein,

clains 9-10, further conprisi n?:
wherein the silicon based polymeric material comprises a polydimethylsiloxane
(PDMS) structure having a molecular weight with a low molecular weight (LMW)

content 2 D3 — D10 of less than about 500 ppm.

2. The adhesive of claim 1, wherein the adhesive has a metal content of less
than about 1 percent.

3. The adhesive of any of claims 1-2, wherein the adhesive is substantially non-
reactive with halogen containing chemistries.

4. The adhesive of any of claims 1-3, wherein the adhesive is operable at a
temperature of between about 120 degrees Celsius and about 180 degrees Celsius.

5. The adhesive of any of claims 1-4, wherein the adhesive has a thermal
conductivity of at least about 0.5 W/mK.

6. The adhesive of any of claims 1-5, wherein the filler comprises between about
50 to about 70 percent by volume of the adhesive layer.

7. The adhesive of any of claims 1-6, wherein the filler comprises particles of
aluminum oxide (Al2Os3), aluminum nitride (AIN), yttrium oxide (Y203), or
combinations thereof.

8. The adhesive of any of claims 1-7, wherein the filler comprises particles
having a diameter of about 10 nanometers to about 10 microns.

9. A substrate support, comprising:

a base;
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a baffle assenbly di sposed proxi nate the base, wherein the baffle
assenbly is configured to hold one of a process kit or a process
shield. 12. The substrate support of any of clains 9-11, wherein the
adhesive |l ayer is about 0.004 to about 0.015 inches thick. 13. A

met hod of bonding a substrate support to an el ectrostatic chuck,
conpri si ng: depositing an adhesive | ayer conprising an adhesive

as descri bed | ' -8. at ubstrat e, support. base:; .and
bondi ng an eléggtar%gé?g%i @@%%r%'r&ngas%@?g&? eassdir?%rj “%dle W toﬁaTthﬁe
adhesi vepreayding claldis; difte net hod of cl aim 13, wherein bonding the

el ectroggata?vc %I‘(l:l[lckst the sybstrate, s Ego{t gase compri ses: .

appl ying a praébsetﬁcém@?at'&bﬁmc F’?ppé‘?%b% i‘@ agRkia ttk}\%e?a \egive layer,
el ect r osiRéreth BRURININE 1420 HBAGS i bAsR ARk ediostARThuere of the

base or adhesive layer to a predeterm ned tenperature; or
pl acing the el ectrostatic chuck, adhesive |ayer, and substrate

support pase ?ﬁ%u%ﬁé@%&pd&?ﬁ'_ cl8im %,PURERH S8BT bBOL WormPisk8 8RO U

200 psi il e esi ve cur
aluminum, stainless steel, ceramic, or aluminum-ceramic composite.

11.  The substrate support of any of claims 9-10, further comprising:
a baffle assembly disposed proximate the base, wherein the baffle assembly
is configured to hold one of a process kit or a process shield.

12.  The substrate support of any of claims 9-11, wherein the adhesive layer is
about 0.004 to about 0.015 inches thick.

13. A method of bonding a substrate support to an electrostatic chuck,
comprising:

depositing an adhesive layer comprising an adhesive as described in any of
claims 1-8 atop a substrate support base; and

bonding an electrostatic chuck to the substrate support base with the
adhesive layer.

14.  The method of claim 13, wherein bonding the electrostatic chuck to the
substrate support base comprises:

applying a pressure of about 0.5 to about 14.5 psi between the electrostatic
chuck and the base while heating at least one of the base or adhesive layer to a
predetermined temperature; or

placing the electrostatic chuck, adhesive layer, and substrate support base in
a pressure vessel at a pressure of about 50 to about 200 psi while the adhesive

cures.
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15. The nethod of any of clainms 13-14, further conprising at |east one

of : heating at |east one of the base or the electrostatic chuck
to a tenperature of about 50 to about 110 degrees Celsius prior to
depositing the adhesive |ayer; or heating the electrostatic

chuck, adhesive |ayer and base, after bonding, to a tenperature of
bet ween about 10 to 30 degr ees Cel sius above a bonding tenperature to

:Ejhlegﬁ\s/te Z;te haeI rlngtho%i anyo V\%lmgqgeﬁu fitther co rﬁ)tns{n(gagsalt euaes 01;1{3%?1 the
heating at least one of the base or the electrostatic chuck to a temperature of
about 50 to about 110 degrees Celsius prior to depositing the adhesive layer; or
heating the electrostatic chuck, adhesive layer and base, after bonding, to a
temperature of between about 10 to 30 degrees Celsius above a bonding
temperature fo at least partially remove lower molecular weight residues from the

adhesive layer.
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