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-1 - SEM CONDUCTCR PROCESSI NG EQUI PMENT HAVI NG TI LED CERAM C LK & of

the I'nvéntion’'The invention relates to sem conduct or processing equi pnent
and nore 5 articularly to a ceramc liner for a procgss rrber such
as a pl asr‘?ﬁogf’g ?’ng chanber. Background of the Invention Inh‘%ﬁo el d of
sem conduct or processi ng, vacuum processing chanbers are generally used for
etching and chem cal vapor deposition (CVD) of nmaterials on 10

substrates by supplying an etching or deposition gas to the vacuum chanber
and application of an RF field to the gas to energize the gas into a plasna
state. Exanples of parallel plate, trans¥ormer coupled plasma (TCP[err])
which is also called inductively coupled plasma (I1CP), and

el ectron-cyclotron resonance (ECR) reactors and conponents thereof are

di scl osed in comonly owned U. S. Patent 15 Nos. 4, 340, 462; 4,948, 458;

5, 200, 232 and 5, 820, 723. Because of the corrosive nature of the .pbl asma
environment in such reactors and the requirement for minimzing particle
and/ or heavy et SEMICONDUCTIOR PROCESSING EQUIPMENT HAVING TILED conponent s

of such equi pnent to exhibit high I stance. During processing
of sem conduct or substrates, the SM typically

Field of the I i
The invention relates to semiconductor processing equipment and more
5 particularly to a ceramic liner for a processing chamber such as a plasma etching

chamber.

Background of the Invention
In the field of semiconductor processing, vacuum processing chambers are
generally used for etching and chemical vapor deposition (CVD) of materials on
10 substrates by supplying an etching or deposition gas to the vacuum chamber ahd
application of an RF field to the gas to energize the gas into a pla;sma state.
Examples of parallel plate, transformer coupled plasma (TCP™) which is also
called inducti\iely coupled plasma (ICP), and electron-cyclotron resonance (ECR)
reactors and components thereof are disclosed in commonly owned U.S. Patent
15 Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723. Because of the corrosive
nature of the plasma envxronment in such reactors and the requirement for
minimizing particle and/or heavy metal contamination, it is highly desirable for the
components of such equipment to exhibit high corrosion resistance.
During processing of semiconductor substrates, the substrates are typically
20 held in place within the vacuum chamber on substrate holders by mechanical
clamps and electrostatic clamps (ESC). Examples of such clamping systems and
- components thereof can be found in commonly owned U.S. Patent Nos. 5,262,029
and 5,838,529. Process gas can be supplied to the chamber in various ways such

as by gas nozzles, gas rings, gas distribution plates, etc. An example of a



20 held in place within the vacuum chanber on substrate holders by
mechani cal clanps and el ectrostatic clanps (ESC). Exanples of such chanpt#g:
systens and conponents thereof can be found in commonly owned U.S. Pateft
Nos. 5,262w0d®2mmd 5, 838,529. Process gas can be suppl i e®CEISPYM8Shanber in.
vari ous ways such as by gas nozzles, gas rings, gas distribution plates,
etc. An exanple of a -2- tenperature controlled gas distribution plate
for an inductively coupled plasma reactor and conponents thereof can be
found in commonly owned U. S. Patent No. 5,863,376. Al um num and al um num

all oys are commonly used for walls of plLasma 5 reactors. In order to
prevent corrosion of the walls, various techniques have been proposed for
coating the a FHAiTe Softfole@ giid diftrivadidrOpltte ¥0dd indSotivEcobpied pag@a U. S.

Pat ent No. 5, 64 375 di scl oses that al um num chanber wall's have been
anodi zed to r Eeo8 2w} eompenentn Biersef sanbefound by commmonkypwaed ¥k PagmsNoat ent

states that egqus%gkly the anodi zed | ayer is sputtered or etched off and
t he chamber be replaced. U S. Patent No. 5,680,013 states that a

techni que for flanmmmnmyiangamﬁﬂﬁﬂxaﬂnysmﬁomwrﬂyum fofwanseﬁplhﬁmng chanber

5,0 scl oged Lt S Rahent Mo oSkt ine Wi, b BB 0B N

proposed for coating the aluminum surface with various coatings. For instance,
U.S. Patent No. 5,641,375 discloses that aluminum chamber walls have been
anodized to reduce plasma erosion and wear of the walls. The 375 patent states
that eventually the anodized layer is sputtered or etched off and the chamber must

10 be replaced. U.S. Patent No. 5,680,013 states that a technique for flame spraying
AlL,O, on metal surfaces of an etching chamber is disclosed in U.S. Patent No.
4,491,496. The ‘013 patent states that the differences in thermal expansion
coefficients berween aluminum and ceramic coatings such as aluminum oxide leads
to cracking of the coatings due to thermal cycling and eventual failure of the -

15 coatings in corrosive environments. U.S. Patent No. 5,085,727 discloses a carbon
coating for walls of a plasma chamber wherein the coating is deposited by plasma
assisted CVD. | |

In order to protect the chamber walls, U.S. Patent Nds. 5,366,585;
5,556,501; 5,788,799, 5,798,016; and 5,885,356 propose liner arrangements.

20 For instance, the ‘585 patent discloses a free standing ceramic liner having a
thickness of at least 0.005 inches and machined from solid alumina. The ‘585
patent also mentions use of ceramic layers which are deposited without consuming
the underlying aluminum can be provided by flame sprayed or plasma sprayed
aluminum oxide. The ‘501 patent discloses a process-compatiblé liner of pblymer

25 or quartz or ceramic. The ‘799 patent discloses a temperature controlled ceramic
liner having a resistance heater embedded therein and the ceramic can be alumina,
silica, titania, zirconia, silicon carbide, titanium carbide, zirconium carbide,
aluminum nitride, boron nitride, silicon nitride and titanium nitride. The ‘016

patent discloses a liner of ceramics, aluminum, steel and/or quartz with aluminum



coefficients between alum num and ceram ¢ coatings such as al um num oxi de

| eads to cracking of the coatings due to thermal cycling and evefigaffmye:
fajlure of the'- 15 'coatings in corrosive environnents. U S. Patent No.
5,085,727 &y8eiLgAs a carbon coating for walls of a plasngcsghR wher ei n
the coating Is deposited by plasnma assisted CVD. In order to protect the
chanber walls, U S. Patent Nos. 5, 366, 585; 5, 556,501; 5,788, 799; 5,798, 016;
and 5, 885, 356 propose |liner arrangenments. 20 For instance, the' 585

pat ent discloses a free standing ceramc liner having a thickness of at

| east 0.005 inches and machined fromsolid alum na. The '585 patent al so
mentions use of ceram c |ayers which areéheposited W t hout consum ng t he

der |l yi | ymi num can. be .provi ded ane rayed or plasma sprayed
Al U nom oxi dSSnRHEERE! RE SR o Seplhebi g BuBES coBpet Breinamor of -
pol yner 25 oxide(86,0, or YLOF GFiTALO, Béifiy préRrel Torcubatial MGHARAT 1iprbGERE! at ur e

control led ceram c. liner having a resistance heater enbedded therein and
the ceranic caRotgetion afthepfumigum trgm plasman; The "336 patant disclordsi aceeramia dinerle,

511 foon it g amedhd SR04 LR R of TRl ot e wald BBl Kl o

silicon nitri(je and titaniumnitride. e
ceram cs, Jal urih QW chamhers. alcS. RateptiNiot 3,904,778 discloses arfiC CVDB-coating on

free standing SiC for use as a chamber wall, chamber roof, or collar around the
wafer. U.S. Patent No. 5,292,399 discloses a SiC ring surrounding a wafer
pedestal. A technique for preparing sintered SiC is disclosed in U.S. Patent No.
5,182,059. '

10 With regard to plasma reactor components such as showerhead gas
distribution systems, various proposals have been made with respect to the
materials of the showerheads. For instance, commonly owned U.S. Patent No.
5,569,356 discloses a showerhead of silicon, graphite, or silicon carbide. U.S.
Patent No. 5,888,907 discloses a showerhead electrode of amorphous carbon, SiC

15 or Al. U.S. Patent Nos. 5,006,220 and 5,022,979 disclose a showerhead electrode
either made entirely of SiC or a base of carbon coated with SiC deposited by CVD

to provide a surface layer of highly pure SiC.
In view of the need for high purity and corrosion resistance for components
of semiconductor processing equipment, there is a need in the art for

20 improvements in materials and/or coatings used for such components. Moreover,
with regard to the chamber materials, any materials which can increase the service
life of a plasma reactor chamber and thus reduce the down time of the apparatus,

would be beneficial in reducing the cost of processing the semiconductor wafers.



being preferred for its ease of machinability and having a coating of i}
al um num oxide, [err], with [err] being preferred for, coating al #am numto* -~
provi de protection of the alum nu fromplasma. The '356 patent discloses’a
ceranmic | i r¥PoYR243 uni na and a ceramic shield of al umi numBGTHYSOP8} ¢t he
waf er pedestal for use 5 in CVD chanbers. U. S. Patent No. 5,904,778

di scloses a SiC CVD coating on free standing SiC for use as a chanber wall,
chanmber roof, or collar around the wafer. U S. Patent No. 5,292,399
discloses a SiC ring surrounding a wafer pedestal. A technique for
preparing sintered SiCis disclosed in UgS. Patent No. 5,182,059. 10

Wth regard to plasma reactor conponents such as showerhead gas

di stribution Rimnaah: ofthe Igvemtiph oposal s have been made with respect to the
materials of the showerheads. For instance, conmmonly owned U. S. Patent No.

5, 569, 356 di scl osesIhs RYeatieR Proxidesa tiled linep for aplasma nracessipg ehambebn car bi de.

U S. Patent . ' Mﬁ,{:g} ' rpahous
carbon, SiC %hée%?&g?ﬁdﬁ%?@%ﬁgtﬁgﬁﬁ eaIl\lt§os. 5, 08%2%&2%%11&%%0%%1’ 9 di scl ose

a shower head edssembly dfceamicdilesrtachtedcinwardiy of asidsidll ofrtheciamber.oThear bon
coated with Si C deposited b t 0. provide surface | ayer of highly pure
S'C Tn'vitow GPATREARELE e inclis ¢ SR Woheft. S ke Db PEh ehermre °f o
-conponents of spafiec ATHE $abshrateBLPFRSon MhichGue PFRitke sUbBP4LEs ¢ b pr6@eselifis t he
art for 20 i nprovenents, in materials and/ or coatings used for such

conponent's. NoPEBELWithig;the infeEigr sRRce 9T s ChRmbsth cthe rarmber sidewall Ay snagecer i al s
whi ch can i ncr&aggediy6r S5eriph&S of the substrate support and the gas supply supplies

process gas to the interior space. The energy source energizes the process gas in

10 the interior space into a plasma state during processing of the substrate.

According to a preferred embodiment, the tiled liner is supported by a
resilient support member such as an elastomeric joint or an elastically bendable
meta] frame. For instance, the resilient support can comprise an elastomeric joint
which attaches each of the ceramic tiles to a respective metal backing member:

15 The metal backing members can be supported on an elastically bendable metal
frame supported by a thermally controlled member such that heat can be
withdrawn from the ceramic tiles via a thermal path which extends through the
elastomeric joint, the metal backing members and the bendable metal frame to the
thermally controlled member. Alternatively, the resilient support can comprise an

20 elastomeric joint between each of the ceramic tiles and the chamber sidewall.

The tiles can be a series of interlocked ceramic tiles such as SiC tiles. The
elastically bendable metal frame can include an inner frame member and an outer
frame member, the inner frame member being supported by the outer frame
member and the outer frame member being supported by the chamber. The inner

25 and outer metal frame members can be configured to allow differential thermal
stresses on the tiled liner and the frame members to be accommodated during
operation of the plasma processing system. In such an arrangement, an upper
portion of the outer frame member can be supported by a thermally controlled part

of the chamber, a lower portion of the outer frame member can be attached to a




life of a plasma reactor chanber and thus reduce the down tine of the
appar atus, woul d be beneficial in reducing the cost of processi‘HgiHfhs:
sem conductor wafers. - -4- Sunmary of the Invention The invention
provi des avhdbfishehl Ner for a plasnma processing chanber wheg®inisoorasss

sem conductor substrates can be processed. The tiled liner conprises an
assenbly of ceramc tiles located inwardly of a sidewall of the chanber.
The 5 pl asma chanmber can include a substrate support, a gas supply and
an energy source. The substrate support on which one or nore substrates can
be processed is located within the interior space of the chanber. The
chanber sidewall is spaced outwardly of A periphery of the substrate

support and the qgas._supply. . | es_process, gas.ta.the interior ace. The
energy sour cep°é¥fgﬁ’§f‘&°8s°?t“¥°e‘ﬁ§$‘?£%§%‘“§‘§ L %“cig‘eﬁﬂ?‘ﬁénef ﬁ?‘éﬁ? 8‘?1’9?’35% into a
plasma state dierinieg fdneoRasbery Fufthel) ehsbdadibla ietal fame cah thide 22, pr ef err ed

enbodi nent, the tiled liner is supported hy a resilient support nmenber such
as an el ast onEPRtinuPYs yppepportion anda seemenied 1owerpostion. nEerinstangethe For

| nstance, 1 Ne yegblelrfilll FARAMN by lindiREPhdd e HinfhRIGHE pdrbRbal  Whi ch
attaches each o‘?‘ﬁtiﬁe ceramc ti Ice to a respgctlve met a ack?%%ﬂ menberr .
15 TheS met abmprisekaxinilyrestending segmentssepanated framieash ogher dyaxiallyal | y bendabl e

Ll extending slots. If the inner and outer metal frame members are cylindrical and

include continuous upper portions and segmented lower portions, the segmented
lower portions comprise axially extending segments separated from each other by
axially extending slots. _

10 According to another embodimént of the invention, a ceramic plasma
screen extends inwardly from a lower portion of the tiled liner, the ceramic plasma
screen including passages through which process gas and reaction byproducts are
removed from the interior of the chamber during processing of a substrate. For
instance, the ceramic plasma screen can comprise a plurality of discrete screen

15 segments supported in an annular space between the chamber sidewal! and the
substrate support, the passages comprising slots extending radially inwardly from
the chamber sidewall. The ceramic plasma screen can be attached to the bendable
metal frame by an electrically conductive elastomeric joint and the plasma screen

can be electrically grounded to the bendable metal frame by the elastomeric joint.

20 Brief Description of the Drawings
Figﬁre 1 shows a plasma reaction chamber in accordance with a first
embodiment of the invention wherein a tiled liner supported on a resilient frame
surrounds a substrate support;
Figure 2 shows the plasma reaction chamber of Figure 1 without various
25 components including the liner;
Figure 3 shows an embodiment of the invention wherein the ceramic liner

comprises a series of tiles mounted on backing plates;



frame supported by a thermally controll ed nenber such that heat can be

w thdrawn fromthe ceramic tiles via a thernmal path which extends through
the elastoneric joint, the nmetal backi ng menbers and the bendabl e netal -
frane to tNeoee4mual |y controll ed nenber. Alternatively, ROTAIS00/24858 ent .
support can conprise an 20 el astoneric joint between each of the ceramc
tiles and the chanber sidewall. The tiles can be a series of interlocked
ceramic tiles such as SiCtiles. The elastically bendable netal frane can -

i nclude an inner frane nenber and an outer franme nenber, the inner frame
menber being supported by the outer frang nenber and the outer frane nenber
bei ng supported by the chanber. The inner 25 and outer netal frane

menbers can be CoNfigs §ehdv Ahdciclicl i itk sk b abBSSES ON t he

tiled liner and the Trame menbers to be accommodated during operation of
the plasma prddgwedng system |n such an arrangenent, an upper portion of

the outer frame ne r e perted b her ly.controll ed part of

t he chanber, a Iomﬁﬁlﬁ%ﬁgﬁ%ﬁs %e?mllllgﬁga eéﬂ?&&%@g%%egmyﬁmréched to a
| ower portion chimbéiofiRgues 35 rame nenber, and the tiled |iner can be
supported by the innper frame menber. Further, the bendable netal franme can

i ncl ude a3cont i nuo&dgurHBERoYRAY the cderg of thetyesofi Bagure 3 di togsther inan  For

i nstance, the jhendaliLartbéhedt! @8 can be cylindrical and the segmented
| ower portion can

Figure 7 is a graph showing temperatures of the heater flange, tile and
fower flange of the arrangement shown in Figure 3 over the course of a 200 wafer

mn.

10 Detailed Description of the Preferred Embodiments
According to the invention, a tiled liner comprising an assembly of ceramic
tiles can achieve one or more of the following objectives: maintaining good plasma
' formation by providing an electrical path to ground through the liner, avoiding
process drift by providing thermal control of the liner, overcoming differential
15 thermal expansion between ceramic and metal components by providing a resilient
liner support, and preventing aluminum ("Al") contamination by shielding Al
chamber walls and components from the substrate being processed. With regard to
the electrical grounding of the liner, the ceramic liner is made from an electrically
conductive material. A preferred ceramic material is Si or SiC, materials which
20 can be obtained in high purity and which have been found to exhibit high
resistance to the corrosive conditions found in plasma reactors such as plasma
etching chambers.
The invention provides a plasma chamber wherein various components -
including a ceramic liner are made of Si or SiC. Such material§ are compatible in
25 plasma environments since plasma erosion of Si or SiC produces gaseous Si or C
compounds which can be pumped from the chamber without particle contamination
of the substrate. With regard to thermal control, SiC has been found to exhibit

exceptionally high thermal conductivity enabling the liner to be heated or cooled to



5 conprise axially extending segnents separated from each other by
axially extending slots. If the inner and outer netal frame neifBFérs dife
cylindrical and include continuous upper portions and segnented | ower
portions, tweofidfiented |ower portions conprise axially eygpididhdsegcdments
separated from each other by axially extending slots. 10 ccordi ng
to anot her enbodi nent of the invention, a ceram c plasm screen extends
inwardly froma lower portion of the tiled liner, the ceram c plasna screen
i ncl udi ng passages through which process gas and reaction byproducts are
renoved fromthe interior of the chanber _during processing of a substrate.
For instance, the ceram c plasna screen ¢an conprise a plurality of

di screte screen, 15 se nts s orted i.n nnul ar space between the
chanber si dem@qes‘é??a‘e’mgg EFD‘?P%{" SFne %gﬁﬁ?é§as&5§aiﬂhfﬂﬂ wafERs- sl ot s

ext endi ng r adiwith yegard@loditorhin@raitiérentia) expaRsios, tHeYeillent spBort S5 P! 2SR

screen can be attached to the bendable netal franme by an g?ectrl carly
conducti ve el 38thsiayention i5dssigngsdtoraliaw thexepramis dinette freely expand orcontract | v

grounded to t Blfibe® hvla;{m oo H‘%‘} FF rie jaint. 20 Bri ef
Description opﬁ%@g %avm ngs |g£ere 1 2%%‘;\%5 %@g’%&ﬁ%&& ﬁlgﬁmﬁber in
accor dancé wi tlinencdnifines the plasnia inwardly fof tHedinenamithuoavoidsetaciiopAl whigsd | i ner

supported on a resilie frame surrounds a substrate support; Figure 2
shows the pl as%o?’g%f’géw'ﬁ% - of Figure 1 without various 25

conponents i ncl udi Pgvicti@miprétessing chamber according to the present invention may be

used for various semiconductor plasma processing steps such as etching,

deposition, resist stripping, etc. An example of a single wafer vacuum processing
10 chamber 2 having an inductively coupled plasma source is shown in FIG. 1
wherein processing gas is supplied to the processing chamber 2 by suitable
apparatus (not shown) such as gas distribution rings, gas distribution plate,
injection nozzles, etc., and a vacuum is maintained in the interior 4 of the chamber
by suitable vacuum pump apparatus. The substrate to be processed in the chamber
15 can comprise a silicon semiconductor wafer 6 supported on a substrate support 8.
The substrate support 8 can include an electrostatic chuck and a focus ring 10.
The vacuum pump can be connected to a large outlet port 12 in an endwall such as
the bottom of process chamber. The vacuum processing chamber can include a
dielectric window 14, a gas distribution plate 16 and RF power can be supplied to
20 the chamber through an external RF antenna such as a planar coil 18 outside the
dielectric window 14 on an endwall such as the top of the chamber. However, the
plasma generating source can be of any other type of plasma generating equipment
such as that of an ECR reactor, parailel plate reactor, helicon reactor, helical
resonator, etc. The plasma generating source can Be attached to a modular
25 mounting arrangement such as an annular mounting flange which is removably
mounted on the endwall of the chamber.
In order to maintain a vacuum tight seal between the mounting flange and
the chamber 2, suitable O-ring seals can be fitted within grooves in the endwall of

the chamber 2 and RF shielding members can surround the vacuum seals. If a



Fi gure 3 shows an enbodi nrent of the invention wherein the ceramc |iner
conprises a series of tiles nmounted on backing plates; . -6- Fi-gure 4 °
shows a perspective view of the plasnma reaction chanber of Figure 3; Fidure "
5 shows deweioire240f a waf er introducing slot in the pl asmRCTa%064/248¢8 chanber
of Figure 3; 5 Figure 6 shows how the edges of the tiles of Figure
3 fit together in an interlocking arrangenent; and Figure 7 is a graph
showi ng tenperatures of the heater flange, tile and | ower flange of the
arrangenment shown in Figure 3 over the course of a 200 wafer run. 10
Det ai | ed Description of the Preferred Egbodi nents According to the

I nvention, a tiled liner conprising an assenbly of ceramc tiles can

achi eve one qargewacuuai fokdeds providadiby gheoticemh ipump, it ionotin@tessary @ odkilzep! asma

L o i st S B |
over com ng di &&ﬁ{tﬁggiaaée can snnﬁqa%sf@ﬁ t’eAANA 6fthb BhaHRRY 2C O aldifed 2 et Al
nponents by providing a resilient
mounting flange or another part of the plasma generating source assembly can be
5 hinged to the chamber 2 such that the plasma generating source can be pivoted to
an orientation such as a vertical orientation for servicing the interior 4 of the
chamber 2. '

The chamber includes a liner 20 comprised of ceramic tiles. A plasma
screen 22 for confining the plasma in the space surrounding the wafer 6 extends

10 inwardly from the lower end of the liner 20. In the embodiment shown in FIG. 1,
the liner 20 is supported by an elastically bendable frame which includes an inner
support frame 24 and an outer support frame 26. In order to maintain the liner at
a desired temperature during processing of a substrate, a heater 28 is provided on
the top of the inner frame support 24. In operation, the heater 28 is effective to

15 heat the linier 20 and removal of heat from the liner 20 can be accomplished by a
temperature controlled member 30 which withdraws heat from the liner through
the inner and outer frames. Othér types of heating arrangements such as a heater
embedded in the liner or suitable radiant heating arrangements can also be used.
Details of a suitable radiant heater are disclosed in commonly owned U.S. Serial

20 No. 09/401,308 (Attorney Docket No. 015290-369) filed September 23, 1999, the
disclosure of which is hereby incorporated by reference.

As shown in FIG. 2, the chamber can have a modular design which allows
various plasma generating sources to be mounted thereon. Further, the substrate
support 8 can be supported at one end of a support arm mounted in a cantilever

25 fashion such that the entire substrate support/support arm assembly can be
removed from the chamber by passing the assembly through an opening 32 in the
sidewall of the chamber. The chamber can be of any suitable material and
according to a preferred embodiment of the invention the chamber is formed out of

a single piece of aluminum or an aluminum alloy.



| i ner support, and preventing alum num ("Al ") contam nation by

shi el._kd_i..nég,_. A
chanber walls and conponents fromthe substrate being pr ocessedFibE SR
regard to the electrical grounding of the liner, the ceramic liner is de
froman elwolotkg@l |y conductive material. A preferred cermomsoomdses i al is
Si'or SIC, materials which 20 can be obtained in high purity and which
have been found to exhibit high resistance to the corrosive conditions
found in plasma reactors such as plasnma etching chanbers. The invention.:.
provi des a plasma chanber wherein various conponents including a ceramc
liner are made of Si or SiC. Such materigls are conpatible in 25 pl asma
environnents since plasma erosion of Si or SiC produces gaseous Si or C
conmpounds whi ch ca : : ioh D ' :
contam nation of t %&gﬂggt@ﬁtﬂ%& E@V%&?g‘;&gﬁg@?gedtﬂﬁg?%khg%%ﬁﬁrépg has
been found to2@gomprises énterlgokingreatamic linerrelanheatsrsuth aoflatuidesi 34, by shioveaiini ng t he
liner to be hg or, £oml ed t - (- desir te at ur an during
processi ng of ﬁ@%ﬁ;é %gs?g%%'%s%ﬁlfﬁ%%igwgpé.g f%tﬁﬁ%{a& T‘Sei'g"sggercom' ng
differential greRneiably ofldnceldcridally oidubtiveRiterid GacH &b silicoh@risfigonnvention is
designed to allow the ceramc liner to freely expand or contract within the

chanber. ¥t hc¥bijar Pucla masFiahproyiglepan added befisfis in dat it does not contria -

. aluminum and thus reduces Al contamination of processed substrates. According

to a preferred embodiment, SiC tiles are bonded to an aluminum backing plate 36.
A preferred bonding material is an electrically conductive elastomer 38 which can
absorb lateral stresses caused by different thermal expansion coefficients of the SiC
.10 | and Al. ‘Each tile and backing plate assembly can be attached to the chamber wall
by an elastically bendable frame 40 which includes an inner frame 42 and an outer
frame 44. Temperature control of the liner is achieved by a heater 48 supplied
power by electrical leads 49 and a temperature controlled member 50.
The elastomeric joint can comprise any suitable elastomeric material such
15 as a polymer material compatible with a vacuum environment and resistant to
thermal degradation at high temperatures such as above 200°C. The elastomer
material can optionally include a filler of electrically and/or thermally conductive
particles or other shaped filler such as wire mesh, woven or non-woven conductive
fabric, etc. Polymeric materials which can be used in plasma environments above
20 160°C include polyimide, polyketone, polyetherketone, polyether sulfone,
polyethylene terephthalate, fluoroethylene propylene copolymers, cellulose,
triacetates, silicone, and rubber. Examples of high purity elastomeric materials
include one-component room temperature curing adhesives available from General
Elecfric as RTV 133 and RTV 167, a one-component flowable heat-curable (e.g.
25 over 100°C) adhesive available from General Electric as TSE 3221, and a two-part
addition cure elastomer available from Dow Corning as “SILASTIC.” An
especially preferred elastomer is a polydimethylsiloxane containing elastomer such
as a catalyst cured, e.g. Pt-cured, elastomer available from Rhodia as V217, an

elastomer stable at temperatures of 250°C and higher.



5 i ner confines the plasma inwardly of the liner and thus avoids attack

of Al walls or conponents by the plasma. A vacuum processing chanber - & °-
accordi ng resent invention may be used for variou %?uctor

pl asma pro séﬂ%gpsteps such as etching, deposition, resi?f’gw ng, etc.
An exanpl e of a single wafer vacuum processing 10 chanber 2 having an

I nductively coupl ed plasnma source is shown in FIG 1 wherein processing gas
is supplied to the processing chanber 2 by suitable apparatus (not shown)
such as gas distribution rings, gas distribution plate, injection nozzles,
etc., and a vacuumis maintained in thel®nterior 4 of the chanber by

sui tabl e vacuum p he suhstrate to be processed in the

a atus,
chanber 15 canlieéli'Fp‘fgg °§9?W§ém5h%%°%?®ve@1§wrﬁléd on a

substrate supfiQidically JM&@&M%&#EM&&&.&%&&'& fhGRprostatic
chuck and a focus ring The vacuum punp ‘can “be connecte to a’large

outl et port 1@@%@9"@#&%@%&% aémﬁmgbntmrfarfuspumﬂeampnﬂqnber The

vacuum pr oces trlc ndo

di stri bEt i on p| ag‘éecgg aﬁ'é [&%? 3\%% g&cﬁgxg @'ﬁ’b ]“cl YHc H%ﬁrber

t hrough & ex5-20 meighR% ﬁMm&mﬁWﬂmwBﬁaaﬂoﬁOFbréﬁnﬂE ghede the
dielectric w ndow 14 on an e such s.the top of the chanber. However,

the plasma g %‘Pﬁ’f"ﬂﬂ°§(§ﬁ‘?ﬁ’€ léth f‘@f’ﬂeﬂ%ﬁf’(ﬂkbp%ﬁhﬁ gBnerating

equi prent sucinmdrbﬂtco@&arameléﬁﬁam@aeh&a ‘paral l el plate reactor, helicon
reactor, helical resonator, etc. The plasma generating source can be

attached to a noduh alasms screenﬂjmndg inwardlyfeome atlowercdige of the tidewdd. ar
mounting fl angte Mﬂsci'én 's§ rﬂ)i{t%@r%ly of an electrically conductive ceramic material
1 .

10 such as silicon or silicon carbide and includes openings 54 which are smatl enough

to confine the plasma but allow process gas and processing byproducts to be
removed by the vacuum pump.
The heater 48 can comprise an electrical resistance heating element
embedded in an aluminum casting. Thus, by passing electrical current through the
15 heating element, heat will be supplied to the aluminum casting which in mrn ;-
conducts heat into the inner frame 42, the aluminum backing plates 36, the heat
- conductive elastomer 38 and into the tiles 34. During heating and cooling of the
aluminum body of the heater, the heater will expand to a greater extent than the
ceramic liner formed by the tiles 34. In order to accommodate such expansion and
20 contraction, the inner and outer support frames are configured to be elastically
bendable. For example, the frames can be segmented such that a series of axially
extending lower portions thereof are separated by axially extending slits. In
addition, the inner and outer frames can be configured to provide a desired amount
of thermal conductance. For instance, the outer frame 44 can be of a metal such
25 as aluminum or an aluminum alloy and a lower portion thereof can have a
thickness sufficient to withdraw heat from the liner and a thin upper portion to
allow adequate bending of the outer frame due to thermal stresses during

processing of a semiconductor substrate.



mounted on the endwall of the chanmber. In order to maintain a vacuumtlght
seal between the nounting flange and the chanmber 2, suitable- G
can be fitted within grooves in the endwal | of the chanber 2 an
shi-el di ng Wy@igsgnican surround the vacuum seals. If a ,?ngacuum
force is provided by the vacuum punp, it is not necessary to uti

fasteners for attaching the nounting flange to the chanber 2. Instead, the
nmounting flange can sinply rest on the endwall of the chanber 2. If
desired, the nounting flange or another part of the plasma generating
source assenbly can be 5 hi nged to thf chanber 2 such that the plasm
generati ng source can be pivoted to an 0 Yentation such as a vertical

orientation for t he i ter r 4 of th arrber The chanber

i ncludes a |iner mogn%v?@c}m ong ‘ﬁﬁfwo'?‘ ?ﬁ"%'efﬂlﬁgﬁﬁ trateegh g9 f of
confini ng t hewafereaibé mtiodecedpRd eemoved sl tHeGhiMBerBicdEh @ tibpttfigor O
inwardly fromthe | ower end of the liner 20. In the enbodi nent shown in |

FIG 1, the | Pfefnhs arangsmans shown in FiG, eﬁwpﬁ'apwswmm@termmlm cg
[ n order
o | A SRR R s A PN A

to maintain the liner at a tenperat ure
substrat e’ a fntegrakpie® of ceramiw indtediiabor from another material such as anodized

aluminum. For instance, the ceramic material having the slot 55 therein can

comprise any suitable material such as slip cast SiC coated with CVD SiC, bulk
CVD SiC, sintered SiC with or without a CVD SiC coating, reaction bonded SiC,
graphite conversion SiC, or the like. FIG. § shows details of how the inner

10 support frame can be fitted around the slot 55. The outer support frame (not
shown) can be configured in a similar manner.

In order to prevent a line of sight between the wafer 6 and the chamber
wall 46, each tile 34 can have edges 56 which interlock with mating edges of
adjacent tiles, as shown in FIG. 6. - As shown in this alternative embodiment, the

15 chamber 58 can have polygonal inner surfaces 60 wherein the tiles are bonded
directly to flat surfaces 60 of the chamber by an electrically and thermally
conductive elastomer. Such an arrangement is advantageous in that it has fewer
parts than the tile/backing plate arrangement and allows liner removal for cleaning
and replacement to be carried out more quickly.

20 In the foregoing embodiments, the plasma in the chamber can be confined
by the Si or SiC surfaces of the gas distribution plate, the liner, the plasma screen
and the substrate support which extends upwardly through the inner periphery of
the plasma screen. Because the Si and SiC surfaces are located between the
plasma and aluminum surfaces of the chamber, sputtering of the Al surfaces by the

25 plasma is minimized and contaminating processed wafers with Al is reduced
compared to chambers having Al surfaces with line-of-sight to the processed
wafer.

In the embodiment wherein the liner comprises Si or SiC tiles bonded to an

aluminum backing plate by an electrically and/or thermally conductive elastomer



the top of the inner frame support 24. In operation, the heater 28 is
effective to 15 heat the liner 20 and renoval of heat fromthe liner 20
can be acconplished by a tenperature controlled nmenber 30 ' .t hdr aws
heat from t‘ﬁnBoW%@r through the inner and outer franes. d’ﬁtg’?’%{%\ﬁ‘ of
heating arrangenments such as a heater enbedded in the |iner or suitable
radi ant heating arrangenents can al so be used. Details of a suitable

radi ant heater are disclosed in cormonly owned U. S. Serial 20 No.

09/ 401, 308 (Attorney Docket No. 015290-369) filed Septenber 23, 1999, the
di scl osure of which is hereby incorporatd@-by reference. As shown in FIG
2, the chanber can have a nodul ar design which allows various plasm

gener ati ng soubasisng watsmalithe tilescan be sizedhandforrconfigyred tocfitgogtheran @ support 8

can be supported at gne end of a support. arm nounted i cantil ever 25
fashi on such t P i cavers the ships Glrcumepienct of an fner, vall of e Blisimn | ' can be
removed from t fipnfbRANTRE clivhbepwall 8sh bd6f Ay RsiRId\cohfigu@atith sabh &peni ng 32 in

the sidewall of the chanber. The chanber can be of any suitable naterial
and accor di ng ¢dindrigal epelyganal. step Aispitable acress ppening Allowis passagr-ofindinidual | s

formed outg of ' | ) s m . -9-
Accor di ng 5to aailél %?2?'&%0%?%%% CWBH ﬁ%ﬁ?@oﬁé&?ﬁgeﬁ Igésérrgvxgﬁ%ﬁ)ber l'iner

allow various measurements to be made by conventional accessories such as '

process monitoring equipment. The tiles can have a flat rectangular surface fécing
the interior of the chamber. Alternatively, the exposed surface of the tiles can be
curved such that the tiles form a cylindrical inner wall of the chamber.

10 In the embodiment wherein the tile and backing plate assemblies are bolted
to an Al inner support frame which extends around the inner wall of the chamber,
the thermal stresses generated during start-up, operation and shut-down of the
plasma chamber can be accommodated. The number of SiC tiles can be chosen to
achieve a desired limit on part and/or bond stresses generated due to thermal-.

15 forces encountered in the plasma chamber.

In the embodiment wherein a lower flange of the inner support frame is
bolted to the lower edge of an Al outer support frame and a flange at the upper
edge of the outer support frame is bolted to a top plate located on top of the
chamber, the outer support is segmented into vertically extending plates separated

20 by slots which extend from the lower end of the outer support frame to the top
flange. In order to provide temperature control of the SiC tiled surface, a heater
locéted above the top flange of the inner support frame can be bolted to the inner
frame. With such an arrangement, the heater can generate heat which is thermally
conducted from the inner support frame to the backing plate and SiC tile. The

25 heater can comprise a single resistance heater which extends entirely around the
inner wall of the chamber. Alternatively, the heater can comprise any suitable
heater arrangement which achieves the desired temperature control of the liner,

e.g., maintaining the inner surface of the liner at a desired temperature such as in



20 conprises interlocking ceramc liner elements such as flat til
shown in FIGS. 3 and 4. To provide an electrical ground path fo
plasma, the tiles 34 are preferably of an electrically conductive materi al

such as siWiomnp@i silicon. 5 carbide. Such a materi al p@r/osdoSess an added
benefit in that it does not contain alum num and thus reduces Al

contam nati on of processed substrates. According to a preferred enbodi nent,
SiCtiles are bonded to an al um num backing plate 36. A preferred honding.

material is an electrically conductive el astonmer 38 which can absorb

| ateral stresses caused by different thel expansi on coefficients of the
SiC 10 and Al. Each tile and backing BTate assenbly can be attached to

h d
nner 1 rame age gt B0 B0k BRI (BB Ml R aE T O

achi eved by asilieat exided8 suppl [ ed power by el ectrical leads 49 and a
tenperature contro HE‘ nber .5 The el astoneric jqQint can conprise any

suitabl e el ast omer T & 18 E‘h’ 3 plasma screen sygoynding mhesubstete conpat i bi e
Wi th a vacuumngipeit! OrheRfhul Wrdef Thif b Rttach€d foieéBtr HRHH a,fls!@la Rt hi gh

tenperatures such as above 200' C. The el astomer materi n optlonally
i ncl ude a3fi | reshnigye. eFardnstansed thy sepaelt ean hetadhenively bonded te thevearniexinigdiyes or

Fabri c. oo, o galon®l e%%{eﬁaﬁ?éﬁﬁse‘é‘é%ﬁ b I BT SR B0 F e
above 20 lﬁé)bellad]tﬁallménﬁkﬁgaohyhd’ihﬁh ,hframi stkls}ﬂlmn&;e safdﬁn? Slaimped onle

| yet her sul fone ol yet hyl ene_ ter t ate uqQr oet hyl ene_propyl ene
Egpgl yNers, gF‘I‘”ﬁF‘b@’éc g’@é?&‘!g‘é’ 3§S‘H 6 sereen fanhgiof apy siitablegmatetiagh hi gh

purity el ast oRghidhCwillBkiftstadldi & plasma environment for semiconductor production. Silicon

les 34, as

10 carbide is a preferred material for the screen. The screen can comprise a single
unitary ring or a plurality of spaced apart ring segments. For instance, the screen
can include circumferentially spaced apart segments.

In the embodiments wherein a wafer is transferred into and out of the
chamber through a transport slot, the inner and outer frames include cut-outs

15 therein and the tiles surrounding the slot are arranged such that smaller tiles are
below the slot and larger tiles are above the slot. The interior of the slot can be
formed by a wafer passage insert. A preferred material for the insert is silicon
carbide. The insert can comprise a single piece of material or an assembly of
several pieces of material. The medium height tiles and short tiles are preferably

20 adhesively bonded with the elastomer to similarly sized backing plates which in
turn are bolted to the inner frame.

According to the embodiment of the invention wherein line-of-sight
surfaces of aluminum components are avoided by covering the surfaces with the
SiC tiles, the edges of the tiles are preferably des'igned such that they overlap each

25 other. For instance, the tiles can have mating edges wherein a projection on one
tile is received in a recess in an adjacent tile. This effect can be obtained by any
edge design wherein a rectilinear path is not provided between the opposed

surfaces of the tile. Thus, a mating curved or multi-sided edge surface such as a



i ncl ude one-conponent room tenperature curing adhesives available from
Ceneral Electric as RTV 133 and RTV 167, a one-conponent fl owabtle * A
heat-curaw(ﬁ]‘égﬂg. 25 over 100[err]C) adhesive avail aptpuddksmesgeneral. |’
Electric as 221, and a two-part addition cure el astoner available from
Dow Corning as "SILASTIC." An especially preferred elastoner is a

pol ydi met hyl si | oxane contai ni ng el astonmer such as a catal yst cured, e.g.
Pt-cured, elastoner available from Rhodia as V217, an el astonmer stable at
tenperatures of 250[err] C and hi gher. -10- In the case where the

el astoner is an electrically conductivﬂ4élastoner, the electrically

conductive fiJler ria an c rise.particles of .aan ectrically
conduct i ve t'%hapﬁfﬁfg‘?&?‘l’ a‘? ngﬁﬁeg’gﬁgﬁ?‘&%’g’l’e@d “ﬂ‘égﬁﬁ“ﬂ%’r o%sggw,heéc.i npurity
sensitive enwpe@dpEedn prbvide e desiRed iR itedggaTber i s an al um num al | oy

such as a 5 5-20 wel ?ht_ % silicon containing alum num base alloy. For
exanpl e, the al unitheitriockips tlejointselimipate Haerpf-sightiip abynipym compongieyer

filler partighe cemhéggg&{a{ﬁaﬁbﬁngﬂ m&ﬁﬁg@%ﬂ@@ﬁﬁbﬁﬁ@%ﬁ@&%& pl asrma

screen 52 extends | nwar roma edg e ti he pl asma
screen 53 i sdpﬁng mai_t;b,}opelfatianaml_lmcshuﬁdow_hIol}tlmqﬂntumtri:mrceﬁ'mriimmt erial 10
Zﬁgﬂ gﬂs SUIT GO0 80 Hle el i H1stena 30 tleliSa WIS Sy ARSI 05y B iy gD are small

thermally conducted by the inner frame, through the elastomer bond, up the outer
frame and into the chamber top plate. Due to water cooling of the top plate via
cooling channels, the heat transferred through outer frame is removed from the

10 chamber.

During processing of semiconductor substrates, the tiles can be preheated
by the heater before plasma is generated in the chamber. For instance, the tiles
can be heated to a desired temperature by the heater and a thermal control system -
can be used to adjust the heater power to maintain the tiles at the desired

15 temperature. After plasma is generated in the chamber, the control system can
automatically reduce the heater power to maintain the desired time temperature.
Further, the thermal impedances of the inner and/or outer frames can be adjusted
to achieve the desired range of tile operating temperatures and limit the heater
maximum temperature.

20 FIG. 7 shows measured temperatures at the inner support heater flange, the
inner support lower flange, and the tile backing plate during plasma etching of a
batch of semiconductor wafers. The 2°C temperature oscillations resulted frorﬂ
variations in plasma ion energy during an etch cycle. The temperature set point
for the lower flange was 100°C.

25 During processing of semiconductor substrates such as plasma etching of
silicon wafers, in order to minimize deposition of polymer from gaseous
byproducts produced during the etching process, it is desirable to maintain
chamber surfaces exposed to the plasma at temperatures of about 80°C to about

160°C, preferably 110 to 150°C. In addition, such temperature control of these



to confrme the plasma but allow process gas and processing byproducts to be

r ermoved by the vacuum punp. The heater 48 can conprise an el eCt ¥
resi stante heating el enent embedded in an al um num casting. Thus, by

passi ng el agbismam current through the 15 heating el errpm-msmssvm Il be
supplied to the alum num casting which in turn conducts heat into the inner
frame 42, the al um num backing plates 36, the heat conductive el astoner 38
and into the tiles 34. During heating and cooling of the al um num body of
the heater, the heater will expand to a greater extent than the ceramc
liner formed by the tiles 34. In order t? acconmodat e such expansi on and 20
contraction, the inner and outer support ?ranes are configured to be

el astically bendabl e. can be segnent ed s ch that a
er s of i argeaprelie EA R R bk ST uRB el AR A SineaEy axia 1y
ext endi ng sl i tindividdaPwatessi Qocoidi lod jREfeRBd ebddiiedtio¥ Fetﬁ&ﬁ’onf i gur ed
to provide a desired_anmount of thernal conductance. For instance, the outer
frane 44 can bhown inFHES.ol-7.cpriar to strikingaplagmaqin theshamber, agpsistanca freated oy and
a | ower porti uf aw heat
fromthe i ne?ﬁ&{sgﬁé %m%qﬁﬁg &ﬁg?%lﬁg%@gégll%ovgegpdg%glgé R%gn p‘%‘ of the
outer frarfe duhraughtalresihent Ad frasege thecheramic lipero de sechrap arfangernam;) thenduct or
substrate.

heater and part of the Al frame in contact therewith may heat to around 300°C in
order to heat the ceramic liner to around 150°C. The resilient Al frame comprised
of the inner and outer frames allows the part of the Al frame in contact with the
heater to expand relative to the portion of the Al frame in contact with the ceramic

10 liner and thus accommodate any bending stresses on the intermediate part of the Al
frame.

In order to provide highly pure and/or highly thermally conductive SiC
components, such components can be made of CVD SiC. The CVD SiC can be
deposited on a substrate such as graphite and grown to a desired thickness after

15 which the substrate is removed such as by machining. For example, in the case of
a cylindrical liner, CVD SiC can be deposited to a desired thickness on a graphite
cylinder and the graphite cylinder is later machined away leaving the CVD SiC
cylinder liner. Advantages of the CVD SiC include high thermal conductivity
(e.g., CVD SiC has about twice as much thermal conductivity as sintered SiC) and

20 tailored electrical resistivity (e.g., resistivity of SiC can be varied from electrically
conducting to semiconducting). An advantage of using CVD SiC for the reactor
components is that it is possible to obtain a highly uniform temperature distribution
acrc;ss the surface of the component inside the reactor. In the case of processing
wherein the component is maintained at a high enough temperature to minimize

25 polymer buildup on the exposed surfaces of the component, the use of CVD SiC is
highly advantageous from the standpoint of temperature control and minimizing
particle generation.

The foregoing has described the principles, preferred embodiments and

modes of operation of the present invention. However, the invention should not be



-11- FIG 5 shows a portion of the chanber wall wherein a substrate such as
a wafer can be introduced and renoved fromthe chanber through a.transport
slot 55. In the arrangenent shown in FIG 5, sone of the tiles 34 are .
shorter i n™MOH8224Mal direction in the vicinity of the sl oFCHYS0RAR685| ot 55
can be forned froman 5 integral piece of ceramc material or from

anot her material such as anodi zed al um num For instance, the ceramc

mat erial having the slot 55 therein can conprise any suitable material such
as slip cast SiC coated with C/D SiC, bulk C/D SIC, sintered SSCwth or

w thout a CVD Si C coating, reaction bondgd Si C, graphite conversion SiC, or
the like. FIG S shows details of how the inner 10 support frane can be
fitted aroundcémdaued o behly linfied t6 wheparticilosnibodinments discuksedh OPs, @an be
configured in a simlar mapner. In or‘gg‘rc to Erev,ent a,line of sight between

the wafer 6 aRRPveriescribsdgmpodiments shoul 4 agilustiative fotherthgBs 56 whi ch
interlock Wit Resilive Car@4EhiduRibe '&e&&h&hlﬁﬁaﬁ&ﬁn&gcwmdaiﬁ' 6. As shown
in this alternative enmbodi nent, (’i_jﬁze_ 15 chanber 58 can havéﬁggl ygonal

i nner sur f aceembodimients by workess sKilledsinthe axs ovithout departing Ifiom thefscope ofthé aces 60
of the chanber a . ri n Ly _conductive el astonmer. Such
an arranggrrenprﬁlgés/ma Vglﬁfig%sedgﬁgé‘#%?ﬁg?ﬁwngg{sm eéwer parts than the

tilel backing plate arrangenent and allows |iner renoval for cleaning and
repl acenent to be carried out nore quickly. 20 In the foregoing
enbodi nents, the plasma in the chanber can be confined



by the Si or SiC surfaces of the gas distribution plate, the liner, the
pl asma screen and the substrate support which extends upvvardl’fi'f

i nner periphery of the plasma screen. Because the Si and SiC surfaces
| ocat ed beMﬁ?,QMype pl asma and al um num surfaces of the chersjnsgsputtering
of- the Al surfaces by the 25 plasma is mnimzed and contam nating
processed wafers with Al is reduced conpared to chanbers having Al surfaces
with line-of-sight to the processed wafer. In the enbodi ment wherein the :
liner conprises Si or SiCtiles bonded to an al um [ te by an
electrically and/or thermally conductive el ast oner Tm”ﬁmﬂ@iﬂg@#“
material, the tiles can be sized and/or"t?Onfigured to Tei it n a
manner whi ch yers the entire circunference of an inner wall of the plasm

chanber. The jer wal | can be of any desired configuration such as
cylindrical, pol ng.na|Apﬁ’sxﬁapﬁc&t&iﬂg@k&m&ﬁ@ﬁﬁ&r%k%ﬁﬂié&ﬁu&@ﬁsage of
I ndi vi dual 5 wafers 1nto and out of the chanber and additi onal openi ngs

can be provi dupsTYEHEQRTISING | ous measurements to be nade by conventional
Fect angul ar sur fackPRaff fRteqliiy dahbathaolY R HRBor A% bR 608 1UF 7 12
exposed siirf acleambler sidewidll;| es can be : B
a substrate support on which a substrate is processed within the interior
space, the chamber sidewall being spaced outwardly of a periphery of the substrate
support;
a gas supply through which process gas can be supplied to the interior
10 space during processing of the substrate; -
an energy source which can energize the process gas in the interior space
into a plasma state during processing of the substrate;
a ceramic liner supported between the chamber sidewall and the periphery

of the substrate support, the ceramic liner comprising an assembly of ceramic tiles.

15 2.  The plasma processing system of Claim 1, wherein the ceramic liner

is supported by a resilient support member comprising a bendable metal frame.

3. The plasma processing system of Claim 1, wherein the ceramic tiles

have interlocking edges.

.20
4. The plasma processing system of Claim 1, wherein an elastomeric
joint attaches each of the ceramic tiles to a respective metal backing member.
5.  The plasma processing system of Claim 4, wherein the metal backing
25 members are supported on a bendable metal frame and the bendable metal frame is

supported by a thermally controlled member such that heat can be withdrawn from

the ceramic tiles via a thermal path which extends through the elastomeric joint,



curved such that the tiles forma cylindrical inner wall of the chanber. 10

In the enbodi ment wherein the tile and backing plate assenblies.are bglted

to an Al inner support franme which extends around the inner wall of the.

chanber, twWeomdrial stresses rj ng start-up, PEPHESUVEAE and
shut -down of the plasm cha%eﬁiﬂﬂt@”@nﬁmat ed. The nunber of SiC
tiles can be chosen to achieve ! A on part and/or bond stresses
generated due to thermal. 15 forces encountered in the plasna chamnber.
In the enbodi nent wherein a | ower flange of the inner support frame is
bolted to the | ower edge of an Al outer-t8upport frame and a flange at the
upper edge of the outer support frame is bolted to a top plate | ocated on
top of the cheheietal badkingmembers ampthe bendableanersframt tonhethemudliycal | y
extendi ng pl ates geparated 20 by slots which extend fromthe | ower end
of the outer %‘I?HB@?‘{)‘“F e to the top flange. In order to provide
tenperature control of the SiCtiled surface, a heater |ocated above the
top flange of the inner support franme can be bolted to the inner frane.
Wth such an arran@enehhe plasme precgssing systemoef{daim b whesgin e ceramie tileser mal | y

et ©% | o offeitdfald Wi the SHREY fiadvaly dubidslfind SO kB ath Gle > © 11 &

The 25 heater can congprl se sin resi stan eat er | ch ext ends

entirely ar oucstamivailesandrthecHambef sidéveallchanber. Al ternatively, the heater
can conprise any suitable heater arrangeneht which achieves the desired
tenperature control of the liner, e.g., maintaining the inner surface of

the liner at a desyredrieqHifiadfrodessift/§ttefifofl Claim 1, wherein the ceramic liner
is supported by a resilient support comprising a bendable metal frame, the
bendable metal frame being supported by a ﬁxermally controlled member such that
10 heat can be removed from the ceramic liner through a thermal path extending
through the bendable metal frame to the thermally controlled member.

8.  The plasma processing system of Claim 7, further comprising a heater
supported by the bendable metal frame such that the heater can heat the ceramic

15 liner.

9.  The plasma processing system of Claim 7, wherein the bendable
metal frame includes a segmented inner frame member and a segmented outer
frame member, an elastomeric joint bonds each of the ceramic tiles to a respective
segment of the inner frame member, the inner frame member is supported by the

20 outer frame member, and the outer frame member is supported by the chamber.

10.  The plasma processing system of Claim 1, wherein the ceramic tiles

consist essentially of CVD SiC.

25 11. The plasma processing system of Claim 1, wherein the ceramic tiles

consist essentially of sintered SiC coated with CVD SiC.



-13- the range of 80 to 160C during plasne etching of dielectric 'rrat_erl al s
such as silicon oxide. The chanber can include a plasma screef&ifsiaun: i
the substrate support. The annul ar-screen can be attached to a " ring

by -any suiwell/z24n t echni que i nstance, the screen wamudseagesi vel y
bonded to the carrier ring by I a’ Hgﬂugmd: [rgdmtateri ?I di s]fc::Jssed
olted to a | owner ange on

earlier. In addition, the carri
the inner frame such that the screenis clérrp'ed bet ween the carrier:
and the flange. The screen can be of any suitable material '
w thstand a plasma environnent for sem (ignductor production. Silicon 10

carbide is a preferred material for the'Screen. The screen can conprise a

single unitary ring 2 i n eqment.s For

i nstance, the scr een can Pi | h}eor&c(slmﬁ% Wi erenF?az‘ﬁl h e@%ﬁ‘%ﬁfﬁ"ﬁ‘

In the enbodi mmwrmﬂrbyarreslhenmippbmmnweauaf:ﬂﬁs’mgimnai indadiﬂerQHétalCﬁ-axﬁé‘e

chanber throu Iﬂs Ort‘?ls‘:?‘b ‘f’dlﬂt{]’e ] nd outer franes include
[

cut-outs 15 °'§1§ SHEssehen the seramie linerrandged such
that smal | er melﬁamaﬁmm @vuetda@mﬁhsda:eamidngweran&ﬂ be&.egra‘ima QA(c%sJugF sl ot.
The interior of the slot can be formed by a wafer passage in

preferre05 mat $¥1€@- for the insert is silicon carbide. The insert can
conprise a single piece of material or an assenbly of '

13.  The plasma processing systern of Claim 13, wherein an upper
portion of the outer frame member is supported by a thermally controlled part of
the chamber, a lower portion of the outer frame member is attached to a lower
portion of the inner frame member, and the ceramic liner is supported by the inner

10 frame member.

14,  The plasma processing system of Claim 1, wherein the ceramic liner

includes a slot therein for passage of the substrate into and out of the chamber.

15.  The plasma processing system of Claim 14, wherein the tiles are
15 arranged above and below the slot and the slot is in a wafer passage insert attached

to the liner, the tiles and insert being of SiC.

16.  The plasma processing system of Claim 12, wherein the inner and
outer metal frame members are cylindrical and include continuous upper portions
20 and segmented lower portions, the segmented lower portions comprising axially

extending segments separated from each other by axially extending slots.

17.  The plasma processing system of Claim 1, further comprising a
ceramic plasma screen extending inwardly from a lower portion of the ceramic
liner, the ceramic plasma screen including passages through which process gas and

25 reaction byproducts are removed from the interior of the chamber during

processing of a substrate.



several pieces of material. The nedium height tiles and short tiles are.
preferably 20 adhesi vel y bonded with the elastomer to simlarly sized:

backi ng plates which in t ed. to the inner fra According to .
the enbodi WEH271t he |nvent| %M%ﬂuﬂ m”’ f-sight surfAMSR288,| uni niim -
conponents are avoi ded by cov s with the SiCtiles, the
edges of the tiles are preferably deS|gned such that t hey overl ap each 25
other. For instance, the tiles can have mating edges wherein a projection
on one tile is received in a recess in an adjacent tile. This effect can be
obt ai ned by any edge design wherein a ré®tilinear path is not provided

bet ween t he opposed surfaces of the tile. Thus, a_mating curved or

mul ti-sided edge sdBf acEheplasma procgssing systgm of Claimkde Whereith the saramiy shaped,

gr oove- shaped f &ianﬁ rovide the
desired mati n&"%g?‘%'(éaég‘gg%% aidnct%gﬁ)féc I gm%@t&se%ﬂ Q{?s &gﬁ@m nataigl

| i ne- of - si ght ahmulad spaéehetwaenﬂunhmn’bs sadmt/aﬂand)mmdbmmdhubﬁm,ethél al thernal
expansi on/ contracti on of. startup,. . operation
and/ or shut dO\Bﬁssﬁ$°st°H@pBF‘3% ‘sr‘étﬁﬁ ‘Bg 'T“Hgflgﬁi %FMF@% -heat er
and/or plasma ion thermal energy deposited on the t| les is thermally

conducted by the inner frame, through the el astoner bond, up the outer
19. The plasma processing system of Claim 17, wherein the ceramic

plasma screen is attached to a resilient support member by an electrically
conductive elastomeric joint, the resilient support member comprising a bendable
metal frame and the plasma screen being electrically grounded to the bendable

10 metal frame by the elastomeric joint.

20. A method of processing a substrate with the apparatus of Claim 1,
wherein an individual substrate supported on the substrate support is etched with
plasma produced in the chamber.




frame and into the chanber top plate. Due to water cooling of_the.lon.
vi‘d'cool-ing channels, the heat transferred through outer frame* suFent
fromthé 10 chanmber. During processing of sem conductor substrates,
tiles can KRy dipehgated by the heater before plasma is germarmvsaordsss t he
chanber. For i1nstance, the tiles can,b 6heated to a desired tenperature by
the heater and a thermal control sysge can be used to adjust the heater .
power to neintain the tiles at the desired 15 ' tenperature. Afterplasig.-: -
is generated in the chanber, the control system can autonatically reduce
the heater power to maintain the desired tine tenperature. Further, the

t hermal i npedances of the inner and/or outer franmes can be adjusted to
achieve the desired range of tile operating tenperatures and limt the
heat er maxi num t enperature. 20 FI'G 7 shows neasured tenperatures
at the inner support heater flange, . the inner support |ower flange, and the
tile backing plate during plasma etching of a batch of seni conduct or

wafers. The 2[err].C tenperature oscillations resulted fromvariations in

pl asma i on energy during an etch cycle. The tenperature set point for the

| ower flange was 100[err]C. 25 During processing of sem conductor
substrates such as plasma etching of silicon wafers, in order to-mnimze
deposition of polynmer from gaseous byproducts produced during the etching
process, it is desirable to maintain chanber surfaces exposed to the plasna
at tenperatures of about 80[err]C to about

t he
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160[err]C, preferably 110 to 150[err]C. In addition, such tenperature
control of these -15- surfaces provides reduction in processing drift
during squﬁ?&i ,nprocessing of individual wafers. According to a preferred -
embodi ment 0 € arrangements shown in FIGS. 1-7, prior PETUBMO2368g 4 - -
plasma in the chanber, a resistance Rehter heats the ceramc liner by
thermal conduction, i.e., heat fromthe heater passes 5 t hrough a
resilient Al frame to the ceramc liner. In such an arrangenent, the heater
and part of the Al frame in contact therewith may heat to around 300[err]C
in order to heat the ceramc liner to around 150[err]C. The resilient Al
frame conprised of the inner and outer franes allows the part of the Al
frame in contact with the heater to expand relative to the portion of the
Al franme in contact with the ceramc 10 |l i ner and thus accommobdat e any
bendi ng stresses on the internediate part of the Al frane. In order to
provide highly pure and/or highly thermally conductive Si C conponents, such
conponents can be nmade of CVD SiC. The QUaSIi C can be deposited on a
substrate such as graphié nd grew d thi ckness after 15

i i Qe AT oSyt LL RSN O i
whi ch the substrate |s|{ngnv 5ﬁ§ﬁééf"‘”‘:%§§$§\ For exanple, in the

case of a cylindrical //”, SN to a desired

i )

t hi ckness on a graphite




cylinder and the graphite cylinder is |ater machined away | eavin
Si C.cyli'nder .l'iner. Advantages of the CVD Si C-include high tfigfis

conductivity (e.g., CVD SiC has about tw ce as nuch thermal conductivity as
si-ntered $ydoi2ed 20 tailored electrical resistivity (rcTgUSo0/24869 Stivity
of SiC can be varied fromelectrical]y §onducting to sem conducting). An
advant age of using CVD SiC for the reactor conponents is that it is
possible to obtain a highly uniformtenperature distribution across the
surface of the conponent inside the reactor. In the case of processing:
wherein the conponent is nmaintained at a high enough tenperature to
mnimze 25 pol ymer buil dup on the exposed surfaces of the conponent,
the use of CVD SiC is highly advantageous fromthe standpoint of
tenperature control and mnimzing particle generation. The foregoing has
described the principles, preferred enbodi nrents and nodes of operation of

the present invention. However, the invention should not be - 16-
construed as being limted to the particul ar enbodi nents di scussed. Thus,

t he above-descri bed enbodi be regarded as illustrative rather
than restrictive, and it Zhould be ciated that variations nmay be nade
in those enbodi nents by rkers ! n the art w thout departing from

t he scope of the

S0

'\'

=~
S

447 42 38 52

FIG.3



5 present invention as defined by the follow ng clains. -17- C
1. A plasma processing systemuseful for processing sen condu€Fer # &«
substrat es 5 Ng: a plasnma processi ng chanber havi ng ' rjor space -
bounded byvgggﬂﬁkﬁchanber si dewal | ; ? ?ubstrate support oﬂéaﬂ#@ 8 o
substrate is processed within the inffe ior space, the chanber sidewall
bei ng spaced outwardly of a periphery of the substrate support; a gas
supply through which process gas can be supplied to the interior 10

space during processing of the substrate; an energy source which can
energi ze the process gas in the interior space into a plasma state during
processing of the substrate; a ceram c |liner supported between the chanber
sidewal | and the periphery of the substrate support, the ceramc |iner
conprising an assenbly of ceramic tiles. 15 2. The plasma
processing systemof Claim1l, wherein the ceramic liner is supported by a
resilient support nenber conprising a bendable netal frane.

FIG.4




3. _The plasma processing systemof Caim1l, wherein the ceramc tiles have
i nt'erl ocki'iig edges. 20 4. The plasna proceSS|ng syst enyof ‘C-% lﬂ@ e
an elastonerlc joint attaches each of the ceramic tiles to a respective =
met al * backiW@oM®4Hler. 5. The plasma processi ng syst em of PCTAISAV2U868 her ei n
the netal backing 25 menbers are supgorted on a bendable netal frane and
the bendable nmetal frame is supported by a thernally controlled nenber such

that heat can be withdrawn fromthe ceramic tiles via a thernal_path wiith

extends through the ric joint, -18- the netal backlng Tenber &
and the bendable ftal f ; er. 6. The
pl asma processin ) aiml, are
bonded to the chpmber wal | b L en gacl} of the
ceramic tiles and the nber 4 ; = pl asma process} ng system of
Claim1, wherein cergim ¢ ortefl by a resilient] spport"
conpri sing a bendablje bendabl g netal frame b |ﬁg suppor t ed
by a thernmally |1 ch that _
48T | ' 34 34
34
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10 heat can be renoved fromthe ceramic liner through a thermal path

ext endi ng through the bendable netal frane to the thermally controll ed ~ ¥~ &

menber. 8. The 'Pl asma processing systemof Caim7, further conprisi ngra -
heater suppBM#d'hy the bendabl e netal frame such that theVHEURHBcan heat *.
the ceramc 15 liner. 9. The pl a$mh %rocessing systemof Caim?7,

wherein the bendabl e netal frane includes a segnented inner frane nenber

and a segnented outer frane nmenber, an elastoneric joint bonds each of the
ceramic tiles to a respective segnent of the inner frane nenber, the inner
frame nenber is supported by the 20 outer frame nenber, and the outer
frame nmenber is supported by the chanber. 10. The plasma processing system
of Claiml1, wherein the ceramc tiles consist essentially of C/v/D SiC. 25

11. The plasnma processing systemof Caim1l, wherein the ceramc tiles
consi st esse igE' ly of sintered SiC coated with CVD Si C -19- 12. The

pl asma processifjg systemof Claim1, wherein the ceram ¢ liner is supported
by a resilient qupport nenber conprising inner and outer netal frame
menbers configurfed to allow differential thermal stresses on the ceramc

i ner and
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the frame menbers to be accommpbdated during operation ‘?Biﬂ{]g lasma
processing 5 system 13. The plasma processi N ¥ystem of Tai m 13
wherel n ah upper portien of the outer frame nenber is supported by a
thermal |y controlled part of the chanber, a |ower portion of the outer
frame nenber is attached to a | ower portion of the inner frame nenber, and
the ceram c {1 MEERNATIQNALASFRHICHTIGY PYFIASHED INDER FHE PATENT, COOTERATION TREATY (POT) o
pl asma processing systemof Claiml, wh the ceramic liner includes-a -

The. pl nomm B oces s smor G o1 (GO <A W il

The pl asma processhegakysBeamof Cl ai m :
g0t is in a wafer passage insert

arranged above and bel ow the sl ot and

attached t o t [43) Intemmationat Publi¢atiore®atand i nsert bei n{iOnteSjaipnalBblicatippNuynibes na
processi ng syst2Maxch 2001i(28.082008her ei n tRETI nner an¥WEIGH/ 22471 Akbne
menbers ar ' ' ' ' '

e—ey-re-eatb—aneg—t-retude—coRt-HRtOUS—HPPer—Pert-oRS—20——aRd—
segnent ed (5B\ieterational Batom Slassifidation’; e g BT 8TU33 o () Inyomsertsieshs conpr i Si ng axi &l | Y
H ) H »

extendi ng sedf¥nS? separated from each ot hEP Yt o K D

17.  The PhiSiNbmdbRtGRidiNeys! ShorRisohads M 1, sudd] €A Slioss QUEpT BN, R6edTA.C

pl asma screen extending inwardly froma | owerm Q9 Edrd WHOCuBtinG KA 05014i(US)r |

t he cer am @2 JhtersnipeabBiling Pate:ii Nncl udi ng passages Herpig, SHUHPHCBE Vickjtars Deivend

25 reaction byproduct st SPEe2RNRAPIR M t HETPHIDB BT U t he chanmber
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-20- 18. The plasma processing systen1of“CLQLn1%7 m@erejn the ceram c
pl asma screen is of SiC and conprises” a iigral tys .%%egnents suppor bedﬁ‘
an annul ar space between the chanber sidewall and the substrate support’y’

t he passages conprising slots extending radi al

sidewall. 5 19. The pl asma WQOQ®BEZ247EyAtlem ommhﬂmlmw Iﬂmmﬂiﬂmﬂlﬁw
ceranmic prasma sCreen 1s attached to a resiitent support nenber by an

el ectrical |y i lDiNt h r ¢
conpr i si ng aq&%’&%g%ﬁifﬁﬁk%ﬂﬁ "t‘ﬂ a&fwﬁ‘mﬁc%i}_m :ﬁﬁ&%& % y
gr ounded to t he bendabl e 10 met al  f r anBndageath Rguaelstey mrRET Gezete.0 Nt .

A net hod "W"qg%sds strate with the apparatus of Caiml, V\/nereln
an indi vi dua t orted on the substrate support is etched with
pl asma produced in the charrber




