1111121112111111121121211111111211111111111 * 59159* --Plasma-Processing _
Chanbers Conponent Havi ng Adaptive Thermal Conduct or Backlﬁround [ 0001] Wth

seach successive sem conductor technol ogy generation, \ij mwnmmm,m)s t end
‘to increase and transistor sizes decrease, resulting i r an
_ever higher 5 degree of accuracy and repeatability in waferispsmcessi ng.
"Semi conduct or substrate materials, such as silicon wafers, are processed by

techni ques V‘/hrblﬁi?né BFHcHQs?né&I%rhﬁ@r &%ﬁ@&“t‘ﬁbﬁhémggﬁve 'me‘?ﬁm%l ESGURSIUEs

i ncl ude non plasnma applications such as el ectron beam evaporation, as well -
as plasna Ilcatlons such as sputter deposition, plasna-enhanced

chem cal 5"°d|'@ osition (PECVD), resist strip, and plasma etch. 10 [0002]
Pl asna proceSS| ng systens avail abl e today are anong t hose sem conduct or

f abri cat i of#0DdbWsthvddcbsuatessiseibgpzbndactan téahoplogy igagertien Waler idigomeleesd
accuracy, repeatability and efficiency. Success netrics for a plasm

processi ngte%)&%%rézﬂ;‘é|a‘rHGEtratn@fs€&‘QHB§JHecﬂr@S'se3 PRSHIRLR theERRRS RY Uh @val RBhdr LY.
Substrate t enperat ure affects critical di rren5| ons of devices fabricated on

a subst and thus rrust e\%}a% 1f| can dr| ft 15 F utbst rate
t enper egrge Gofey, @ ith %“éft rloﬁesof 5t o eé‘%'g?'?t({j"c %ct‘%é 40003]
For exarrpl e, poly-silicon gate etching is dr| ving towards snall er and

smal | er crmatesials, siaheassiligan wafdrerane PioqeEBU) byt techyBaurshi ceinclude g use of
substrate of about 300 mmin diameter. Such a variation could be due to

radi al var {fgulfchambskd Sthedd fachRigREY iIAEMEE ndR pRATa dpPRcRBES sudh BAM@tron
chem stry or density, an overhangl ng edge ri ng or ot her constraints. The

cou reqw rﬁgerﬁtgg%n%rr?etrc?nx%?%eﬁ%s p?asm% mla’lcera’toon% suc s%S&tterV\éep%siEi%ﬁ, &8&%&-““ ng

reducti on

enhanced chemical vapor deposition (PECVD), resist strip, and plasma etch.

10 [0002] Plasma processing systems available today are amortg those semiconductor
fabrication tools which are subject to an increasing need for improved accuracy,
repeatability and efficiency. Success metrics for a plasma processing system include
throughput and substrate temperature stability. Substrate temperature affects critical
dimensions of devices fabricated on a substrate and thus must not significantly drift

15 when stable substrate temperature is required, e.g. within a step in a processing
recipe.

[0003] Fer example, poly-silicon gate etching is driving towards smaller and smaller
critical dimenston uniformity (CDU) to be achieved across a substrate of about 300 mm
in diameter. Such a variation could be due to radial variation in substrate temperature

20 near the edge, plasma chemistry or density, an overhangi'ng edge ring, or other
constraints. The CDU requirements are expected to become more stringent with the

continuing reduction in node size.
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[0004] Fabrication of an integrated circuit chip typically begins with a thin, polished
slice of high-purity, single crystal semiconductor material substrate (such as silicon or
germanium). Each substrate is subjected to a sequence of physical and chemical
processing steps that form the various circuit structures on the substrate. During the
fabrication process, various types of thin films may be deposited on the substrate using
various techniques such as thermal oxidation to produce silicon dioxide films, chemical
vapor deposition to produce silicon, silicon dioxide, and silicon nitride films, and
sputtering or other techniques to produce other metal films.

[0005] After depositing a film on the semiconductor substrate, the unique electrical
properties of semiconductors are produced by substituting selected impurities into the
semiconductor crystal lattice using a process called doping. The doped silicon
substrate may then be uniformly coated with a thin layer of photosensitive, or
radiation sensitive material, called a "resist". Small geometric patterns defining .the

electron paths in the circuit may then be transferred onto the resist using a process

“known as lithography. During the lithographic process, the integrated circuit pattern

may bé drawn on a glass plate called a "mask" and then optically reduced, pr'ojected,
and transferred onto the photosehsitive coéting.

[0006] The lithographed resist pattern is then transferred onto the underlying
crystalline surface of the substrate thréugh a process known as etching. A plasma
process chamber is generally used for etching substrates by supplying a process gas to
the plasmé process chamber and application of a radio frequency (RF) field to the

process gas to energize the process gas into a plasma state.
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[ 0004] Fabrication of an integrated circuit chip typically begins with a
thin, polished slice of high-purity, single crystal sem conductor materi al
-substrate (such as silicon or germanium. Each substrate is subjected to a
‘'sequence of physical and chem cal processing steps that formthe various
circuit structures on the substrate. During the 5 fabrication process,
‘'various types of thin films nmay be deposited on the substrate using various
techni quesgimfanes thermal oxidation to produce silicon dioxide filns,

chem cal vapor deposition to produce silicon silicon dioxide and silicon

nitride fi and s tering.or other tec ues to produc r netal
filns. [00@P7hﬁ?éﬁse O TR &2 FPTRPBEN é‘ 2T BIRfES OF bﬁ gfmal t he

uni que electrical 10 properties of sem conductors are produced by
_substi t uti smurexbretd pdymepcomposie sandwichbe bewveec dhel oarnponant ped dhe thatmalce
using a process called doping. The doped silicon substrate may then be

uni formy g&ﬁ&@cahwcérhp@nén*alhav.hgx%m%rd@mt&%%ﬁw EWrfaceOWhEREH el p¥lymer
~sensitive material, cal reS| st" geonetric patterns defining

e
th | ect th th b t f d tot t
usi ng & prGUBEe AL PR " B VAL GHEP T MERO GRS 1D/ Bbose.

the integrated ci rcuit pattern may be drawn on a glass plate called a
"mask" andthenmal epdisctiityyand aciheseiwitprioy soerew! centictivibsf erred onto t he
phot osensitive coating. [0006] The |ithographed resist pattern is then

transferreghoos} i h heetHoE oF cynthglifd Y&hpbrature oF W éodefortint oNe Maddsd padcess
t hrough a process known as etching. A plasma 20 process chanber 1s

Bl asma. pr obFECE BT REoLgr et SRR 2 Prardr B Pl ERET RS mbRatea” o
the process gas to energlze the process gas into a plasna state. Page 2
exhibiting a temperature-induced phase transition between a phase with high thermal

10  conductivity and a phase with low thermal codductiyity, wher_ein the component has a
temperature controlled surface and the polymer composite is sandwiched between
the component and a thermal source, the method comprises: inducing the phase
transition of the pofymer composite to thermally isolate the component from the
thermal source or to thermally couple the_component to the thermal source.

15 [0009] ina metljod of etching a subs';rate in a plasma process chamber comprising the
assembly above, the method comprises: etching the substrate at a first temperature
and a first plasma power; inducing the temperature-induced phase transition of the
polymer composite; etching the substrate at a second temperature and a second
plasma power; wherein the first temperature is higher than the second temperature

20  and the first plasma power is lower than the second plasma power, or wherein the first

temperature is lower than the second temperature and the first plasma power is

higher than the second plasma power.
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Summary -100071 An assenbly conprising a conponent of a plasma process
chanber, a thermal source and a pol yner conposite sandw ched between the
-conponent and the thermal source, the conponent having a tenperature
‘control |l ed surface, wherein the polyner 5 conposite exhibits a

t enperature-induced phase transition between a phase wi th high thernal
‘conductivity and a phase with |ow thermal conductivity. [0008] In a method
of control g dseriMfdPOtFigu@s @ component of a plasm process chanber in
whi ch semi conductor substrates are processed, using a polyner conposite

exhibitin erature-i nduce hase transi,t bet h th high
Chor ot 100D RETRTA Mot S B R e AepeRre Bl eyt Nibor of o

t he conponent has a tenperature controlled surface and the pol yrrer
conposi t e ofsa payrdeficpesitivecewperatt feecoebimentdPRT@udmaositeer mal  source, the
met hod conprises: inducing the phase transition of the polynmer conposite to

thermal Iy jopeiptig. im%me%pmw&ﬁmam@agﬁén@% BEtHArmbPcdrMRENR Y
coupl e the conponent to the thermal source. 15 [0009] In a method of

etchin bstrate in asna oces ri.sing the assenbly
above, he n%?ﬂ?ﬁ'aeﬁ%ﬂ?ﬁ'al ¥g§em8‘fr8 rﬁﬁo? 'é'egﬁggﬁ% ?S'tﬁ first tenperature
and a first plasnma power; inducing the tenperature-induced phase transition
of the pol [09d2] Bgnybghws agchematic ohthesstisuatiest of an exersplaonbNteapapatiere and
a second plasnma power; wherein the first tenperature is higher than the

second t enp@batitilcRardBtenidtic tdMepdritusé TR! asma power is |ower than the second
pl asma power, or wherein the first tenperature is |ower than the second

bover - paletaf ek F shEEL s RETENE B Fiq Ty LSl of BRbIGR, PRACCSmBOAR™

above its characteristic temperature To.

10 [0614] Fig. 2C shows a schematic of the structure of an exemplary PPTC composite
below its characteristic temperature To.
[0015] Fig. 2D shows a schematic of the structure of an exemplary PPTC composite
above its c'haracteristic temperature Ty,.
[0016] Fig. 3A is a schematic of a use of'a PNTC composite.

15 [0017] Fig. 3B is a schematic of a use of a PPTC composite.
[0018] Fig. 3C is a schematic of another use of a PNTC composite.
[0019] Fig. 4 shows a schematic cross .section of an edge ring assembly of a plasma
process chamber whert;_in semiconductor substrates are processed wherein a PPTC
composité is used;

20 [0020] Fig  5 shows a schematic cross section of an upper electrode assembly of a .
plasma chamber wherein semiconductor substrates are processed wherein a PPTC

composite is used.
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[0010] Fig. 1A s

hows an exenpl ary tenperature dependence of thernal

cohducttivity of a polyneric positive tenperature coefficient (PPTC

-conposi te.

[0011] Fig. 1B shows an exenpl ary tenperature dependence of

‘thermal conductivity 5of a polynmeric negative tenperature coefficient

,(PNTC) conposite.

[0012] Fig. 2A shows a schematic of the structure of an

‘exenpl ary PI\FI'C conposite belowits characteristic tenperature To. [0013]
Fig. 2B shg B11%i %S%ﬂwg § sOherhdiR ébgy_gré&roﬁ[&fa@urbs@seému o BNERRPBPESI te

above its c
of the struycture

f npl b
t enper at urRasfep p'[oge-‘fg‘j aﬁﬁ’(ff " 69\%"99”9%@&&‘(’??32?5 TR

eristic tenperature
PPTC co

Fig. 2C shows a schenatic

osite ow its Ch%{wﬁsetlstlc

't 2an

exenpl ary PPTC conposite above |ts characteristic tenperature To [0016]
Fig. 3A i PNiIGmhmmatte & wkda use of a PNTC conposite. 15[0017] Fig. 3Bis a
schematic of a use of a PPTC conposite. [0018] Fig. 3Cis a schematic of
anot her usgetgflecgngmgt,ggrrposme [0019] Fig. 4 shows a schematic cross
section of an edge ring assenbly of a plasma process chanber wherein

d d wh
20] 0020 AR SRS BroshirerRITE cPace bali Drub LA I HE veh a ot ™"

assenbly of a

10

15

20

electrode assembly and a substrate support assembly. A semiconductor substrate to
be processed is covered by a suitablé mask and placed directly on the substrate
support assembly. A process gas such as‘CF4, CHF;, CCIF5, HBr, CIZ,' SFg or mixtures
thereof is introduced into the chamber with gases such as Oy, N,, He, Ar or mixtures
thereof. The chamber is maintained at a pressure typically in the millitorr range. The
upper electrode assembly is provided with gas injection hole(s), which permit the gas
to be uniformly dispersed through the upper electrode assembly into the chamber.
One or more radio-frequency (RF) power supplies transmit RF power into the vacuum
chamber and-dissociate neutral process gas molecules into a plésma. Highly reactive
radicals in the plasma are forced towards the substrate surface by an electrical field
betweén the upper electrode and the substrate support assembly. _The surface of the
substrate is etched by chemical reaction with the radicals.

[0023] The substrate slupport assembly can comprise a substrate support plate, an
electric heater in direct thermal contact (e.g. embedded or attached) with the .
substrate support plate. A fluid-cooled plate can be attached to the bottom of the
substrate Support plate. Fluid circulating in channels in the fluid-cooled plate transfers

heat away from the substrate support assembly. An exemplary substrate support
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pl asma chanber wherein sem conductor substrates are processed wherein a
PPTC .conposite is used. Page 4 [0021] Fig. 6 shows a schematic cross
-section of a substrate support assenbly of a plasna process chanber wherein
'sem conduct or substrates are processed wherein a PNTC conposite is used.
Det ai | ed Description 5 0022] A plasnma process chanber can conprise a vacuum
‘chanber with an upper el ectrode assenbly and a substrate support assenbly.

A sem COndé&QérﬂBIysréJ@ésTcFr@é@rntc%nPﬁorw 9§‘s¢‘g‘h%@(h &, 5Pa€é?1\t¢\fo‘§d6 By7 e1644d @btﬁf@Sk and
pl aced directl y on the substrate support assenbl'y. A’process gas such as

CF4, CHF3, CI% Bé 5§ g fmxtures thereof is introduced into the
chanber wi ViHCyaechers Y:WC%’?O Rl‘érePE? X or mixtures 10 thereof. The

chanber is maintained at a pressure typically in the mllitorr range. The
upper el eclopdfeTras sepdsl sledterder ass¢rdely ant inclyds annympet ietastriodk eterhedid eh
permt the gas to be uniformly dispersed through the upper el ectrode

assenbl y igHcRingRatehasekemSBE paiIEctFRMd RsdrhBYIUBADE foBhY iPR¥RImsRP! | es
transmt RF power into the vacuum chanber and di ssoci ate neutral process

Por coa t ovetraeed s e ey it GRSt 2 ARRIPTL BB o ©

upper el ectrode and the substrate support assenbly. The surface of the
subst rat e 20994035889 Pnd PR ASN8YH grb. Riatemt thee 74 645,34, cach obxdtichTise
substrate support assenbly can conprise a substrate support plate, an

el ectric hpaérpbrdtd Befeh€ by téTerdmaé. TROLAERING Blatk isanfackre oFluritdoardiedp W th
the 20 substrate support plate. A fl uid- cool ed plate can be attached to the

bot tom of [he, SHBSHL3 Sle??&é’eo atf r"r‘éa‘?ed FY énﬁcg@‘otg%eb%r%ﬂ%ﬁ%‘e%ént' n the

fl uid-cool'®e pI ateptpra ers e SUPLLr at'e support assenbly

An exenpl ary substrate support
embedded in the upper electrode assembly.

10  [0025] Thermal management is a challenge in a plasma process chamber wherein
high-powered plasma is used to process semiconductor substrates. For example, in a
process for manufacturing memory chips, the plasma power required in dielectric etch
chambers can ext:eed 6 kilowatts. Thermal management is further complicated by the
necessity of drahatically changing the plasma power and the substrate temperaturé

15 while maintaining temperatures of chamber .components relatively stable (e.g.
electrodes, backing plate, edge ring, chamber wall, etc.) between different processing
steps.

[0026] For example, an exemplary plasma etch process, in which high aspect ratio
features are etched, includes a main etch step during which the ssmiconductor

Zt) substrate is'etched, and a mask opening step during which part of the mask is etched.
The main etch step requires a high plasma power, which can cause high heat flux (e.g.

about 4000 W) into the substrate, and a low substrate temperature (about 20-40 °C) to
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Page 5 assenbly is described in comonly assigned U. S. Patent Nos. _
6,847,014 and 6,921, 724, which are hereby incorporated by reference. [0024]
-The upper el ectrode assenbly can include an upper electrode attached to a
backing plate. An exenplary upper el ectrode assenbly can be found in
comonly- 5 assigned U.S. Patent Publication Nos. 2008/0308228,. '
2008/ 0090417, 2008/ 0308229, 2009/ 0305509 and 2009/0081878, and U.S. Patent

No. 7,645, $bluccdésiteffeMiteChirofifes] WRAOS QY @bﬂdo;k@ﬁre%' fepyrdgafres 8NEE plating
backing plate is attached to a fluid-cooled top plate. The upper el ectrode

can be heated by.the plas and/ o heat er r nt_enmbedded, i p. the
upper el ec??%%fex’gkcgéﬁﬁIc@lfsgie)\f'&sﬁ%ﬁ]u%(ﬁ’ ?Utr@rga\gg%g% %sz‘%étr%ﬁa?rfdeﬁg'éki n a
pl asma process chamber wherein high-powered plasnha is used to process
seni conduciubstraigiempgraiyre Ebpute kil ). iTe athsvedke dedired wafautemmaiptuR)
menory chi ps, the plasma power required in dielectric etch chanbers can

exceed 6 klqurs)waétt Stendifie haRkrITBRA@E FRBIpefatlite EdraFolrandid Gafte chrbYuskhao
necessity of dramatically changing the plasma power and the substrate

tenperature 15 .whi | i i ni : 0 C

ol a1 el y et BlepGud® Gt bR A Shoring RERRE FAERORRE R o
etc.) between different processing steps. [0026] For exanple, an exenplary
pl asma et cHnprtdewsrowero\ghpwnths wifepip detcopledi by theolt Bt ine? BisbrrRayver
includes a main etch step during which the sem conductor 20 substrate is
‘et ched, agidpa THeskmpRRNURJoSErepdgRIFihgGndfircdh proddr eddctidde isaekirdbdy képthed.
The main etch step requires a high plasma power, which can cause hi gh heat

{ 'e%eg e 953 I%B%uﬁi%%ﬁ?%t%‘bf%&e@dé&b%t JsHifig hBBEhE A R8 HYHHERRE plasma
power settings during different steps.

10 ' [0027] Thé main etch step requires high cooling power from the fluid-cooled plate to
cool the substrate to the required low temperatufe while it is preferred in the mask
opening step that the cooling power from the fluid-cooled pla;ce is low in order to
obtain the required high substrate temberature. However, in a conventional plasma
process chamber, the volume of the fluid circulating in the fluid-cooled plate is large

15  and thus changing the fluid temperature or the cooling power is very slow compared
to the time scale of the etch steps. As a result, in the mask opening step, an electric
heater arrangement is conventionally used to output enough heating power to
compensate for the high éooling power of the fluid-cooled plate in -order to heat the
subsfrate to the required high temperature. _Therefore, the heater must have very

20  high power (e.g. 5000 W or more), which can cause temperature non-uniformity and

such high power heaters add variability to chuck manufacturing. Another conventional

approach is to use two temperature control units to selectively pump hot or cold fluid
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Page 6 produce desired feature profiles, while the mask opening steps
requires a | ow plasma power, which can cause |ow heat flux (e.g. about 400
-W into the substrate, and a high substrate tenperature (about 70-110 C).
To achieve the desired wafer tenperature, high watt density heaters above a
‘tenperature controlled cold plate are used to 5 maintain high wafer
tenperature in a | ow power step and the heaters are turned off or run at

| ow powver 550n@édl99wohghwasfus§trst@ shsp&r@olmewr t0en searéam SR dohdediya power
step. The tenperature of an edge ring -and/or ‘an upper electrode is

desirably kept stable during the entire process despite varying heating
caused by ef*g?t@ﬁ?sﬂ%%e%ﬂer’ settings during different steps. 10[ 0027]
The main etch step requires high cooling power fromthe fluid-cooled plate
to cool thi¥028hBescebed herdimds pequianady |vavich érmbeteataupelymier-basddt cargpqritef er r ed
in the mask opening step that the cooling power fromthe fluid-cooled plate

is lowin fhra@%rxh"bﬁs Q—}b‘c&hﬁer{aﬂﬁeﬁrﬂﬂ}éba %a@é &har%ﬁhﬁlt bédReheimpaal Wltfh higavwever,

in a conventional plasnma process chanber, the volunme of the fluid

1
ol roul af i ng Rt B2l 501 BRaLHE 7 shEl ot Bt 2818 THEE e

scale of the etch steps. As a result, in the mask openi ng stegid an el ectrlc
heat er ar rened@ntontplegna showmhet @ﬁ@lppyemigei@awrtg uteprerdtughnteliadi pefasewer to
conpensate for the high cooling power of the fluid-cooled plate in order to

- heat the sphlsdrapity @xp&seldnia dremérid? bftd ghshﬁrﬁ}%@%lth@mb&'h%ﬁaf Qf 8, subb@ateeat er
must have very 20 high power (e.g. 5000 Wor- nore), which can cause

S T S S

tenperature control units to selectively punp hot or cold fluid Page 7 as
needed t hr eugheachamar camposams b the Mpses erocesu@RMbepr YEER la@fmaor@mﬁgimexi ty
to the substrate support design.

10 a substrate support having a resistance heater, it is possible to increase the process
windovs{ without increasing the heater powér density which is desirable in terms of
reducing power consumption and reducing manufacturing variability.

[0029] A group of polymer-based composites exhibit a dfamatic increase or decrease
in their thermal conductivities across narrow temperature ranges (i.e. a phase

15 transition). Fig. 1A shows thermal conductivity (A) as é function of temperature (T) of
an exemplary polymer-based composite. Below a characteristic temperature Tg, A is
relative small. As T is increased across a narrow temperature range around To, A
exhibits a sharp increase, by several folds or even by orders of magnitude. As T is
increased beyond the narrow temperatu.re range aroun‘d To, A stabilizes at a relatlively

20 large value. Such composites are referred to as polymeric positive temperature

coefficient composites, or PPTC composites.
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[0028] Described herein is an assenbly which includes a pol yner-based
conposite that exhibits a tenperature-induced phase transition between a
-phase with high 5 thermal conductivity and a phase with | ow thernal
conductivity, as thermal transfer nedia for plasma chanber conponents
_having a tenmperature control |l ed surface preferably exposed in an interior
of a plasma process chanber, such as a substrate support assenbly, an upper

el ectrode [9636)/Hi. V1B eHbvzdgehérning corduceilge (R) fga dssetiohl of @mpetrdtare hafber
conponents in the plasma process chanber. Wen incorporated in 10 a

substrate r In resist t (R Sl j ease
the. pr ocest i dos AR of ief B S ARE Rotap chRBRT SOl e T TS
desirable in ternms of reduci ng power consunption and reduci ng manufacturing
vari abi | i this rEQbP®]arge.gfelips Bressed AROShaSBH oMoepIRErItEe B08e Breund tr Anati ¢

i ncrease or decrease in their thermal conductivities across narrow

t enper at urehivagesharp .decreasq) byseevdral foldnst evenpy okddrs ol Mmaphause.t Aermial
conductivity (X) as a function of tenperature (T) of an exenplary

POl ymers: DAREA, CATRGTHY She REL W BrEBALAE! ShbSbidinl SIPELAbIIE of% rebel
relative smal i As I'S 1 ncreased across a narrow f’errperature range Xr ound
To, X exhibits a sharp increase, by ?evec[]al fol ds or. even_b(%/ orders of
magni t ude. 'OWs Va5 PUY{Ar ERBRLFIISE AR It ECH AP rRSWPREMBEF eGP VG AFPBETAFSEnd To,
X stabilizes at a relatively 20l arge val ue. Such conposites are referred to
as pol ymer ¢oeffiptsit compotierspar RNTOreengesités.ci ent conposites, or PPTC :
conposites. Page 8 [0030] Fig. 1B shows a thermal conductivity (A) as a

function ofpobfmeicaidd PNTd LoRbosites may be prepared by any suitable methods. One

embodiment is mixing a filler material (e.g. metal, carbon, etc.) with high A, in a form
10  of fibers or powders, into a polymer matrix with low A.
[0032] Specifically, to implement a PNTC composite, a polymer matrix 210 that has
low A and expands with increasing T can be used. See Figs. 2A and 2B. A suitable
amount of the filler material 220 with high A-is thoroughly mixed into the polymer
matrix 210, such that the loading level of the filler material 220 is above the
15  percolation threshold at temperatures below To and the high A of the filler material
220 dominates the overall A of tHe composite; and that as T increases and approaches
To, expansion .of the polymer matrix 210 effectively decreases the loading level; and
that as T increases beyond To, the loading level drops below the percolation threshold
and the low A of the polymer matrix 210 dominates the overall A of the composite.
20  The polymer matrix 210 can be any suitable polymer, for exémple, highly chain-aligned

polyacetylenes obtained by solid-state polymerization of cyclic or acyclic acetylene
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anot her exenpl ary pol yner -based conposite. Below a characteristic
tehperature To, is relative large. As T is increased across a narrow
.tenperature range around To, exhibits a sharp decrease, by several folds or
even by orders of magnitude. As T is 5 increased beyond the narrow
tenperature range around To, A stabilizes at a relatively |ow value. Such
conposites are referred to as polyneric negative tenperature coefficient

COMposi tesmo%m%‘l-\{r@oﬁ‘»rarm?gs'ttvesor moteOQSA,LgBBE%@émﬂerPé\%GomnB@.sInt&&nﬁ@ry be

pr epar ed by any surtable met hods. One enbodinment 1s mxing a filler

overo. et refORR T Pk Nt e e Bl By lelgher >

inpl enent a PNTC conposite, a polymer matrix 210 that has [ow A and expands
Wi t h i ncr el983LTd iplemest aRATC @eepqsrtgsa pRAMEdN@BX 280¢hat basl @ lawmdiamd of
the filler material 220 with high Ais thoroughly mxed into the polyner

mat ri x 210exp%HGBMthaﬁcrE5B@n% PasH FOudRl Heedigst Deahd bbemn simbBeiatloud?0f the above
the 15 percolation threshold at terrperatures beI ow To and the high A of the

filler terial 220 d nat heover th t as T
| ncr eace. T8 preLEREL ST 248 BB Sl el e eattRRR hru . W
effectively decreases the | oading | evel; and that as T i ncreases beyond To,
the | oadi nfhat dheloadingpsvel eff e filer maresil 240 dnakauedibin dreacolationt theeshald 3 of
the polyner matrix 210 dom nates the overall A of the conposite. 20The

pol ynmer nmatdnperdilPeLaidbvba, any tiethigiaR be tofilleretatedifinsedanmites thie@vkyall A
chai n-al i ghed pol yacetyl enes obtai ned by solid-state pol ynerization of

cyclic or BRIl LnRRslol Shew RanCrUechoorers SARLAKLAY. LBGLATHY fhe

conj ugat ed ace oups per “nonormer
Pat ent No. 3,994, 867, hereby |ncorporated reference 0033 To i npl enent
a PPTC conﬁ@§Wé magrix @3B0 rEfeCtivaly risecrzetﬁsmhatlowaeg eveb A thalae X FRRERESSS t h
increasing T can be used. See Figs. 2C and 2D. A suitable anmount of the

10 beyond Ty, the loading leve! drops below the percolation threshold and the low A of

the polymer matrix 230 dominates the overall A of the composite. The polymer matrix
230 can be any suitable polymer, for example, Dow Corning Sylgard® 184 silicone
elastomer.
[0034] PPTC or PNTC composites can be used as heat transfer media (e.g. thermal
15 gaskets) between a plasma chamber component whose tempereture is to be
controlled, and a thermal source such as a heat source and/or a heat sink. For
ex'ample,l as shown in Fig. 3A, a PNTC composite layer 310 is sandwiched between a
component 300 and a heat source 350. The PNTC composite layer 310 functions as a
temperature limiter in that the component 300 is substantially thermally isolated from

20 the heat source 350 when the temperature of the PNTC composite layer 310 is above

To. The temperature of the PNTC composite layer 310 can be controlled by the heat
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5 filler mterial with high A 240 is thoroughly m xed into the polyner
matri x *230, such that the | oading |level of the filler material 240 is above:
-t he percolation threshold at tenperatures above To and the high A of the
filler material 240 domi nates the overall A of the conposite; and that as T
.decreases and approaches To, expansion of the polymer matrix 230
effectively decreases the |loading level; and that as T decreases 10 beyond

To, the | ogdiazdEyfl/ofhoRTIREhANighNB eRBRhaht S0, t THeEplRt Eorpskitengydrow A

of the polyner matrix 230 domi nates the overall A of the conposite. The

pol ymer rix.230 can he any suitable pol r. for | e, Dow Corning
Bo1 ard( 1y Lokl 7 P en et siuised P et ForgpSHsct 400 Boft Y PHieien be
used as heat transfer nmedia (e.g. thermal 15 gaskets) between a pl asma
chanber col®pdskhitewibnses samveimthig: 638, sa PBTEecommasite| lhyed, 32nis sandweéghed|
source such as a heat source and/or a heat sink. For exanple, as shown in

Fig. 3A a,RWEeh GREREFIpbRARIST aRd QG h&atSandvbe het cbetreeempbsaenpanero 300
and a heat source 350. The PNTC conposite |layer 310 functions as a

tenmperaturg limter in that the conpo 300 is t i_al. h Iy
| cor at a1 LoRTsRe R i S Ga0OHaR: rgPebsh PR AR e bR
conposite layer 310 is above To. The tenperature of the PNTC conposite

| ayer 310 icelatasefremrihe blepletinkp6e meendhe tpageratare afdhe cempositaiirod2hisat
flux through the conponent 300. The PNTC conposite layer 310 in this

confi gur at b&@lewCan The tambpstatude PIf BieRPTA bEmpestr 0NN 32826 be eonvyledivatheng.

[ 0035] Likew se, as shown in Fig. 3B, a PPTC conposite |layer 320 is

sandw ched t ' : -

composi t o TEel %330 e HER Bkt goeh (atomadhiBhe it [OfpEHiayer
conponent 300 is substantially thermally isolated fromthe heat sink 360
when t he t3#piarthis Gpafigyratigfecandifpessr t@ Pratoeithe sempangsi 38R, frem qypscqdlinger at ur e
of the PPTC conposite |layer 320 can be controlled by the heat sink 360

and/ ori1dheafooBbLxhd theamghsdubee conpoa esdist30d. hébher F*RTeGtasmpoirtonel aymore320 i n
this configuration can be used to protect the conponent 300 from :

over cool i ngg/r%@eqatfu?gé&lt&pﬂs;hg%gfldraﬂyﬁ@g}g@glmogvt g&?héka%ﬁ éasrl%% 20

heaters an one or no ature uni TCU) circul ating

liquid in flow channels. For exanple, a dual chiller apprpach, where_ fwo
TCU s ci r cHYEChHgr prRMOE Wheredwo it E‘&‘Jgat(“é.rb’.t ,(e'g'z&?’ogr?‘fqiﬂqﬂ(ec%m’zﬁe&)used
to raise or lower the tenperature of the PPTC or PNTC pol yner. [0037] Sone
appl i cat i ohguid earube eseidite réieepeloateu tiee eimdenatucoofiba ®RTC 80PN EWpolgmed 15

bet ween a higher tenperature TH and a | ower tenperature TL. This can be

achi eved bgoo?g?§&%@%8b%tilaﬁ§treéﬁﬂw e %Qpé?gtutrgl%f hRalcofpBKero80@Bitched

positionin e conponent 300 In direct thermal contact wth the heat
source 350, The hei@t source 350 _can ngd .t he, heat

) be an eIectrica_LEl,ater a
sink 38D chRtWSEN NEhsT CREPERETE ThANdATRHET EMPEFtith - ABRERBPF EENIPYRELRY | s
circulated. If a PNTC conposite |layer is not used between the heat _
stacking the heat source 350 on the heat sink 360 and positioning the component 300
in direct thermal contact with the heat source 350. The heat source 350 can be an
electrical heater and the heat sink 360 can be a cooling plate in which temperature
controlled liquid is circulated. If a PNTC composite layer is not used between the heat
20  source 350 and the heat sink 360, the heat source 350 must output enough heating

power .to compensate for heat loss to the heat sink 360 and heat loss to the

environment in order to maintain the component 300 at Ty. If a PNTC composite layer
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20 source 350 and the heat sink 360, the heat source 350 nust output enough
heati ng power to conpensate for heat |loss to the heat sink 360 and heat
.loss to the environnent in order to maintain the conponent 300 at TH. If a
PNTC conposite |ayer Page 11 310 is sandw ched between the heat source 350
.and the heat sink 360 as shown in Fig. 3C, wherein the A of the PNTC
conposite layer 310 is low at TH, and high at TL, the heat sink 360 is

subst ant i &gy LA dodb B 1R ok OB, LD 856 QAP AN AR 380ds L g SOUT Ce

350 when the.tenperature o e conmponent 300 is at TH, erefore the heat

5 source 350 primarily, outputs heating power sufficient to conmpensate for
heat | oss %%“thﬁée'@wmeh%érFFNTC[f@mlter%deb%%@ %FtTrhé”éimﬁgaEEn%%h%aé | ayer

310 can be controlled by the heat source 350, the heat sink 360 and/or heat
flux througik 86@ is espomnatiy tB&Mnalllydsoletednfsbm, theajomportehe 308 mrelr dteuhestof t he
conponent 300 is to be raised fromTL to TH, the 10 heat source 350 can

initially ! i eatT | at
Sk 360" A T e R R abe 8Pl (R B0 1R, o AT efoby Mg

't it to i | t h I ductivit h , Which th |1y isol at
the hedt _SIFeee D507 BT CHEP Wi REOHE RO Pt R oHBgrsLP R’ 360 T8 heat

source 350 can then reduce its heating power to maintain the conponent 300
at TH; (b)thefenvinenrbentperature of the 15 conponent 300 is to be | owered from
TH to TL, the heat source 350 can be turned off and allow the PNTC

conposi te oa38 Thalfhdsas ©PQhe PNTE i s Syef JMOGIN e LnesIed ), eReRedthr ough
its phase transition to its high thermal conductivity phase, the heat sink

360 can then quickl raw hea romthe onent 300 and red th
enperat ur BUBE ¢ e rsR e 3eb B ot ek R R sty APRIRE 08! oraso
can initially l'ower its 20tenperature bel ow TL by runni ng col der cool ant
t her et hr ouefampde, il@diide temwepiiarseofithe pemppoent300titte reNTGed vpokited ) tger 310
to its high thermal conductivity phase, and Page 12

10 heat source 350 can initially output a high heating power to overcome heat loss to the

heat sink 360.and induce the PNTC composite fayer 310 through its phase transition to
its low thermal conductivity phase, which thermally isolates the heat source 350 and
the component 300 from the heat sink 360. The heat source 350 cal;\ then reduce its
heating power to maintain the component 300 at Ty; (b) if the temperature of the
15 component 300 is to be lowered from Ty to T, the heat source 350 can be turned off
and allow the PNTC composite layer 310 to cool. Once the PNTC composite layer 310
goes through its phase transition to its high thermal conductivity phase, the heat sink
360 can then quickly draw heat from the component 300 and reduce the temperature
of the component 300 to T,. 'Alternativély, the heat sink 360 can in-itially lower its
20 temperature below Ty by running colder coolant therethrough to induce the phase

. transition of the PNTC composite layer 310 to its high thermal conductivity phase, and
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the heat sink 360 can then adjust its tenperature to maintain the conponent
300 at -TL. [0039] The configurations shown in Figs. 3A-3C can be conbi ned
-in any sUtable manner. 5[0040] Fig. 4 shows an exenplary use of a PPTC
conposite layer 420 between a conponent conprising an edge ring 410 and a
support ring 430, both rings.configured to surround a substrate support
assenbly 440 in a plasma process chanber. The edge ring 410 is preferably
mai nt ai ne t ; j ch.or . "ring
TP ol e S o Sl AT AN U S R
support ring 430 is configured to function .as a heat sink and renove heat
"fromthe éﬁge ring 410. Variation of plasnma power required in different
etching steps can cause variation of heating power on the edge ring 410.
When t he ploa3gkTipowenfigusatinnghshowmeirPPIEE 8a4riSosart del eyatrindd n ssam dwitebied

bet ween the edge ring 410 and the support ring 430 can be heated by heat-
flux fromthgn@l asma through the edge ring 410 to its high 15 thernal
conductivity state and then heat is renoved efficiently through the PPTC

comostd e |Yel 478, SRR B SR IS A 0eh R R ke S T

| ow, the PPTC conposite |ayer 420 can be cooled to its |ow thernal

conduct i vi egmpenené coypptisieg suppes ting AHYyadde sapirbrt-Hieg A30,I1bpth siogwutanfiguededge
ring 410 fromthe support ring 430. The edge 20 ring 410 is thus protected
f rom over cepdurilind GoJiBal- &€ stifpdts b @ YW BA®inl Abladh® BB cbiethaRibef OTHIUEdgeV i Ty

does not change as significantly as the PPTC conposite between the edge
ring 410 and re variatijion of t edge _ring

.support, ring 430, .tenperat h
110 Page. 1578 GO by Al et SRS e ReE R A ecin H8 FedSee
Alternatively, the edge ring 410 can be an edge ring assenbly conprising an
edge ring Hmiedgering 440 is herjed By taseetin the plasina poereacehambaen duries veyelhei ng.
[0041] Fig. 5 shows another exenplary use of a PPTC conposite |ayer 520 in
an Uppsy support ring 430 is configured to function as a heat sink and remove heat from-the
edge ring 410. Variation of plasma power required in different etching steps can cause
variation of heating power on the edge ring 410. When the plasma power is high, the
PPTC composite layer 420 sandwiched between the edge ring 410 and the support ring
430 can be heated by heat flux from the plasma through the edge ring 410 to its high
15 thermal conductivity state and then heat is removed efficiently through the PPTC
composite layer 420 from the edge ring 410 to the support ring 430. The edge ring 410
is thus protected from overheating. - When the plasma power is I_ow, the PPTC
composite laver 420 can be cooled to its low thermal conductivity state by the support
ring 430 and thermally isolate the edge ring 410 from.the support ring 430. The edge
20 ring 410 is thus protected from overéooling. Compared to using a mat.erial whbse"

thermal conductivity does not change as significantly as the PPTC composite between

the edge ring 410 and the support ring 430, temperature variation of the edge ring 410
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.5 el ectrode assenbly in a plasma process chanber, wherein the conponent
conpri ses an upper electrode 510 attached to a backing plate 530. The

- backing plate 530 is attached to a fluid-cooled plate 540 with the PPTC
conposite | ayer 520 sandw ched t herebetween. The fluid-cool ed plate 540 has
~channels 545 in which cooling fluid circulates and transfers heat away from
t he upper el ectrode assenbly. The upper 10 el ectrode 510 is preferably

mai nt ai ned t ' iHe c

ovever |t Fedol PATHRR of sHIRE) GRAITR iicrcn 3] (Bl cois ARt aedze
process chanber and/ or acgeater nob shomngﬁgnbqugg.in t he up?er.eLectrode
assenbl y ding A0 GaBLe\GArqdEEITEE TFeBPY SRS 2T 8RS HRgiandh a P L8t et ch
steps can cause variation of the heat received by the upper el ectrode 510.
Wien t he pliisstraherapoweactivathhihgledge hegPPTC conposite | ayer 520 sandw ched
bet ween the backing plate 530 and the fluid-cool ed plate 540 has high
thermal co By A, J i Gl [ er

el ectrode E@gitﬁgéﬁgk théﬁﬁg%é?ﬁg%gﬁgﬁggg%%ygﬁ%a?ﬁéﬁﬁgi E%E%ggi?ngﬁﬁyer
520 to the ﬁlui%%coolgf_ﬁraﬂe 540. The upper electrgde 510 is. thus.

prot ected FEERPLRBTATRY AG PRHE? BEAE T ORIt WNBZH HIfsCIaReNERE FRgPrises
conductivity 20 when the plasma power is |ow and the backing plate 530 is
subst ant i abh wppbreeigetirdde pEdlattacikd taom kidsking InlAtd-53601 B bécking ®a@ B3P0 ishe
PPTC conposite | ayer 520. The upper electrode 510 is thus protected from

over cool i ngitadNeli&bNAfilM@bYled figePitRSRitARHe BRUE cdrhpotiterafdd sTpushamicnedt y of
the PPTC conposite | ayer 520 can be controlled by a thernmal source such as

a heater epbedded in e er electr ssenbl y. pared to usi g .a

mat eri al eﬁ%ﬁﬁ%\wﬁe’b‘h;@@ tj{{ﬁ%ﬁ%‘?'ﬁjd’ ?teﬁgﬁ%ngastﬁ fn é}f(‘f’g@d ‘8@5‘:9 eCOB}éJT%A@g'ﬁJ t he
backi ng plate 530 and the fluid-cool ed plate 540 can reduce tenperature
vari ati on &oauatesiaby tkamsient heat afaypfragnthepumesr. elp@mpz] assemblys EouBPein
exenpl ary use of a PNTC conposite | ayer 620 wherein the conponent conprises

a -subsiqy at glesl#BiOs 10 i3 pFaiRbl RSAtdineFatt RBERNPIAHRTSLUEH AR an ditRestibst rat e
support assenbly 600 can conprise a substrate support |ayer 610 with an

el ectrode 630 enbedded therein for ele 0 ti I i rate
on an 10 uBEJOéFSSSJrg Vé'l%veer’otfhetLFP S abstt g e%tléuc%bgbret}?ﬁ%%&@elwg%g%a[llﬁetﬂ%%%%& traate
support assenbly 600 can further have a heater plate 660 enbedded therein
or attachefrachss ehamberhand{/abat heater sipipdowndseyebasidedsoothiesurper RligEEPdeo a
fluid-cooled plate 640 with a |ayer of the PNTC conposite |ayer 620

sandwi chedaisaaippbetivaeise. VaRatidrlbflpaonb edwelr abguittlinhiferehtBttdl se@d&ni n
whi ch cooling fluid circulates and transfers heat away fromthe 15

substrate sy It h i i g r
tenper at ur S8 auafPT ST B hedrds Py iy Bt BB L RtoNers It B RHARL TR |
PNTC conposite |ayer 620. As the tenperature of the PNTC conposite |ayer
620 i ntY eaBewenisdveh the PRTeompasitNipyet o s dwdchedyhatween t%ﬁngw'w&a&ﬂ Y,
whi ch substantially thermally isolates the substrate support |ayer 610 from
t he fl ui d- ssobedth fiie-c6di8d ptdeatalbapioige thedfal bnduetigranel redae isAffiG&&Iycan
then be reduced to naintain the high substrate tenperature. In an etch step

wherein a {GIRPEREHLE. 520 M3l e fARNDSAES30LA B DAshut s
of f and te%%ﬁ?%ﬁgéggﬁg % gﬁ@%ﬁ%a e an P%e ¢ §p05|te ﬁgyer 620
decrease. As the Page 15 ) .
composite layer 520 to the fluid-cooled plate 540. The upper electrode 510 is thus
protected from overheating.” The PPTC composite 520 has low thermal conductivity
20  when the plasma poWer is low and the backing plate 530 is substantially thermally

isolated from the fluid-cooled piate 540 by the PPTC composite layer 520. The upper

electrode 510 is thus protected from overcooling. Alternatively, the phase and
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-tenperature of the PNTC conposite | ayer 620 decreases bel ow To, X of the
PNTC conposite | ayer 620 rises sharply, which substantially thermally
-coupl es the substrate support |ayer 610 to the fluid-cooled plate 640 for
efficient cooling. Alternatively, tenperature of the fluid-cooled plate 640
.can be used to control the phases of the 5PNTC conposite | ayer 620 by
flowwng a fluid above To or a fluid below To through the channels 645 from

two recircteahar ondL&BAF]of the PPRT CompdsitiNAGecormas Becdraiiied bylzethefabler abl y
fromO0.2 to 2 mmthick. [0044] As an exanple, a two step plasnma etch can

h h h I f huck bond | b
noat er pl agdrsha Sof depiacaerfadh Fhs GPECe BRSO m ol chonBaliid: 2,

wherein the cold plate is maintained at -20C, the heater is turned off and
pl asma is yengpdnagriglswviipgo@onehyve Berditignowsing theePPIecomposite pebrgerpthea | ow
power step wherein the cold plate is maintained at 20C, the heater is run

at 3000 W padkirg! @steas3c afd hies Alurtcdssdd@ladd® 8abVcad ed i jemierstare bgridtibna hi gh
thermal conductivity state during the high power step to enhance cooling of

. the wafer j fgq| nductivity state during the | ow power
step téﬁenﬁggggghggﬁﬁkgwg%ng & "ha g?. [ 0045] While the uses of PNTC and

PPTC conposi tes have been described in detail wth reference to specific
embodi nent 004RkFigof shpws\ain exepeplypieeetit 2 PO TEHESPosite Ilaveq 624 wherein the

component comprises a substrate support assembly 600 in a plasma process chamber.
The substrate support assembly 600 can comprise a substrate support layer 610 with
an electrode 630 embedded therein for electrostatically clamping a substrate on an
10 upper surface of the substrate support layer 610. The substrate support assembly 600
can further have a heater plate 660 embédded therein or attached thereto. The
substrate support assembly 600 is attached to a fluid-cooled plate 640 with a layer of
the PNTC composite layer 620 sandwiched therebetween. The fluid-cooled plate 640
has .channels 645 in which cooling fluid circulates and transfers heat away from the
15  substrate support assembly. In an etch step wherein a high substrate temperature is
desired, the heater plate 660 heats the substrafe and the PNTC composite la-yer 620.
As the temperature of the PNTC composite layer 620 increases above Ty, A of the PNTC.
composite layer 620 drops sharply, which substantially therrhally isolates the substrate
support layer 610 from the fluid-cooled plate 640. Heating power of the heater plate
20 660 can then be reduced to maintain the high substrate temperature. In an etch step
wherein a low substrate temperature is desired, the heater plate 660 shuts off and

temperatures of the substrate and the PNTC composite layer 620 decrease. As the
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-the art that various changes and nodifications can be nade, and equival ents
20enpl oyed, w thout departing fromthe scope of the appended clainms. W
-Claim 1. An assenbly conprising a conponent of a plasma process chanber,
a thermal source and a pol yner conposite sandw ched between the conponent
~and the thermal source, the conponent having a tenperature controlled
surface, wherein: 5the polyner conposite exhibits a tenperature-induced

phase tranghideptuRELIRRN PATHI @ podRE TRjer ER00sEEdskt YeRNRTS 2B tie IPOWC
thermal conductivity phase. 2. The assenbly of Caim1l, wherein the

thermal source is,a h source., 3...Th ssenbly of .Claim 1., wherei.n the
ther mal so Y &ROS|tE laé'eﬁgg({) Mg mparply W rése?g%rﬁﬁﬂgt%efm@%f%p%s %éPeftﬁache

pol ymer conposite exhibits a 10 tenperature-induced phase transition from
t he | ow t hawgatt leyardelt tos they flpidacoeledopletre 640 dor efficienaco@gdubiterpptivelphase
when the tenperature of the polymer conposite increases above a transition

t enper at ur @mpepaturd6f BSeHRlpoRY fHtai en0lcarbeusdd1td bentps thEhasangromiet e
exhibits a tenperature-induced phase transition fromthe | ow thernal

tcgprgg(r:; \ljlr Igelq'ro(fpcfrﬁpgosiggelléy%grégg)i%%??gi?%g %Ed gt?cpv%%tcjr\g f‘il}{d BQ%%FTM?&Jéhht%e

channels 645 from two recirculators.
[0043] The PPTC and PNTC composite layers are preferably from 0.2 to 2 mm thick.
[0044] As an example, a two step plasma etch can use the phase change polymer in a
wafer chuck as a bond layer between a heater plate and a cold plate. T.he first step can

10 be a high power step where.in the cold plate is maintained at -20°C, the heater is
turned off and plasma is generated using 8000 W total power. The second step can be
a low power step wherein the cold plate is maintained at 20°C, the heater is run at
3000 W and plasma is generated using 400 W. The polymer can be in a high thermal
conductivity state during the high power step to enhance cooling of the wafer and in a

15  low therhal condqctivity state during the I-ow power step to enhance heating of the
wafer.
[0045] While the uses of PNTC and PPTC composites have been described in detail
with reference to specific embodiments thereof, it will be apparent to those skilled in

the art that various changes and modifications can be made, and equivalents

20 employed, without departing from the scope of the appended claims.
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decreases below a transition tenperature. 6. The assenbly of Caim 2,
wherei R the conponent is selected froma group consisting of an upper

.el ectrode, a backing plate, a chanber wall, an edge ring and a substrate
‘'support plate. 207.The assenbly of Claim3, wherein the conponent is
selected froma group consisting of an upper el ectrode, a backing plate, a
chanber wall, an edge ring, a substrate support plate, a substrate support
assenbly iwelapdinng a substrate support Page 17 plate and an electric
heater in direct thermal contact with the substrate support plate, and an

edge ring assenply including.an edge rin nd,a heater ring,in_direct
thermal co tac?kr\‘mgisﬁ”ﬁ’hyewé?fg&”}%% . p%r.‘er%?zaa%%sg?%?rﬁcﬁsfs c&%ibﬁ{’f%hm?lei n
the thermal source is a fluid-cooled plate or 5an electric heater. 9. The
assenbl y ofouCteaing alpolviner edmpashe spislwisked beimees thecqnpentapeeditheghermal
substantially thermally isolate the conponent fromthe thermal source when
t he pol ymedoue@ypsSidnehdrent RavidiEa teopdriiraebntediRduaifbsd, Whephase, and
substantially thermally couple the conmponent to-the thermal source when the
pol ymer. conposi te i [ e ..hi 1 her nal nduct i vi e. . The
asseanSy of C atlthr% f,alymj'negrg?ﬁg?sg?}pg)p’d%ﬂrgegggﬁr Bﬂqﬁrged'h}sﬂﬁ%epa@gg?es téaxnég'é)gd in

an interior of the plasma process chanber. .
between a high thermal conductivity phase and a low thermal conductivity phase.

2. The assembly of Claim 1, wherein the thermal source is a heat source.
3. The assembly of Claim 1, wherein the thermal source is a heat sink.
4. The assembly of Claim 1, wherein the polymer composite exhibits a

10 temperature-induéed phase transition from the low thermal conductivity phase to the
high thermal conductivity phase when the temperature of the polymer composite
increases above a transition temperature. .

5. The assembly of Claim 1, wherein the polymer composite exhibits a
temperature-induced phase transition from the low thermal conductivity phase to the

15  high thermal conductivity phase when the temperature of the polymer composite
decreases below a transition temperature.

6. The assembly of Claim 2,. wherein the component is selected from a group
consisting of an upper electrode, a backing plate, a chamber wall, an edge ring and a
substrate support plate.

20 7. The assembly of Claim 3, wherein the component is selected from a group
consisting of an upper electrode, a backing plate, a chamber wall, an edge ring, a

substrate support plate, a substrate support assembly including a substrate support
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.11. A nethod of making the assenbly of daim1, conprising sandw ching the
pol ymer conposite between the tenperature controlled surface of the
-conponent 15and the thermal source. 12. A nethod of plasma etching a
substrate in a plasm process chanmber conprising the assenbly of daiml,
‘the method conpri sing: (a) etching the substrate at a first
tenperature and a first plasma power ; (b) inducing the phase

transiti oy gfe dduerPAbXAEheSRPROSCE tHdrtiR &ma&t%ﬂ%m@bgmtecsgamum ty
phase to the high thermal conductivity or fromthe hlgh t her nal

conductivit hase to the | t her mal nducti vjt
ctching 1 ALt aea DRt e ET R et PP b DRd" fira e bRlor
Page 18 wherein the first tenperature is higher than the second
t enper at ur@ndad withaheiedge ripd.asma power is | ower than the second pl asma
power or the first tenperature is lower than the second tenperature and the

first plasgm pPowRs adsembly@¥etiaimNBRvAdI8InSIRE QRErritl| 38iFRe RONE lid-Rbfed Th1Sterdrt hod
of Claim 12, wherein: t he conmponent is a substrate support assembly

|nclud|ng a ﬁua rgtersupport | ayer on which the substrate is supported
duri ng Zet cHl R G4 el ectric heater in direct thermal contact with the

substrate support layer; the thermal source is a heat sink;
9. The assembly of Claim 1, wherein the polymer composite is adapted to

substantially thermally isolate the component from the thermal source when the
‘polymer composite is in the low thermal conductivity phase, and substantially
thermally couple the component to the thermal source when the polymer composite is
- 10  in the high thermal conductivity phase.
10. The assembly of Claim 1, wherein temperature controlied surface is exposed in
an interior of the plasma process chamber.
11. A mefhod of making the assembly of Claim 1, comprising sandwiching the
. polymer composite between the temperature controlled surface of the component
15  and the thermal source.
12. A method of plasma etching a substrate in a plasma process chamber
comprising the assembly of Claim 1, the method comprising:
(a) etching the substrate at a first temperature and a first plasma power;
(b) inducing the phase fransition of the polymer composite from the low
20 thermal conductivity phase to the high thermal conductivity or from the high thermal
conductivity phase to the low thermal conductivity phase;

. {c) etching the substrate at a second temperature and a second plasma power;
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-10the el ectric heater heats the substrate support and maintains the polyne
conpostte above the transition tenperature and in the | ow thermal :
-conductivity phase during step (a); the electric heater is off and

t he heat sink cools the polyner conposite below the transition tenperature
~during step (b); and 15the heat sink maintains the polymer conposite bel ow
the transition tenperature and in the high thernmal conductivity phase

during step (c)whetdinkhe figtiarmbepstuld BiHRNER thah&icidtond temperatiie ad@nrpenent
is an edge ring assenbly including an edge ring and a heater ring in direct

R e B o e e o
pol ymer conposite above the transition tenperature and in the | ow t hernal
conduct i vilewepmsethgusecagd semperaiyre and the first plasfripePPMeest '@rhigl',\qﬁgthpg thef and
t he heat sink cools the polyner conposite below the 5 transition
t enper at urRcshi plagnSpeRed b) ; and '
5 13. The method of Claim 12, wherein:
the component is a substrate support assembly including a substrate support .
layer on which the substrate is supported during etching and an electric héater in
direct thermal contact with the substrate support layer;
the thermal source is a Heat sink;
10 the electric heater heats the substrate support and maintains the polymer
composite above the transition temperature and in the low thermal conductivity phase
during step (a);
the electric heater is off and the heat sink cools thé polymer compos.ite below
the transition temperature dﬁring step (b); and
15 the heat sink maintains the polymer composite below the transition
temperature and in the high thermal conductivity phase during step (c).
14. The method. of Claim 12, wherein:
the component is an edge ring assembly including an edge ring and a heater

ring in direct thermal contact with the edge ring;

20 the thermal source is a heat sink;
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.the heat sink cools the edge ring and nmaintains the polyner conposite bel ow
tHe transition tenperature and in the high thermal conductivity phase
-during step (c). 15. The method of C aim 12, wherein the conponent is an
upper el ectrode, a backing plate, a chanber wall, an edge ring and a’
~substrate support |layer. Page 20 -

| the heater ring heats the edge ring and maintains the polymer composite
above the transition temperature and in the low thermal conductivity phase during
Step(a);_
the heater ring is off and the heat sink cools the polymer composite below the
5 transition temperature during step (b); and
thé heat sink cools the edge ring and maintains the polymer composite below
the transition temperature and in the high thermal conductivity phase during step (c).
15. The method of Claim 12, wherein the component is an upper electrode, a

backing plate, a chamber wall, an edge ring and a substrate support layer.
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