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PLASMA ETCH CHAMBERS AND METHODS FOR MAKI NG THE SAME BAGKGROUND OF THE
INVENTION 1 1. Field of the Invention 5 The present invention rel at
general |y tWO#HB48labri cati on of seniconductor wafers, and, &6l @599/20890
.particularly, to high density plasma etching chanbers having |ining
materials that reduce particle and netallic contam nation during
pr ocessi ng) mm fipiged chanber lining structures. 2. Description of the
" Rel ated Art w m (ﬁmﬂmmmat ed circuit devices continue mmmmlmmwmm bot h
their physi cal %)g, »and their operating vojtages, thei
manuf acturing yields become nore susceptible to particle anghs@etallic
impurity contam nation. Consequently, fabricating integrated circuit

devi ces havi ng I i i i the |
_ particulate andfﬁg{/ﬁ%@ﬁﬁﬁt@%‘ﬁﬁﬁ%ﬁf@@émM%\’z‘%"&i@fﬁﬂ@%‘%ﬁ to
15 be acceptable. |In genergip METHODSFORWIAKING THIESWREOr ated circuit
devices (in the formof wafers) includes the use of plasna etching
chanbers, which are capable of etching sel ect ed |l ayers defined by a
phot or esi st mask. The proce gured.to receive
processing gases (i.e., etc er Stt1€ At H LYERLION frequency (RF)
power is appl |13d toFf%ﬂFoP{herm@@n Ednectrodes of the processing chanber. The
pressure inside the processing chamber is also controlled for the
particul ar5 pr ocess. Thippiesapphvention tdisted gaieradly tRl'f'hq)ﬁl\bﬁf:aﬂ(ﬂl éfhemidonabsode(s) ,
the process gases in the chanber are activated such that pl asma is
created. The pwafera ain@ mntfspaéawliirgbbrt@dnglbdeﬁéﬂ Blagmg ﬁ@hHBsthﬂ@@e'étf@ngg of

th | ected | 19481 -2.
PCT/ Usos 20800 TSI A EChaRAGHE Mo BlnuaminffyE U Progi Sineng
mat eri al s suchySas§bdidte® Bhaticd emirpesiticiess. r el ativel y high energies to

achieve the desired etch result, conpared to other filns etched during
fabrication. Such S|I|con OX|des i nclude, for exanple, thermally grown

silicon dioxide (Si S P USG 5 (undoped spi n-on-gl ass),
LTO, etc. The freed %%C mt‘QH Oéﬁg?g ??‘f?&ns fromthe need to bonbard and
break theygtrong bog megralfeh%mémk EABes oAy dol MBinR R bthi tH&r 5H§ﬁéa@

reactions to formvolatiTe etch products. These chanbers are’t ore

referred to asardnihgin ogerating yolages etheir absochisdireasificturivgt yiaide beeqmabmereof
produci ng hi gh pl aspa denS|t|es in order to provide a high ion flux to the

waf er and achi 8seeptidleogirtale and gerlicmpugify gopdamination, ggnsequently,

fabricating integrated circuit devices having smaller physical sizes requires that the

level of particulate and metal contamination be less than previously considered to
15 be acceptable.

In general, the manufacturing of the integrated circuit devices (in the form
of wafers) includes the use of plasma etching chambers, which are capable of
etching selected layers defined by a photoresist mask. The processing chambers
are configured to receive processing gases (i.e., etch chemistries) while a radio

20 frequency (RF) power is applied to one or more electrodes of the processing
chamber. The pressure inside the processing chamber is also controlled for the
particular process. Upon applying the desired RF power to the electrode(s), the
process gases in the chamber are activated such that a plasma is created. The
plasma is thus configured to perform the desired etching of the selected layers of

25 the semiconductor wafer.



Whi |l e high density oxide etch chanbers work well in etching the desired
waf er surfaces, the internal surfaces of the etch chanber are al so

subjected to the high ion power. Therefore, material fromt i I
surfaces oYOtfe%8l ch chanber is renpved as a result of the %@%&ﬁ%ﬂéﬁdmnt

by either physical 15 sputtering or chem cal sputtering, depending on the
conposition of the material and the conposition of the etch gas.

Recogni zing that the internal surfaces of the etch chanber are exposed to
"the plasma in high density oxide chanbers, chanbers are now designed to
permt the use of sinple lining parts, sugh as, disks, rings, and
cylinders. Because these 20 parts are configured to confine the plasnma over
t he waf er being processed, these parts are continuously exposed and

par b5 ul 11 vt oy, of QR & gEeatie FARE that il HOhBETRAME ol iooC o

or thorough ciipesti MadestequiresalelayivelslHiglperer gievweadchivnt theoddshred Rhesdlfat t hey
are no | onger usable. These parts are hence referred to as 25 "consumabl es.

" Therefore, ¢dmpanred protherstilnstasehedeluring Jafication.h Such siliceroexidesfinglude, for
consumable is high (i.e... part cos rt.liteti a t parts are
consumabl es, _?’ia“ﬁ’%e’gfb%‘?‘?%‘%gé"%”{% Sﬂlﬁééag%%q‘ea@é@s’tﬁge)sa g&r é?ggt to the
pl asma ener gi g.l%d%[y@?l' Hh-Bhlslashnemes, @@ TRIHER fob RighQobreids didlfs froM@nP011 9481
PCT/ US99/ 20890 -3 consunable. Prior art attenpts to reduce the cost of the
consumabl e haneeditobombed! arsinbreacthersinogg bbadseofpbe siicdnm axida films anthdixé de
(A1200 and quartz nmaterjals. Alth?u hf#gese mate]ihial s are sonewhat

t

resistant to EheENeH 1e3pHOBHI foragyolatl RIQHURS; tLhess chpmberspredheaioss s, the
hi gh i on bonb Yok J1€1 ki i dD@&h ¢} j ihg | evels
of contam nat I&g%?%{;&g&g ki ar%@%@g%ont %m’tcﬁglgllg%rg\’ \gﬂ%fs‘{rrrg? %{%Blleg&&%g@%

cont am nat i onjigh p@dsnardenbidssin drder mqurepidablhigh arflusxanm eaferfand henisw f ace
of the consumable part is_ alum numoxide (i.e., alumna), when the plasm
bonbar dsl@ he Bighfetebgrgtes af [ BYRTRFICShe rel eased and then will mx in with

R G S R L
et ching and ogafed@uiFatel aheInternal surfaces of the etch chamber are also subjected to the
high ion power. Therefore, material from the internal surfaces of the etch
chamber is removed as a result of the ion bombardment by either physical
15 sputtering or chemical sputtering, depending on the composition of the material
and the composition of the etch gas.

Recognizing that the internal surfaces of the etch chamber are exposed to
the plasma in high density oxide chambers, chambers are now designed to permit
the use of simple lining parts, such as, disks, rings, and cylinders. Because these

20 parts are configured to confine the plasma over the wafer being processed, these
parts are continuously exposed and attacked by the processing plasma energies.
Due to this exposure, these parts ultimately erode or accumulate polymer buildup,
requiring replacement or thorough cleaning. Eventually, all parts wear out to the
point that they are no longer usable. These parts are hence referred to as

25 "consumables." Therefore, if the part's lifetime is short, then the cost of the
consumable is high (i.e.. part cost/part lifetime).

Because these parts are consumables, it is desirable to have surfaces that

are resistant to the plasma energies, which will therefore reduce the cost of the



of the consunmable parts (i.e., chanber liners, covers, and the |ike). Wen
thi s happens, the polynmer on the surface of the consunable parts nay not be
able to be conpletely cleaned during a conventional in-situ plasnma clean or
"ash" stepﬁ”qaagﬁsh friable, flaking filmor powdery coatin§CTREPYIHY udes
-C, A, O and Fis 15 left behind after the in-situ plasm clean, and
therefore results in high particle counts. The al um num deposited in
~structures being etched and the filnms on the silicon wafer can cause
degradati on of devices subsequently formed, for exanple, by increasing

| eakage current in DRAM cells. As nentionegd above, quartz is also used as
the material of the interior 20 surfaces of the consunable parts. However,
" quartz surfaces have been found to be an unfortunate source of particles

d he | h LVi he hi gh hr i

high densty iR, BEOF A alrtinbl 6 el oB 6k b0 Eomultiinfrite e "

conduct i vi ty GHafufdnifdpeteseUiar 8 Georh QG R WxRIeQAND, Phndd aﬂi‘?ﬁzﬁeﬂ?ﬂg_t s very
a

difficult. This results in large tenperature cycling andu I ng of the
etch 25 pol yneklthhugh shese shagrialhare sampwbat rgsisaniciodhaplasmibkrerpizs { @, higind

t herefore causgs .the .unfortunate neration of contapinating particles. A
further di sad\p;m‘g'g@“g‘f aﬁfﬂﬁﬁ?@%ﬁ)’%@ﬁ% 1gn 5’8?’&’%”?‘?11{ H])éfhetmésmﬂ bastBe¢ch rate
in high densi tgsuerdidteoehioledisg lev¥® P @odddRatibirtd B'S arfi 0
cause pitting in tﬁe %ﬁ%rtz}ﬁ%ﬁich t hen reSJlgz ?ﬁ%§%§$$?ﬁﬁmﬁ¥ﬁ§ﬂg§F§
particles . | mataléiwimputifyeohtamagasiony hat herlessi tharnacepeble o rEdrieghmpie N i thy

pl asma processi&g chanbers ham n%ic.on?un_abl e parts that are nore resistant
to erosion anduEacs aftthe gorsumanieRash 1§ JIUTFRIRAXe G .6n Alemina), whentthe plasmand

metal lic inmpurjti fer: I cessed.. There |s also a
need for COI’]SLIIJF?B. b?g}sﬁgér P@%S%&@%‘@w&?gﬁéﬁ%é%f& p[ﬁ%g%%ﬁgﬂﬁll’? Wé‘git s, and
that are capabifnffthi liddSbavdine gvafanpsumd of BisvaiimtuhDPB& ot ERbRIRUSALLNY
damage to the consunmable parts. SUMVARY OF THE | NVENTI ON 10 The present

i nvent i oA0fi | losgaiepdymerthat isydepputed dinihe wafgssluging etchingrandoinl thel suifanes
contam nation, :hi gh etch resist.ant onfinin arts (i.e., .
consunabl es) fo&rﬁ’%%oéls‘llrﬁa Y érr%;ah%r' ’o%hé@lsb.%?]g% %rﬁa?‘fﬁlgfss .agﬁi 9’%‘%&1 :W s this

appreci at ed t happdnbethppRSYr onHE BirfRR of A Afshiibbie PBAS £y inbt 9@5@&?&& ways,
including as a process, an apparatus, a system a device or a nethod.

Sever al i nventcpmplegath sltknesdrdusingfa ¢qneentongl swt plasmaceicaoor “aske” stescri bed

bel ow. In one _enbodiment,. di scl.osed is,a plasma pr.ocessing chanber

i ncl uding an el émarﬁéra%gmf@ﬂ%fl&‘w ?ro[?(’w&ﬁr%g??dmﬁ tbxﬁf‘_%"rl? esrich ’Wa\ﬂ’r?@d_(ﬁ)ﬁsunabl e
parts thay ar %fbb&hhdagérqhe iE§ihspiaitha cﬂeﬁ,%n@%ﬁ"@f&%pésﬁléHllﬁglgﬁ&@itcleng
contam nati on and can be tenperature controlled. The consu e parts

i ncl ude a chawcbents.| Theriumivamglepost@d limsrEnctsngp peing ewhed and therfidms onahé t hat
is configured to surround the electrostati ¢ chuck. The consunable parts

al so include &'licPR&atel £3psayse degtdpiigneohdayices subseasatly dxnmeds fasrexarmpte. exi bl e
wal |, and an 1.Q0. £ 11K ) Il is configured to surround
Swl{?ﬁ&efsﬁgﬁéﬁka‘g&ﬁﬁ% ih I%\J%]Sel 9

an external face e of the chanber liner, and the liner support

flexible wall is spaagehtipead hbdvepquartyeisadolused ad the rediaiQF thd Mkior The 25
| ower extension of the liner support i s however, configured to be in direct
t her mal €8nt acurfages iof theecongiiaible Dyor Howevar avares surfaseschaaatbeen foundto be

ont i gur ed 1o BTt sohsicl pREiclesthe S fdB LB Beielidiy Shaue. o
and the high etch rates in high density plasmas used to etch oxides. Additionally,
low thermal conductivity quartz makes surface temperature control of these parts
very difficult. This results in large temperature cycling and flaking of the etch

25 polymer deposited on the surface of the consumable parts, and therefore causes the
unfortunate generation of contaminating particles. A further disadvantage of

quartz consumable parts is that the high etch rate in high density oxide etchers



thermal contact with the chanber liner and the |liner support. The baffle
ring defines a plasma screen around the electrostatic chuck. A heater is

t hen capable of being thermally connected to the upper extepsi e
liner suppd¥Q9¥B#8% hermal Iy conducting a tenperature fromt Eglrfla]:g%éegrosésohupport
to the chanber liner and the baffle 5 ring. Also included is an outer
support that is thermally connected to a cooling ring that is coupled to a
top plate of the chanber. The outer support and the cooling ring are

" therefore capabl e of providing precision tenperature control to the chanber
liner, along with a cast heater. This preciétsion tenperature control
therefore prevents tenperature drifts, which therefore advantageously

enabl es 10 etching a first wafer with about the sanme tenperature conditions
as a last wafe ; f i : i ncl udi ng
t he chanber IiF\e(gfié gbn utgﬁgﬁ%égﬁtgérhig%éﬁg@g&ng%g&%sgggﬁ@?{%e?o a%)lr% coat ed
wi th a materiaparsieleected fromsilicon carbide (SiC), silicon nitride

(Si 3N4), boron carbide (B402! and/ qr boron nitrjde (BV\%e material. In this
manner, these nater iaVisw offhe faggpingdhars is @ neerbfos highydensity plasma |psagessing
sputtering, wl]l pr v i I t . S I simlar
to volatile et 8‘%‘“8‘%"%%5%5‘%2 g‘% 05}6‘%@8 Qﬁﬁg #ﬁdréﬁ{ehtgg%t%ﬁlgtﬁgwéfe&%é# gézdexﬁsg;énr s of
the wafer.sln gnighligihg eoRecinaeoh (c.8., Paniole iahdéungic Ghpiiaess) bawengafer
consumabl e parts is disclosed. The consumabl e parts include a chanber I|iner
havi ng a | ower surigses being Dresessefl ol heris 15y pagd e eansygpble Pars farusedunds a

center of the plaspa .etching chanmber. A Linper supporf that j.s confiqured to
surround the CEMSI& ﬁlégn_ngwprebcﬂl%rgr agdul%g?rte Ciagﬁj_?%gi W-&Fﬁ%ndd%}?g&e&%ﬂ&eo t he
| over support $&6kida8 wiile ihvealiAdTBShadel (B8ke caR@mhblR@arisuUPPOrt further
includes a plurality of slots that divide the |iner support into a
plurality of fingers. In a preferred enbodi ment, the chamber liner 25 is

O

made froma material selected fromone af a si 0..cabide (SiC) material,
a silicon nitride {Si3N4) natetyMME INYEXT P.lg material, and a

boron nitgide (BN) [@des oy :;; - -. - m num
ot or a1 1 “Vg 001 1835 DresEhidHfigh €5 thag e K IRBrbvidmaTBR Ber AT Btk
met hod for usi ngv comamimtibe, high tish fremistas epliasma chifglinglparss (). ,doasurpatdésyhi ng

chanber is disclosed. The nethod incluydes use of a chanber |iner froma
material sel ecf@dsEribRIASHA PHICCESIRG PSRRI alt shendd beiappregiated thafthe gresenti con

nitride (Si 3Na .eri.al r.hj 1 al, bor on
nitride E BN) mlﬂvgﬁﬁtl(glf !.:ﬁlrl??e&(}] 2%7%@?&:?% lﬂl‘g?e ?%‘gsr%%)as\’/gﬁ gﬁ\}\lllé%a +S g %%e§ug?ounds a
pl asma regi on @ppdrivas Cheysteat, aadediod dr@WREhS P BevdralSiavdntion embbeginigatsd withe an

include use of an alum num liner support optionally having a | ower
ext ensi on}5 a f proseislivvension agndesenbadisdew ext ensi on wherein a plurality of

slots are provided in the flexible. wal d | ower. ext ensi on of.. t he

i ner support o endphd EreoftikE; SibBict BATE e G EEhEEPL R Biink %
tenperatures. TRerfRIMOhueR ForaAdihY alwiGtdas hwﬁﬁ%%ns@nﬁﬁlfefﬂaﬁs thdl ArOf
silicon carbide (SiC), silicon nitride (Si3N4), boron carbide (B4C) and/or
boron nitride hEN)y etdh pésintaiti legs suscepribleso ganerbengeaniimipatiomandendwf f1 e ri ng
to define a plasma screen, 'Il'h ﬁﬁt hod cagllei ncl ud her mal cgntrol .of the
chanber |iner {GBPeaprrecoRtolleh e hhg RORsHEROIEPATT inrlyded (3BIbET AT hayingshr £ | e

ring. 15 Agcordli dhag WallOhat' B €oAfipiFEd | I essi ng
chanber iggl udgds\p% S@ﬁ%ﬁgg% ﬁner anaé1 aall?ngr su%%gfﬁﬁfroﬁﬁgtﬁﬂgﬁtﬂ{ss%%gort
i ncludi ng a fl exudW. eTedtdnsamatile gateass mchuderadined seppoexdimrcnat having adewef t he

chanber liner, the flexible wall b&i ng spaced .agart fromthe wall of the
chanmber | i ner. eF6RsipRrhBedble yrally apd ap Bprarfrasignuidedsxibie valins comigurgder | a

. heater can be E@?Jr@é{dy C&@?ﬁﬂtesﬁ aéeoofztge mﬂ dfitlf%él{aa‘leb@fgﬁﬁér 2fd ﬁr%r

thermal | y conduc rom I ner support anber ['Iner.

Al t hough any syighpvhl BexTBE &vallalk Spad apart Goadiht avall dfeht tigibeantet.i ThE
support, the liner support is preferably made from fl exi bl e al um num
material 2hd t hewertexdnsion|af ke ligar SERROTHIShOMEHES icorfigused by kanvincdiregt termal.  The

liner support %8rqtacr:1ta&//ﬁ1 }ﬁ%rllm(?/grssufpggltt%c%son o'%?trle éhna%}b%rn fifier. t)diitil)r?a)ﬁyl?laef)a}l*?eI |

ring is part of the consumable parts, and is configured to be assembled with and in




25 can include slots which divide the liner support into a plurality of
fingers which enable the flexible wall to absorb thernmal stresses and/or a
| ower extension of the liner support can be fixed to a | owe

section of MW W¥¥nber liner. If desired, a baffle ring in Eﬁ %@?{Ogggnt act
with the chanmber liner and the |iner WO 00/19481 PCT/ US99/ 20890 support
can be used to define a plasnma screen around an el ectrostatic chuck | ocated
in a central portion of the chanber. The chanber |iner and/or baffle ring
“are preferably made fromone or nore of silicon carbide (SiC), silicon
nitride (Si3N4), boron carbide {B4C), and.sboron nitride (BN). 5 The pl asna
processi ng chanber can include various features. For exanple, the chanber

| iner can have | ow el ectrical resistivity and be configured to provide an
RF path to grg i i QUL v hi.gh

el ectrical resﬁma\/c?mg%}ﬁlhbgm c?gr&?%éﬂﬂe?%&?&éﬁrfé?s@é tgt’gﬁl {3&% u%: and/ or a
pedestal s Uprfehhé‘sQa ?laglﬂﬁ Wrebn BUAD the dlect@IsROt Chgdkat A hegidt fktherl B&paBRSof
distribution plate, the 10 focus ring and/or the pedestal are preferably
made from one teingnbernaly consecsed fodbe uppgrisixepasipgio€yhe kner isgppornfar thermally

Si 3N4 b bi d d | a
g(;elnera% ed ?Lo?qqggéqﬁ{é’ﬁg’eémfl agﬁc%g ﬁ"gqn nl%‘i"f?‘#’ge“’\(xﬁ“i'\%‘}?“}gﬁa&gﬂ V’gj}a @ggﬁﬁ% es
RF energys thr%%; n%n% 19@}§déal 1§tah'otc’itétr's9§bd?{ aaratelsanangﬁg%aﬁe%ﬁedatom&m]ﬂ gS' ty

pl asma in the The RF energy source preferably conprises a
pl anar ant ennainglthet 5lantled ta:amrbpialasﬁdhef drangleas ke poec seppangarkiede conduct or
waf ers. For exa t he chanber c¢ asna et ching chanber. The |iner

can have vari cﬁ‘j’gP B NG Lf RETCHRHE ca ﬁarr?ﬁf) PrI‘FEISF’inr{%‘PP"erB‘}S%F?mBﬁﬁO thecl ude
an out er SUpporhng)Flelrlﬁ@l lil)ﬁn meacé Ejhéa?era Trﬁ%‘g{ecﬁﬁnetg %nﬂ% chitfoll 1 ner

support and t he out er supp can e I'n ther cont ac a water cool ed

top 20 plate nmeratoed Mehtbeerﬁis‘&mmeaf drlﬂ'shewlhcln&knﬁbu{&pﬂdl%ntﬁ:@@u@lb&ﬂablmI ude an
upper extension, a flexible wall, and a | ower extensign, wherein the
flexibl e iial | eehing Adirstovaser with abeytshe ﬁ‘é‘%ﬁe‘eﬁlpﬁlfaﬂ%rﬁlcpli‘i}ﬂ@ﬂs ag| dlagt Wagr. define

a plurality of fi ng[ﬁrazrgbsi c%&?rréél E&B@H&%ﬂ? febnsun abl h@l&xﬁmg ik éﬁamooer

cast heater ring c erndgl con I"I'h support,

the heater ringel Iaﬁchm@Mﬂ@nﬁgatesmm@rﬁ;ﬂate@ch@hmaﬁte&mml fAckigpt s the
| i ner support so as to therma control the tenperature of the chanber

| i ner. Accor dissigcted feomotsitieon embm (FEPh sidicor Ruride (8MN.).dwromcarbidedBduct or
iner ang  vordir tonguniid RaBoPReRet TR RS TREG el fef ERRR
support ipcl UdI'orlﬁe Bndrb Pt e $1aM8al spRREiAK WFif roduce WolaB Stoducts that are
substantially similar to volatile etch products produced during the etching of
surface layers of the wafer.
In another embodiment, a plasma etching chamber having consumable parts
is disclosed. The consumable parts include a chamber liner having a lower support
20 section and a cylindrical wall that surrounds a center of the plasma etching
chamber. A liner support that is configured to surround the chamber liner. The
liner support is thermally connected to the lower support section of the chamber
liner. The liner support further includes a plurality of slots that divide the liner
support into a plurality of fingers. In a preferred embodiment, the chamber liner
25 is made from a material selected from one of a silicon carbide (SiC) material, a
silicon nitride (Si,N,) material, a boron carbide (B,C) material. and a boron nitride

(BN) material, and the liner support is made from an aluminum material.



an external surface of the chanber liner, the flexible wall being spaced
apart fromthe wall of the chanber |iner wherein a sem conductor wafer is
transferred into the chanber and an exposed surface of the ﬁ59§§?35 0is
processed WAWIEHKi gh density 5 plasma. The chamber liner is préferably a
.ceramic material and the |iner support preferably includes an outer support
extendi ng between the |iner support and a tenperature controlled part of

t he chanber, the outer support being dinensioned to mnimze tenperature
“drift of the chanber liner during sequential processing of a batch of

sem conductor wafers. During wafer processé-ng, the ceramc liner is 10
preferably renoved fromthe chanber and replaced with another ceramc |iner
after processing a predeterm ned nunber of sem conductor wafers. Further,

the chanber |iner ﬁ@‘weré.‘ Q{éi)thl&eerﬁbd&fn@ﬁt,Q%JtﬂodpQFhsiﬂgggg%dﬁﬁ?gﬁ?ﬁé%{ fle fhe

wafer into the cha er aspects and advant ag nvention wl |

becone appar eni highaiendity plasm4 edchimgichgmblert iaidisetbsett: s The pietinid, intladsruse f a
conjunction with the acconpanying draw ngs, illustrating by way of example
the princi pl eschambendinerfyeinty Paterigieleeteparmmops P siticor rrrbIRARINGS The

present | mventgn. LI .1 A 6 NOARLSRAON v i Lol 410 A5t ld £

description i ng ion w e*acconpanyli ng dr aw ate

this 20 descrigirofitridi KENY afagsRNC &he dhiEhisdr Jinde sarORaea Walk thad burvGinds al
el ements. Figure 1 shows a high density plasma etching chanber in

accor dance w t plagneregidroeli the sharpbertand agpwsesippprseetidnonTherngilodsai? A t hr ough
2Cillustrate in r&rore dﬁtai

lI abagfée ring i accqrdance wi th one
embodi ment of PRWB SR AR PO e wBbeie ghyemiX Hekibka lo¥eh USRI e
Cross-secti O”ah%ﬂb@%zﬁlm&f a@uﬁﬁeﬂ_ehew%&rggi;a gﬁ?ﬂrtggﬁgﬁtwr& r&&d in th

t
enbodi nrent of the present 1nvention; 19481 -9 PCIT/ US99/ 20890 F? gure

3B shows a si dtexiblewalf aridnibe lowarexsmpiooraf ther imar supmst eeatablenthédiderof Fi gur e
3A 1N aclcoor dasnu(;)%o;/%/i t;[) féxgar;l% aet" gPe(\)/gljtiecrintaer};tlpe?z]:.tu;[ers].e réen%eet (t)d iopr)]t\i/oei‘lgi[]; (i)r?c;ludes use of
a baffle ring of silicon carbide (SiC), silicon nitride (S;N,), boron carbide (B,C)
and/or boron nitride (BN). A plurality of slots can be provided in the baffle ring
to define a plasma screen. The method can include thermal control of the chamber
liner via a thermal path through the liner support and the baffle ring.
15 According to an embodiment of the invention, a plasma processing
chamber includes a chamber liner and a liner support, the liner support including a
flexible wall configured to surround an external surface of the chamber liner, the
flexible wall being spaced apart from the wall of the chamber liner. For purposes
of optional temperature control of the liner, a heater can be thermally connected to
20 the liner support so as to thermally conduct heat from the liner support to the
chamber liner. Although any suitable materials can be used for the liner and liner
support, the liner support is preferably made from flexible aluminum material and
the chamber liner preferably comprises a ceramic material.
The liner support can have various features. For instance, the flexible wall
25 can include slots which divide the liner support into a plurality of fingers which
enable the flexible wall to absorb thermal stresses and/or a lower extension of the

liner support can be fixed to a lower support section of the chamber liner. If

desired, a baffle ring in thermal contact with the chamber liner and the liner



Figure 3Cillustrates the flexibility of the liner support when subjected
to tenperature stresses in accordance with one enbodi nent of the present

invention; 5 Figure 4 illustrates how the chanber liner is W th
NP B LRy oo

the liner #81i n accordance with one enbodi ment of the

. invention; Figure 5A shows a partial cross-sectional view of the chanber
liner, the liner support, and the baffle ring, assenbled in accordance with
one enbodi nent of the present invention: 10 Figure 5B shows a side view of

" an outer support in accordance with one enbodi ment of the present

I nvention; Figure 6 illustrates a three-di7oensi onal assenbl ed view of the
chanber liner, the baffle ring, and the liner support, in accordance with
one enbodi nent of the present invention; 15 Figure 7 shows anot her

he baff1o 11 AGPorkCaElsdtif deaaTTPlet S1RERRoutd AFpiertbMiic QP Wnea™

i nvention; andp kicghtrel phradovsthachanidrodie chambeofingramt@mafftd ribfere
hi gh-density plasma etching chanber of Figure 1 in accordance wth one
embodi ment of préferabbesede from onev IS Of S catbislenSEORISPirPmRitare HIN,),

PREFERRED EN:B I%%g%wgﬁ)gé%]m’%ﬁ @%@gi(ggzi one or nore tenperature

controll ed, stant, plasma confining parts

(i. e. , sonsunabl _eﬁ)eﬁl@srmmcésgmgIcﬂ@ﬂﬁgrn{aﬂq&ﬁﬁdmrmgm@w@s. Epr t he
foll owi ng description, numerous 25 specific details are set forth in order

to provide a teemplegkhachdebst inaficag have lomeelpeteisdnesistinigranddie. configwietl lto be
my be. practi deviar Endl PasbEsEg: I e otediuEPrie Bal e ity
00/19481 -10 electrical resistivity can be provided over an electrostatic chuck and/or a pedestal
supporting a focus ring and the electrostatic chuck. The gas distribution plate, the
10 focus ring and/or the pedestal are preferably made from one or more of the silicon
carbide (SiC), silicon nitride (Si;N,), boron carbide (B,C), and boron nitride (BN).
The plasma can be generated in the chamber by an RF energy source which
inductively couples RF energy through the gas distribution plate and generates a
high density plasma in the chamber. The RF energy source preferably comprises a
15 planar antenna. The chamber can be used for plasma processing semiconductor
wafers. For example, the chamber can be a plasma etching chamber.

The liner can have various configurations. For example, the liner support
can include an outer support thermally connected to a lower extension of the liner
support and the outer support can be in thermal contact with a water cooled top

20 plate mounted on the chamber. The liner support can also include an upper
extension, a flexible wall, and a lower extension, wherein the flexible wall and the
lower extension have a plurality of slots that define a plurality of fingers in the
liner support. For temperature control, a cast heater ring can be located in thermal
contact with the liner support, the heater ring including a resistance heated element

25 which heats the liner support so as to thermally control the temperature of the
chamber liner.

According to another embodiment of the invention, a semiconductor

substrate is processed in a plasma processing chamber having a chamber liner and



PCT/ US99/ 20890 I n ot her instances, well known process operations have not
been described in detail in order not to unnecessarily obscure the present

i nvention. ma confining parts of the present inventi

preferably |Qﬁqﬁ£§€ornlof for exanple, chanmber |iners, baf Igﬂ??ﬁggm)gas
-distribution plates, focus 5 rings, liner supports, and ot her

non-el ectrically driven parts. These parts are preferably configured to be
substantially non-contam nating and etch resistant, and they are preferably
“tenperature controlled wthout danmaging the parts. The plasma confining
parts are preferably made frommaterials t#hat consist of elenents that are
i nnocuous to devices being fabricated on the wafer, such as silicon (Si),
10 carbon (C), nitrogen (N), or oxygen (O. In this manner, when the plasm
confining partgyig&es ?madhéeﬁkebyupp@ftsn&wdmga ﬂexm@%ﬂrceﬂf@fea bt amg®) -

vol atile products that combine with the process gases are produced. These
vol ati |l e produmt extemmal sdnfane bétheeahamber fimegniheHexdhawblbeingi spaced apau dom punp

and will not end r Sing contanjnati o referred
b0t ment 15 erD: o toh S Tinel Bt SRS Era ey latmnééwad g he
chamber, such @ﬁmﬁrﬁﬁ@aﬂpsxﬁaaé@sdr@a%b%msuﬁosxrét@?s eézs ﬁaalﬂ%) (#'fe of
the parts can be prolonged.” The plasma confining parts t he presen

i nvention sare paaher dak yhamiste 1ineo im materaily amcfammtmtarml Sndsmehmas support

exanpl e, silicon carbide , Silicon nitride (Si~ boron carbi de
(B4C), and bor mﬁqultlhl@rém&emr OUﬁ%éB%P%%?I?dA%b%tﬂermeHH%Slmp@rtopé@uar abl e
characteristics,_of i I n I nts,
and vol atile e&egwera?lﬂ CBEtr&k?lrr]ba% gngg'% %ﬁélﬁl%égfﬁ% ugeqnbr}g &E%&&)&%}O&gﬁ%@
confining partﬁurﬁﬁﬂx&Qeﬁq@éﬁﬁfr@drlﬁQ)faﬁe clmmmbéxedm&rgts%hu@mal md@ssﬁfgqmasol id
silicon carbide (SiC), which theref ore reduces metal and/or particle

cont ani nat i on lbdtch nésemlg@réiggt@a wasgrer Duripg v @Ef@é@smér thetserdpaif finer isi ng 132

and liner 130 is ferabl EGLE | nd ct.i g that en it is
in cont acko1 tWefeﬁ@ﬁ rERRYEY ttzr ésgﬁl‘ﬁbegaﬁ%%) Grodd %ﬁ\?r FEATYG, gk
current. Hi gheﬁftér?ﬁb%sxﬁ%h»r&eQMd%m&edf Sehicondudr Waddrs! ukinen i at e
"GDP) (. ig. 1) in order to permt inductive WD'00/ 19481
PCT/ US99/ 20890chathibec dingrt ¢angincfiddir wadsteentry posiLeyiabling passagemitthoweftr adovies t he
Si C al so etches at a slowrate by the plasma nmaking it a cost-effective
consumabl e par¢1aMsfeover, because the SiCis of high purity, wafer
contam nation resul A S ecs Re HieShidRiod fwili e asma
can be mnim zed. Fg)lrtﬂtélglagﬁee{phe 5 rougnded SiC calr(l) reJuc%éggﬁ?qaééﬁ%&ﬁ

ot her surfscestherfollbwingRierdiled dbgcrlpausl talgaramraedymtm(ﬁﬂwun theh&ecppsiiying
potential and hence ion bonbardnment ener t o any nonsilicon carbide
surfaces. The Gi@iRgsmpdBEANNGDPY¥a8 066K eéhev%rﬂvllélﬁsa%ﬁ‘@eb‘ll%ﬁﬁn potential so
that etch results are nore repeatable within an individual chanber and from
chanmber to chanmber. For nore information on the use of plasma confining 10

parts capabl e of reduci ng BRIERDESCRIPTIONIOFIEHE DRAWEBSGS processi ng,

reference may be made to a commonly assigned U. S. patent ap&l i cation having
Appl i cation No. 09/ B5¢pewent ipygngign gl be readily undargped byribe Entawingdetailed

"Contam nation Controllin F ro-A PI Procgessi ng
Chanber. " Thi gesﬁ’BB{?rbHWo%huqc lﬁgvr“ggge ;&%@o 0*1 g e%“ﬁyg f%?%ﬁlé%te%%ﬁ
various egpodi H&@hgu@ﬁ mdaereﬂe%eﬁ@éeaametam ﬁesagmteqmevmﬂubmmwxebﬁer@@scrl bed with
reference to Figurés 1 through 8. Figure 1 shows a high density plasna

et chi ng chanber 100Fugmrad:Gm\dmd:@mdmsﬂt)onlesmrbt@mng@hambér inhecqdasenith
invention. A chanber hou5| n i s.shown containing a sem conduct or
substrate suchOB&seEbIMERty Pfeerse'fdﬂve"flﬂ%’t may be subjected to a plasna

, etching operation. ngtr&' B BBeL 7€ HMusulaReinGhSRIRGi1OPEHAL | 8 in accordance
with one embodiment of the present invention;
25 Figure 3A shows a more detailed cross-sectional diagram of a liner support

in accordance with one embodiment of the present invention;



20 is preferably a high density plasna operation that is configured to etch
materials such as silicon oxides, that nay be fornmed on the surface of the
waf er 104. The high density (e. g. , plasmas having a densitj n
about 10 “yggwfhgbns/cnﬁ) plasma is established in the chah%gﬁﬁggéﬁﬁguring
that the chanber is held at a relatively | ow pressure of bel ow about 80
mlrorr, and nost preferably between 25 about 1 mTlorr and about 40 mflorr. The
pressure in the chanber is generally maintained by inplenenting a suitable
" vacuum punp at the bottom of the chanber. The wafer 104 is shown supported
over an electrostatic chuck 106. Beneath t%e el ectrostatic chuck 106 is a

| ower el ectrode 108 which contains a WO 00/ 19481 -12 PCT/ US99/ 20890
backsi de cooling ring 110 for controlling the tenperature of the

el ectrostati c chucky}@8. 3pThRwe! £68¢ PRl the ﬁhéfcdﬁp%&@ filotn 61§ bdr@en Y Aof
pedestal 112 and a focus ring 114 that surrounds the wafer 104. In one
enbodi ment of Fiperef/esientcirdsmsatwitdnonet ¢rebqslamienstodiithel iz sent dnvtelndodi;ocus ri ng

114 are preferably de f a material .selected 5 froma gro i ncl udi ng:
(a) silicon carbi de‘g‘g‘{‘}ieéé, 8[865“‘@% Fflecdﬁ’f‘bdﬁ‘m%dﬁe ﬁ%‘ifémal?f,’“ (Wégnﬁkb ITeE 4 bi de
(B4C), or (d) Ltrlde ; j LhiaN4 is
sel ected as tﬁgﬂh%g{}% g‘?&g%r ﬁ%orgéxgbgﬁlgf’ éﬁleléziﬁggrﬁh% ﬁg()fﬁg%gggsﬁggvef%l?
Accordi ngsto one ermigatiereiilustrates howg theathambernlingri in assembieddith Hietignebet ween an
al um num pedestal 118 and the | ower el ectrode 108 and the silicon carbide

10 pedestal 11SPPOXt haaepEdance Wah opg@mbedigeat gt hsIPyesaRCiAVERtiON; cal | i ner
e ane b RSBl | 0ol e THE YR i e EhARATRGRE )

. . 12Urc
i ncl udes an inner ri ﬁlél‘ goo rca ntact as as

good thernial 1gRRk@sHoriMah thetsafad einpeisstmbied il @Rordbnee Rathfdne ehibddindene al so
has an integral array of teeth 132b which will be described in greater

detai|l with refféhenpwsenténwingones 2A through 2C. 15 Above the wafer 104 is a
gas distrjibution plate ( 120 .which functions as . a showerhead.to rel ease
the etch 'gas cheni c@ggeiﬁ%ﬁé‘ %&%E‘&%Vs‘?ﬁj?& TR FRport Kb%“x‘iéﬁﬂ‘ée Y4k one

di stribution plRimkdfl ot itcSprRscaeid@hGond ndow 122. Above the ceram c w ndow
122 is an RF coil system 12% (i.e., an RF antenna), which is used to supply

a top RF power int dFigive & Blmstraes g HaeddimebSionalysenitfed vielvsof1tRE changbe2 0

preferably cool ed via &lcool ing channel that is int egrat ed at the center of
the RF coils 1msr. ths ballleqring, anfithe WReriSppRALE 18 Aecsrdanse gyt enecanbodiment 85 | o
used to feed i Ses into channels that are defined between the
ceram c W ndo&vhgggég}ggg\{‘%gﬁghs distribution plate 120. For nore information
on procesls chanber sFigiefestenceanoryr iresvidentiond viEPR of IH2QEMmbied okantie hi ng
reactor, which is available 25 from LAM Research Corporation, of Frenont,
California. AnmRE iingssuppsb andithabaffle s1ng; Bndceordance wih ppe ampadimenhdfile over
t he processi ngp chaﬂb%r t?Or}g H@ke suitable contact with the RF coils 122 in
order to cont rigFThEVERTY 3ry of power as well as other reactor controlling

parameters. As  WEiQHelP4Rs-ahdxploded view of portions of the high-density plasma
etching chamber of Figure 1 in accordance with one embodiment of the present

20 invention.

DETAILED DESCRIP PREFERRED EMBODIMENT
The invention provides one or more temperature controlled, low
contamination, high etch resistant, plasma confining parts (i.e., consumables) for
use in plasma processing chambers. In the following description, numerous
25 specific details are set forth in order to provide a thorough understanding of the
present invention. It will be understood, however, to one skilled in the art, that

the present invention may be practiced without some or all of these specific details.



PCT/ 1 JS99/ 20890 nenti oned above, the ceram c w ndow 122 is designed to be
in contact with the gas distribution plate that nounts within a top plate
124. The to | ate 124 defines an interface between at nosphgpl ur e
and a desi P"Péh‘%\’/'é’éﬂum condition within the high density pl as%*@?%@ﬁg’
chanber 100. As should be apparent to those skilled 5 in the art, the
desired pressure interface is established by placing a suitable nunber of
O rings between interfaces of the chanmber housing 102, the top plate 124,
“the GDP 120, the ceramic window 122, and the RF match system 127. A liner
support 134 is also provided within the hi@h density plasma etching chanber
100 to enabl e precision control and transfer of a desired tenperature to 10
the chanber liner 130 and the baffle ring 132. In this enbodi nent, the

l'i ner support Iﬁ%ﬁlek $n QS,Q{'elﬁthrq_ﬁx%bés_@ ob&Gtibhd B8 rlof Becn @X%érMedl ih¥edd
inprove its thermal conductivity. e liner support 134 includes an upper
ext ensi on 134dn oader nex tdohrenevessarily dbkcure thequesenemventginon 134c, and a | i ner

support extension 134d. The | gwer extension 134c is.shown ass |ed in
di rect thermal contﬂlﬁplﬁm%cqq%@w thespriesqRL fnveRgion %rﬁd’r?ééa%gg’f“f ‘?‘8 ring

132. 10 1Ns GOBOYE P Exarhile, (lafeblifientObdind #hbs. s shi@bililon pigparBtgd from

t he chanber |iner er 140 1s capabl e”of  beirng secured in direct

thermal cgnt agingdl fikertsnpparpn and exicensh-electtidddy dfivérhpartsi MEitess pppoate 134. To
power up and control the heater 140, a power connection 142 is used to

coupl e to a heaeferaboernfigyyesk orhe1spbstantipdly nopLEn@HRAINE and eidhaesisiante apg| |

ited to 20 trol a desired t |
Cransterred t GhBrECaRaRD (Fibet TGO R Bkl AR R s CBER o
causi ng damage,ehd iRk akd gfe@aramy e Ifrdnh ARkerhBOthar cdsist belembits 132.

Al 'so shown is an outer support 131, which is thermally connected to the
| oner ext ensi ahatli3d nofudusdo deviees righiabricatghion eewafar, stick appibeen (S).al so

th 1y 25 | to. th late 124, whi.ch is desi dt i
cool i ng 1ng Eatbondpiiobe LER oRer f: JHebiE bt SreAREs olhtmh oo ' °
reference to Fi ;i su i hi eve
preci si on temt)clgggpﬁéﬁ @g%@%ﬁﬁt&ﬁ%ﬁﬁi%& %gerd%%l‘e?&#?ﬁg’ \\;/\d/e;?tgg
processi ng opgfr@dﬁ@mha( éomigine withtthéprogpss ghkes qe poidacan Thas® voltil© 48|

PCT/ US99/ 20890 -14 tenperature control provided hy the outer supqr;or,t | 31
and cool i ng ripigducssicay then P%é“r‘@?‘@?ér%@%rﬁhéﬁ’@%’éﬁl% ayaquym pymp apd #illi ng t he

chanber |iner t ratur Arif1i S l%@: t he
pl asma energi é?? gﬁéé’?é’% tﬁ?‘l%%? ﬁg&%@ﬁ%ﬂ@%ﬁr{tf&% g’%\f&;{(ﬁ% a@tné t e&ﬁeat toits
surroundijggs. phedsintBE pladine doatitie partthare dhapildmal dtetechaid@r asuch phes baf td e

ring 132 are preferably nmade of a pure silicaon carbide material. In
addition, the myore rgsistant ouhe eigh Bases and the litejoh thegpagts apbg pralengsdd t he

o at Teast si 11 cort Baprmcnsilb b Bt Whliof e bRHESy JRUFY ' O
the surfaces tfigh e inite hhiRerbil@fuctepsiok ¥xahme M@l darbide (SiC), silicon
nitride (Si;N,), boron carbide (B,C), and boron nitride (BN). These materials all
20 have the desirable characteristics of having high etch resistance, non-contaminating
elements, and volatile etch products. In a most preferred embodiment, the plasma
confining parts (also referred to as consumable parts) are made from solid silicon
carbide (SiC), which therefore reduces metal and/or particle contamination of the
processed wafer. The SiC used for the baffle ring 132 and liner 130 is preferably
25 electrically conductive so that when it is in contact with the plasma it presents a
good ground path for the RF current. Higher resistivity SiC can be used for a gas

distribution plate ("GDP") (i.e., 120 of Fig. 1) in order to permit inductive



10 be pure silicon carbide, or coated silicon carbide. In a broad context,
other materials that consist only of elenents that are innocuous to devices
on the mafer bei ng processed, such as silicon (Si), carbon g&% n'%r en
(N), or oxy¥e %ﬁ% ch formvolatile etch products with the hB&%(ﬁg,

be used. In thrs manner, the volatile products produced when the internal
surfaces that confine the plasma are 15 bonbarded, wll mx wth the excess
etch gases that are commonly renoved fromthe chanber (using a vacuum punp
“or the like). Because the products produced when the plasnma bonbards the
internal surfaces of the chanber (i.e., the¢- consunable parts) are volatile,
these products will not end up on the surface of the wafer causing

contam nation, nor end up enbedded in the polynmer deposited on 20 the

consunabl e parts...Fi
baffle ring 13@“?%“%%@8?}5%@5&1\%%}9@né&eﬁéﬁtﬁ%%&gf lElterr:gtealese@it"ir nventi on.
As shown in Figeweate, bytth@gbarfnﬁh&lkﬁngnmachﬁ -dffeotivd aneumblapahasrra screen for

t he passage of gases and byproducts to a vacuum punp connected at the
bott om of the charrbMuoremzr begause thendinis of Rightmrity ewafehgontamingtien gsubiingay of
teeth 132b th [ t a e

ot o A3HERAcal LS B MGCRERP LA chlt bl NEnk@Ped kLl bl

chanber 102, I'con®car ces consunab es)
confine the {%@Hﬁdeﬂ@@t@ﬂtrbaicbrspamrngtdfemmfseffaée@zin thENshaR@ES b causi a

00/ 19481 PCT/ 99/ 20890 -15 ring 132 also has an inner ring 132a which is
used to make geductidneinrtbd plesma aeteniiltand hRececinabombandimesr enezgy tRARYLNAN-2B i s
a three- drrrensronal w of a palr of teeth e .open areas
provi ded by th# ‘%h%‘%‘ﬁﬂ§'§(gacﬁr e%’Sﬁféﬁﬁ?‘Bﬁm é‘rzﬁotph(ﬁ/tl&é ap‘eerrﬁéﬁi)gdg %“ar angi ng
bet veen 50 and,fypess Bt cRRGRURS &R idrdWepBiAHIO WnlPa PRt Shlrhibe: 80t
passageway for e gases and by-products be punped out of the chanber
102. To nmke efch chbmblaretosﬂmmbsr 1B®cmomm§mmtwn on Eieguseenf PGsntalvensioinigd
silicon carbide material (or coated Si C r' al 6 nmust be maghi negrsuch

that a sul® abl Rarsigpeile PBEWCWS&P“@I%‘OP Blasiyp REQCEFSIng. Jeterence

1320 ar o pr ef oP4bPy HE 1 s Sknf AN ARl LRS: P*‘n‘ﬂﬁt PRHOH Rehe WIRIERRCE

0.28 inch. Therg. p9ebepo2dfidi mardaehS 1t mw&fandenﬁm@t\/t@mu&mnaﬁmct ratio of
about 2.0. The inner di aneter (1D} of the baffle ring 132, in this 200 mm
waf er chanber @nmmﬂmgMethcrdsar@eApmaéatabEet Aﬂtiasma Prrspsing GhasmberiaiThisoout 1 /
16 inch 15 clearance is vr debd bete\égo o bell$ cizlsetvalrl 112 6 pwn t| n F ure
1. However, th%pH‘ﬁ?tté‘?n‘ar t’é?c (Pe) 3’8 c,n(gu'rs e PYT gere 8{586’8 g upon
the size pf thﬁret@ﬁ%vehﬁbrrl9411r)r,9waﬁsceﬁicnﬂéarwm<mt@e b Fine 3OS €7, t he
i nner dianeter may be as | arge as about 14 inches. In alternative

enbodi ments, the baFigue lrsm}VSléimlgwnﬁié’ Prasiod er@hmg@uargbmﬂogontamrdame t eet h
132b are repI aced with a es or.slo f hol es
or slots are nté(r‘ft]foé‘&tel]‘rbégm?er’i‘t Bflgxgé)r%s,ent Frgenrion Hg‘fg;fﬂvg]errr]’touf@g ép? ¥‘°1 Qrt?@gt r ed
to maintain ang @Jgﬁﬂm r@nfitondBetor sﬂﬁtrﬁ'éé’%ﬁéh astﬁ‘@lthcé’ﬂ'%féfrﬁoitothgﬁﬁm‘ﬂfﬁg about
50 percent and pefcent. The baffle ring 132 is also shown having a
plurality of sgrujaemérmdoeSplisrﬁ&mhng lopemationie i gnfectnbad)mnnt tltaeetdungnpfrmhgg
132a. As shown in Figure 25 the screw holeg |50 e co dto
recei ve a2Gui t igHrefe )ewhtgli‘aﬂe“%tﬁ PlapraR QPSTARN ﬁﬁh’r‘?é@%ﬁé b‘éF‘F\qé“ ‘?rﬁ’gs I 32 to
e cnamer o' bARh A ARG hhiiRay BLRIRD ohifle SRRSO IASLERET0Y SURR 25
clanps coul d be VS Shed e necessary contact force to
permt sufficigigh deasty {f @nplasas havilfg ﬂﬁérﬂsﬁtbSbe%EhldS&ﬁ/mU&W ioh§cif)gur e 3A
shows a nore detailed cross-sectional diagramof the |iner shgé)ort 134 in

accor dance wi t hlasme isessabdishashin the chagebep by Sasiringthetithe ghambes i fiiabﬁed

b the | t 134 | i d
tolfrex i reoRunbERr B Rttal B pdo B Rty APt ey eI 9 2
140 appligs thehdesi medrhnatabbeus mTB’frefﬂreafhlesSuret iahé biemhter 8s g@ieta1@34b is

_cylindrical and is slotted into a plurality of fingers. As nentioned above,
the |iner suppmatntameq)byeireplamleytmm%jéllltﬁblea\rﬂctilllmrPiumlPrﬁtrﬁhﬁt@moal ofviiie chamber.

have good thermal c duc i Vity rovid ood fl ility when
a desired tenperat uré®i %{plé’r‘.‘%g“%“tl‘ f%@oﬁ%(gfw]& ?fﬁg‘é%‘%‘é“ﬁé’gr ower

ext ensi on 134c tﬁeah?tﬁeee%ct@sraa@cmkqm@rrpanorémemta@ 1084 HidMecdiRfifd £ 1ing
132, the | ower extension 134c will remain in place while the upper
extension 134a, which is coupled to the heater 140 at a heat conductive
interface 141, may be able to flex outwardly as illustrated in Figure 3C
The heater 140 is preferably secured to the upper extension 134a using a 1~
sui tabl e nunber of screws 144 to ensure that the heat conductive interface
141 is maintained all the way around the upper extension 134a. In a
preferred enbodrnent the screws 144 w il be capable of narntarnrng the

[ T o a 1 . AN A o




25 the 3/32 dinension is reserved for chanbers havi ng processing
tenperatures up to about 1000 C . The separation 176 between the | ower
extension 134c _and the upper extension 134a is preferably sef 2' |z
i nches, dep®RdPAY8lpon the chanber WD 00/ 19481 PCT/U899/28§§%%?%?8§%ight.
However, the greater the separation 176 is, the greater the thernal
resistance in the |iner support 134. Therefore, the separation 176 is kept
just short enough such that the alum num material of the |iner support wll
"not becone too stressed as tenperatures reach 300 C and above. The

exenpl ary thickness 172 S for the upper edfension 134a is preferably set to
about 9116 inch, while the exenplary thickness of the |ower extension 134c
is set to about S/ 8 inch. Figure 3B shows a side view of the |iner support
134 from cr osspgREHE BolfireAisy 170 ﬂiﬂfe@n@é’ﬂin% RhcACMPEMAANE Bf Weldlec @Bt RRsIKTENT
of the present i1nvention.” To facilitate the flexibility of the Iiner

" support 134, sl1@#.sThe Sectaostatdathucled06 isteonfihed B0a pedistl 312 ahdalfocusriruppor t

| 34 defining a pluralit f finger The slots 1S2 vertically, extend
through the f&%@?bﬂ\x&fﬁpgi@ﬁb‘f’%ﬁﬁ%r Wd%%ro?_él}&@ﬁﬁ ivesien, the
Because the || igfes@l!PROIa e focus rifONIarA0 et M Gt ! ifa ARG R KA ¢
the separati on between the slots 152 nust be cohfigure suc?‘n that a

sui t abl e lsevel frofm £ freup idlidiyg:r@)eiliom carbidbSi) o) bilieonaittidd BN,), Tlopr ef or e,
the separation between 1 S sl ot iis, preferably set to about 1 S

1 S2
degrees . HoweRapn Cﬂ?@%@@hloréa})‘é‘ﬁﬁﬂ ingrdp 8Bk e 1 @ Foskpisfesredsmbagimenty y and
| h d di i | i . dth
Georeo of 71 exdt e RERs MtmBleRIERR ingfed:df 112" BURRRE Lo ddan0Tos "3 s0

which are defined iAcéd?@inEQ&V@_he exnbedifican ain idddating Alirhink $inp a6 sitd®etween
flexibility provided by the liner support 134, Figure 3C 20 shows the |iner

support ext endimguoinuia pedogtai | bvprd thedower ¢le@roge 108 and the sibednzaanbide X- axi s)
t hi i 33. t.a} t he.. ti b
mich as 10 - 1opaet |G AdhambROEF A3Rdr HRRER bR Fort vk tan B
advant ageousl yatpa:%h@&){o% Bﬁlﬂlé"irﬁlﬁsltﬁndfﬁe%ﬂg@ﬁhgvﬁb% g&ﬁ&aﬁyl mkﬁx«a@sdarpnxn}epﬁng

al um num material of the Iiner support 134, ile insudlating the | ess
f | exi bl e chanbt32al thatanal2s gb3d elrntrichlhenkaf &4 well an godBefmad mohwopeiththe e

deform ng stresses. Figure 4 illustrates. how the chanmber liner 130 is
assenbl ed wi t hchamber i“ﬁ‘éfrl@uprﬁléﬁ'?aﬁg&mﬂﬂ%a his AR dntgprehagieokissBdiddBnt  of

the present in 1LOR.l .S ; | o N i's
made of sili co%ﬁ%gr lp(})ee,déf‘%rmv?nallﬁ%p%r%gd? H%%?@%H‘%L@ggg%ggé tl-Hf’%glg?)lféob\ii de a
high integrity RF rabovethpatdfert i94gs awasl disaibutios poewGBH) &2@ ehichdanddds
(bottomelectrode). As is well known to those skilled in the art, providing

a hi gh integri#sa Fpvarbddo peledseithe ek 2pT BY@lnQ Hgmsesesypg fBaMYGTe
advantage of hﬁg%ﬂ%@gﬁ%isg{b&xg% ?)ﬁa‘?eg $20 ﬁﬁgﬁé’i"pﬁ&' \L%goxgﬁﬁﬁheﬁbqbv%we gr ounded

Si C can reduce er surraces i'nt aimber by causing a

reduction in tagaRicEsHRoROENE htRFdH! dyeRaEL11000. b AHIRF dhefha) S WBIchYis @Fedany
non-silicon carbide surfaces. Additionally, the naterials used for the

chanber |iner ®3@ppluctopRE Bh@r wimthp acastartrdimben Kk r TaeaRFreeds 420 aiet y
nodi fied gver a w ra .. For exanpl e he.resistivity of Si a e
Tt or od Tor ¢ etesn B PP R it PosliRameSigh MRT i eRt dutte SepRanBERA T ner
130 and the ba&éiiseq@:. %Qm},i’éﬁnpﬁﬂh@ iffuderation P dad feed pbR 106 9V 168 18 réAW

resistivity that w facilitate the good conductive path to ground for the

RF power. On tpmocessingrgakesnigio ¢hiaghels dwi arei defingd bggwaeethedevdmain windowa22 nust

i sei pat on | nehbogay AistEGEn it Y- o EPE POl IPTeROR om sPeifst SBReIbed 1 or
. the gas distri puti.on. Rhibe nfafPR) a FTPIPDO™ plasma etching reactor, which is available
25 from LAM Research Corporation, of Fremont, California.
An RF impedance matching system 127 is configured to mount over the
processing chamber and make suitable contact with the RF coils 122 in order to

control the delivery of power as well as other reactor controlling parameters. As



As shown, the screw holes 150 are configured to go through the chanber

liner 130 at a | ower support section and then go into the |iner support

| 34. Gbnerall% a_suitabl e nunber of screws are used to interc&gﬁﬁéé he

chanber |i n¥PWAH¥85nd the Iiner support |34 such that a good SP@

conductive interface 156 20 is maintained. In this manner, the heat

conducted through the liner support 134 nay be thermally communicated to

the chanber liner 130 and the baffle ring 132. In this preferred

enbodi ment, the liner support 134 is preferably spaced apart fromthe

chanber liner 130 by a space 154. The spad®- 154 is preferably set to about

1116 inch. This separation is generally desired because the |iner support

" 25 134 is configured to flex as described with reference to Figure 3C. For
a 200 mm waf erpehapRehbowv, hedd®itic WitBowf120 hedsharles vk ihesnidd Yilrsmakaut 14

inches. The thickness of the chanber liner 130 is preferably set, in"this

" enbodi nent, t odifteibbeemplate thitonourds withich toprplatadddt The3op phake 12hdefimes tin

preferably, to about 0.2 inch. WO 00/19481 PCT/5899/20890,119 The hei ght

177 of this exBipRSE PEREEHBTOSPRTE PR HINd etGRues VagiR canditiemwithighe about

12 i nches, and,; AP dmer 1106 hes. i At e

support 131, I%EE?%&ﬁ%%%t%ﬁ%onne%{ e}gé't ?tsﬁéﬁllag)v?/eqlwé%{l {eﬁ)sllhgé;e %&e? of

t he |iner 5suppiarthe R4theReeital prossyre interfase tieestablishedrtiy placifg apaigsle apmbér f r om

the flexible wall 134b so that it c?n fl ex without substantial obstruction.

The outer si deofdP-Tings betweep IBEifH O g rchamberbpusgel02etheaapiphige hedItheavi ng
Bl 20e 125 Gpp {Her the @B WigHEE Db 0aIRE pEAGH G LR g ot act W L e

top plate 124. ner, a coolrhg rin nore detail in

Figure SA) can be usephef Supportinglis uke previger witkiheh®highlRnshaphana bichigs 130
and the 10 internal regions of the chanber. Accordingly, through the

conbi ned si mul ¢hambeu$0& renable precigior Konthd and srapsfer aDa derdred dompergturd iy 121,

the tenperature of the cha r liner o4& 30 e.maintajned to within | ess

than 10 Wegr e‘gg CE?’T"P%;H"? KQ&B?Aaishr?a aé%enrdpg ??;ﬂ F%Wb‘if‘g‘ﬂb(?‘@ﬁ@t HeJWET b asma on
condi tion. Thugppthe3hiid Shdaef Atmetueh ef6miadfts AbLBAfy Whd BnpfaQe SR MRrRARTDET
liner 130 tenperature as the |last wafer 15 etched, to within the 10

degrees C var iamndoctivityi glheclitSA seprons134 ipalutiesdn uppes sxtension d3da, avlexiblef t he
chanmber liner 130 he |iner sup OL#A' 134 ?nd the baffle rin 132 assenbl ed
in accordance Walf h34he IOWEHEFARAAD L4 AR b IBELIWPPOTL ¢Xisnsign 13 Redgwert he

chanber 'inerc(gxl%&,s?o@,gltatgpﬁs LHORRT 2sS4RRRE §n &%&t%gﬁggﬁ)%%@ @&glttﬁ% @g&}ﬁ@e\ée a good

t hermal condu ve | ace |56 20 as descr nt1 oned above,

t he out er15suppigder 138 landstht afffeadingy 13D nhethisstnbodiméme, thevikRkitdx vandizen isl 34c
through a plurality of screws 135. The outer support 131, in a nost
preferred embodighhserasaied frop Bgichpmberdiner 130 A heggar dH0jis capablgrplthsinge

thermal ly conn 1q. 24 i i r ort
131 19 25 ai soesh b Sibingdiy ARG wilfne fpfortRuchRf 13ha bEFeUF buhpP
fingers 131d, pRpar@pedebyp andtdntml ilieyheafer 340} $pdBdercconasctiont142 s pseavbdi ng

the necessary flexibility to the flexible wall 13la. The top plate 124 is
further confi genuplt tos hegtesippwer sstEdd29-ndhe lingr supporsis heredprel well sfitedte t op

plate 12420 o go%lflr%?g’desg}e etfzm%grquirg H{aﬁ:a!moges thfepnrlally t%s?e%e]dgtg§%e c_:llza?nber liner
130 and the baffle ring 132 without causing damage to the (more brittle) chamber
liner 130 or baffle ring 132.
Also shown is an outer support 131, which is thermally connected to the
lower extension 134c of the liner support 134. The outer support is also thermally
25 coupled to the top plate 124, which is designed to receive a cooling ring 121. As
will be described in greater detail below with reference to Figures 5A and 5B, the
outer support 131 is used to achieve precision temperature control of the chamber

liner 130 during wafer processing operations (e.g., etching). The precision



PCT/ US99/ 20890 appl ying the cooling ring 121, or other type of cooling
system to the top plate 124 nmay be used. In this enbodi nent, the conbined
use of the heater 140 and the cooling ring 121 will enable precisi

t enper at ur Y@8MI¥B in narrow tenperature ranges. 5 For exa%‘ff%ﬂ,S§ /2@90

- chamber liner 130 is typically run at high tenperatures, such as 200
degrees C or nore, while heat is lost to the surroundings primarily through
radi ati on. When plasma is initiated, the plasma dunps nore heat into the
chanmber liner 130 by ion bonbardnent. The chanber liner 130 will slowy
increase in tenperature over tine because-i4 generally cannot transfer this
heat to its 10 surroundings by radiation as fast as it gains heat fromthe
pl asma. Thus, the outer support 131, which is thermally coupled to the
cooling ring | j hapilke

t enperature dr ?%?Pér%ﬁ %‘ldlng%g %e@é@bﬁhé?ﬁhigﬁﬁgpa;{oﬂﬁogs to E)lﬁgg gﬁ é?lsmgport

" 131 fromthe | iwesfosippaniagé@iiycasistbia me‘tenhygatd;ahsmbnglmdrraempmmrsﬁ@m on
and length of the outer support 131. This adjust magﬁg can therefore 15 be
made to cont r ogradyall hé’élf"qug’é”aﬁ%%wuﬁ“b etiesng enereiey) Spditithansthedwer'se

tenper at ure coysal |0 laPuRIRkG01R4urdinghun. the chanber |iner 130 will
erface

al so prowdeagodt con uctlveln 157 with the baffle ring
132. To achi eve t hi ;\sgaedioneddbmie the dhambef B, 130had hizf dffle ringd3232e t he
chanmber liner 130) and the |iner support 134 are 20 secured together using
a plurality of P ¢1@W§’ map of a mréfsawamcyrbl%@a@ea'ev@ adgggiong the Saist ted through

a spacer ring 3 r a of

the baffle rin iré “03 g?}‘éi%{) TgIE&%tn gﬂt‘thglhctﬁ%h‘ft)hersaﬁin%%% %H; sapa_cer
ring 131b and Ghe SR&GERiridR1s caftiige RRRkRIs2BH ¥ FRGSiRbn kb wmANdnRRRYi de
a good surface for applying pressure to the screws 150' and 25 the brittle

surfaces of thendmaéf,|sebstamigliy 3 cdlee sm@cc&]@lab@nfmﬁ rﬂ@rhlm@ens”rtuax]asm wilecause
the baffle ring 132 |§(£)referabwy E{ﬁerlamc 8 80 areat r of a
force witA0scr SRPUER $iHEHN SATPIIE L PRI St écor“lcﬁbb O OB RUR t he

baffle ring or al |
t he way around I%E{g&lﬁbggpgonS%QS %%&%@8%%}% n%?lcﬁ%%atyag?’lcgsiﬁ%&%ﬁgﬁgr

l'iner, the baf fokimgrprogssedd stdheas| silion (Sl)pparbt)n (C), mitrogenéNg,oorsaxyg i, ewliah t s)
will be ready for use .in the hi h dﬁnﬁ pI asma e Chl n ﬁgarrber 100 of
Figure 1. As udedn N@llaﬁlerﬁtdtwé’g d l‘o’é*eérF’éH this framicE: B t s,

however, when SoLifog. gﬁ&?gﬂo%[uéa{ ALDGE iftehe edcl\;élfgﬁm:&{fh@ltﬁe g whed

herein) is 5 use at con ine t densit asma, these

parts w | ljshav@oembhriedewill idietithithe exudsd &eh @hses ehat ard e@nahotlp$¢moded from
consunmabl es. When repl acenent is needed, these parts may be swiftly
repl aced with thpehnother usif? vaCUEm RUMP o5 thediks). qﬁF‘%ﬂk‘%ﬂ’édﬁO%Cﬁ)PmMuse

e L ner  SUPDQp e TR ol R Ak Gl GGt . P o

density plasna
consumable parts) are volatile, these products will not end up on the surface of the

wafer causing contamination, nor end up embedded in the polymer deposited on
20 the consumable parts.
Figures 2A through 2C illustrate in more detail the baffle ring 132 in
accordance with one embodiment of the present invention. As shown in Figure 1,
the baffle ring 132 functions as a plasma screen for the passage of gases and by-
products to a vacuum pump connected at the bottom of the chamber 102. As
25 shown, the baffle ring 132 has an array of teeth 132b that assist in maintaining the
plasma in the top half of the chamber 102, where the silicon carbide surfaces (of

the consumables) confine the plasma substantially over the wafer 104. The baffle



10 fast as the chanber liner 130 and the baffle ring |132. Thus, the |iner

support 134 may be renoved from worn out consunable parts (that nay be

cl eaned of f- |i d re-used or discarded), and then used w

replacenenﬂ”égﬂgﬁggble parts. Wen the chanber is being useé&ﬂ‘sﬁabrlcatlon

where chanber down tinme translates into lower yields, the ability to

qui ckly replace these consumables wll 15 have the benefit of reducing the

mean tinme to clean the chanber. Figure 6 illustrates a three-di nensi ona

assenbl ed view of the chanber liner 130, the baffle ring 132, and the |iner

support 134, in accordance Wth one enbodilfent of the present invention. As

shown, the top surface of the upper extension 134a of the |iner support

134, is configured with a plurality of screw 20 holes that will receive the

heater 140. A'ﬁggmbﬁlsmhé gn ffnef NAg 1BREWhRUAPASAd 1d3dake R0l MerRfabEdHidy Of

. slots 152 that define fingers configured to flex in response to tenperature
vari ati ons. A withehe ehamber pioert 13060 i s defined in the wall of the chanber

liner 130 to enabl e_t he ssage of, a waf into and qut of _the cha 100.
Typical Ly, the et oFignE 25 & aifes GnaSowd view 67 2 Rai o retod 34k, Gena Y)bot

arm 25 whi ch ' thyl ik QndcBE 1PN I fe
once over therqgk '??(%}s%agk) M('Kg:elﬁu 8% glere%rgrc ggﬁ%ﬁws%ﬁttﬁ%%gpésrﬁ%‘% be

| ar ge enough tangigaieneednltio meprt opd:mareausrmaﬂnwnnealtsmmwi adudficient smal |
enough to not disrupt the plasma profile over the wafer. As shown in Figure

7, an insert wpaspaggway der Iihﬁ 2e$58 and WOREOFUr G418 PerREmRgS 9y} Qf)ﬁ’QGha‘?Qerswgpe of
h 160 d
E:oﬁsg(r)nratjl e palr?%%%k%e c?hn%itet(rﬁf:rsga%g)g %gﬂggﬁ E‘eg{%‘&e&éh &gﬂ%ﬁ%ﬁ p&hledel i ner

support 134 typhshl forabsed SIC hadeRl)thig b indebies sammm GilitaBleCaspb& Qatio

defined in the chanber liner 130. The through holes 162 may include holes 5
for probing théapisesdeasiel Rior greptarn s maated. durthlﬁgxgn@l@esmrrﬁgumm ther

Feater tiai rv S aronreee sl 3of ueome@rfth Mo afbuDLLLERR ood PR oBRitR AL "
screws 144 for gl §984aM m%e beateéd dfhfntidnd Hﬁréf&@e;{ro%k%ﬂ%h&@t Ladtha of

the liner support 134. Figure 7 shows anot her three-dinensional view of the
assenbl ed chanbfiboh02]0.ner 130, |iner support 134, and the baffle ring 132.

Fromthis view, the ort hgle 1 assi a waf to th

el ectrostatic chuckTh®#mey lagﬁ%ﬁ“}i&&%ﬁi\fg rH’ét];%i p 10 EQI‘SsgdosWBW(a Fe the
teeth 132b of f t b f in close
proximty to t%ﬂé%b%geﬁ\lbg?%ﬁg l%g&st%-rgg@rtl 1’? ﬁfesr&n%l%hwsal}cp ﬁ%ﬁ}a{% hgt ﬁgé\g&q&part of
the chanbpy asciefranee ispréviged etdeenlthe Pedpstad 182 shows inflfigarep] .0 Hietlevers theof

portions of the hi gh density plasma etching chanber 100 of Figure 1 in
accor dance wi t innenéiageiss WAy of CQURE Gsylaeeert dapanding ppen thersizs ofithewakksws

t he spacer ring.131b t i f 32,
t he chanber Ii eéPg 9%3&2 F%ﬁgi*‘.q‘%%%&"ég?&gf“?‘%%f& % ﬁlBgeéri}gltnec gr}g:la;s
ilTustrates howrgdhss dwoat e inkA€.i s applied over the top 20 extension 134a of

the liner support 134. The heater 140, as shown, is preferably a cast
heater. OF course, bt #ematiypembedimeats, thpgbé%r@aﬁam}ayahesmam&aqmred\mehthe

h 104 dth d
W eh the 10 ner RBEMEaFR 1520 adiebh St e R ARaY BERCES o RO pth b altSy BR on
will be pasSedh&ll@{)@ijﬂatsaargﬁlaﬁﬁ’ﬂa@tuﬂea‘hﬂ pldte fofenel BXhPI3ab eit 1L¢til dgreli@p Pl ate

124 is shown capabl recei vi ng
maintain an open area (i.e., pathway), that amounts to between about 50 percent

and 70 percent. The baffle ring 132 is also shown having a plurality of screw
holes 150 which are designed around the outer ring 132a. As shown in Figure 1,

25 the screw holes 150 will be configured to receive a suitable screw that will help
interconnect the baffle ring 132 to the chamber liner 130 and the liner support 134.
Other fasteners such as clamps could be envisioned that would supply the

necessary contact force to permit sufficient heat transfer.



the gas distribution plate 120. The gas distribution plate 120 has channel s
120a whi ch enabl e processing gases fed by gas feed ports 126 to be directed
into the WO 00/ 19481 -23 PCT/ US99/ 20890 chamber 100. Al't hpg% gb?iq (ﬁ)hovvn
inthis ex¥¥%8he ceramic window 122 nmay then be | owered P8 as
~distribution plate 120. In a preferred enbodi nent of the present invention,
the high density plasma etch chanber 100 is particularly well suited to
etch silicon oxide materials, such 5 as, for exanple, thermally grown
silicon dioxide (SiQz), TECS, PSG BPSG USG (undoped spin-on-glass), LTGQ
etc., while reducing the introduction of 4swanted contam nants. For

exenpl ary purposes only, to achieve the high density plasma conditions in

t he chanber 100, the pressure within the chanber is preferably naintained
bel ow about 80 nilorg; Hhtai ' : .6l i.s 10
preferably set to biél &Agm%gégggh%ﬁcrg%sd&g%ﬁ? e}fggﬁﬁv\gf tg.}g,ellnaehd nost
preferably to wppoit 134 508ccadanse witheonbehibortinedne of thedeestBinventuref &5 abl y

mai nt ai ned between about 2500 watts and about 700 watts, and nost
preferably at mefianed aboxs. g birer spppqry h34has tflgHblgavall F3dboxhigh it ch

brocesses, DI 06645, 48968 Ui e pSnse God doBHES AR MR tnal B AL fied ikiRAlE €

into the chanbér to generate esi et ching characterris

ment i oned spr eviqugipYies iHealebédEhdadlevel. hPgefearably Dethe URR bl Gallt1B8b B @8if8rical
confining parts (e.g. , the consunmabl es, including the chanber Iiner 130,
the baffle ri npdiigaiotetdntcpmpluably effingesc uds mengonetaboyedhe hsepappertas 112)
are generally innocyous ‘to.layers being fabricated on th fer 104. That
is, volatile e}grgﬁer%y M&SS?B%M{‘“‘P&%?QﬁfW‘Bﬁq 8ﬁgh‘i‘vﬁgg°[°ﬁéﬁva aces of the
wafer 104 will.ha,shviiyl A Wil A8Lpro0idetbob® ek BHHE twheR AR &H MRS
consunmabl es arceo%gﬁgg??,ded (li . €. p sputg'toered) vvi?h teh(aél pl asms? ner gi ess. As
an advant ageouspplied bl tthe héngesel 4001 Becatise the e testepsion li34xdisfiodted twthe

bonbar dnent of the consunabl es W.blﬁlf@j 0i n _t he nlormal volatile etch products.
25 This tifer ef la@benlpey 10rand the, gatfle il 320 fhe lqwepexieniom bif o williemag in
products from i Welok e &%pt f a
vacuum punp th%l? c.eecigﬁfrléét{égipp %Ie%gfﬁédﬁ{a%g’rwﬁ&ﬂgp f(é‘ J(;)ut etoftg%'? H%%ay%fﬂést\?/eg atile

product s from ¢drducHrsivrerdate $4 Brmayabd sble o fiex expactily ao ilfsyrated i Fagiré r om t he
waf er processi 3?8 WO 00/ 19481 PCT/ US99/ 20890 - 24

The heater 140 is preferably secured to the upper extension 134a using a

15 suitable number of screws 144 to ensure that the heat conductive interface 141 is
maintained all the way around the upper extension 134a. In a preferred
embodiment, the screws 144 will be capable of maintaining the heater 140 in
contact with the upper extension 134a with a pressure of about 1,000 pounds per
square inch.

20 When the high-density plasma etching chamber 100 is configured to
process an 8-inch wafer (i.e., 200 mm wafer), the liner support 134 may have an
inner diameter of about 14 4 inches. The thickness 170 of the flexible wall 134b
may range between about 1/16 inch and about 3/32 inch. The 1/16 inch dimension
is preferably used for processing temperatures ranging up to about 300° C, while

25 the 3/32 dimension is reserved for chambers having processing temperatures up to
about 1000° C.

The separation 176 between the lower extension 134¢ and the upper

extension 134a is preferably set to about 2%z inches, depending upon the chamber



region, substantially fewer levels of particulates and netallic

contamnants will interfere with the devices being fabricated on the
surface of 6 % r 104. Wiile this invention has been desgyd j erns
of several ‘& 3?@?‘ gd enbodi nents, it will be appreciated thg o%%&g illed
in the art upon reading the preceding 5 specifications and studying the
drawings will realize various alterations, additions, pernutations and

equi val ents thereof. Therefore, although specific details are provided with
respect to reducing contam nation for sem conductor wafers, such benefits
may al so apply to flat panel display substifates) and the |ike. Furthernore,
al though a preferred material for the consumable parts is pure silicon
carbide 10 {SiC), the material may also be a SiC coated material such as

Si C coated gr apBighe HWwePér, Bl draAtkd thSispathridh 1@ ik Othd GréferShe atldg to fill
porosity in reactgl on bonded SiC. As also nentioned previously, the

" consunabl e par resistage ah g lirer wepport Fdm Heareforelthe sapatatiag,176ii$ kemnustishorit de

(Si 3N4), boron carbide (B4C), .and boron .njtrjd BN). These materials all

have the desir SB?@WS?&H‘&%WPH@%@?WE& ‘I‘frgfhﬁﬁﬁf('}' %&ﬂ“fﬂﬁﬂ’_@é PEIORIQ0

nhon- cont am nat 'SIEQSSQ& gg"?eg‘%p%ratﬁ@g réhh 3bH4 ﬁh%@o%.o¢ﬂﬁk§ mplhry HickR&5879" €
the presen I aei gtl

i nt ended t hat I nvention I nclude all suc t'er ons,

addi ti ons, 5 per fiott tht nppe, exaendioaddiy & mofesabdp sdtad labwittHi dinchewhilelehespi rit and
scope of the invention. = WO 00/19481 -25 WHAT IS CLAIMED | S:

PCT/ US99/ 20890 exemplary hickiess b dlss omigy extaBsion: 1 342 istigfoabewatBanch. i ner and a
| i ner support, the ki L udi : i C i dto
surround an 5 exterE@gﬁéaﬁgﬁggg%Ph@ﬁ@ggﬁgﬁggykk?ﬁgg%ﬁ%%ghé égﬁsﬁ%&%é

bei ng spaced apaptoffFiginet3re inattordinck REthichrrdmtiodimne fof tie prisddi #8@Btion.
processi ng chanber as recited in Claim1, further conprising a heater

t her mal | y conndotfedlitate thedlexibiléty of thgplanar suppart 134 sigied fhteydefipediingo theeat
fromthe |jner su rt tothe ¢ r. liner. 3.~ A pl r ocessi ng
chanber a%b r ecis‘(dﬁg g?ﬂ‘edﬂ“ﬁf mpppnuﬁg?@ﬁﬁlqg@eplpfaiﬁgx Og{ﬁﬁ%gt %Sg%d rom
flexible alum | ; : R ki
material. 4. A%ﬁ%ﬁ%‘?@%é@%&dﬁgﬁ%@g@ gléh%L{e}giir% ed | nglh %ﬁg}ﬁ/ég%& e@gi n the

flexible wal |l i184¢.uBesauséd ttedinah pugipodi M4de pteferablyreecylsudpipaihyt shapeéduigt, the

plurality of fingers 15 which enable the flexjble wall to abhsorb thernmal
stresses. 5. ASHIAIR B5Y £ iR b8§°|1é@|r?‘éauthfh@ﬂ Lfuiakle G o8i n a

| over ext ensi Q%lebng?%%ﬁ%i]B@ﬁn HARRIHe il 15AE0 Therefork HEsoHARRY beredit 1 0N Of

t he chanber I|iner. asma processi ng chanber as recl alm1,
further cofpri siongl2Wisgrefafablyeset inagbdun 15 degreed. Howewar{ thai dctual kepacdimaiber

i ner and the |liner support, the baffle ring defining a plasma, screen
around an el ecbeoeeatheslolsdeR maycareang ﬁls‘écg‘ﬂﬁ‘? dgpengdng yror the diametes pinber .

the liner support 134 and the degree of flexibility that is desired. Also shown, are
the screw holes 150 which are defined in the lower extensions 134c.
To illustrate the flexibility provided by the liner support 134, Figure 3C
20 shows the liner support extending outwardly from a Y axis (relative to a horizontal
X-axis) to achieve a separation 133. In certain cases, the separation may be as
much as 1/16 inch, or more. Accordingly, the liner support 134 will
advantageously be able to withstand the thermal stress placed on the aluminum
material of the liner support 134, while insulating the less flexible chamber liner
25 130 and the baffle ring 132 from temperature deforming stresses.
Figure 4 illustrates how the chamber liner 130 is assembled with the liner
support 134 in accordance with one embodiment of the present invention. In this

embodiment, when the chamber liner 130 is made of silicon carbide, it will
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can have their electrical resistivity modified over a wide range. For example, the

erein

resistivity of SiC can be tailored for the specific application. When used for the
10 chamber liner 130 and the baffle plate 132, the SiC is modified to provide a low
resistivity that will facilitate the good conductive path to ground for the RF power.
On the other hand, high resistivity is needed when the part must have RF power
inductively coupled through it, in order to minimize power dissipation in the part.
Thus, high resistivity SiC is preferably used for the gas distribution plate (GDP)
15 120.
As shown, the screw holes 150 are configured to go through the chamber
liner 130 at a lower support section and then go into the liner support 134,
Generally, a suitable number of screws are used to interconnect the chamber liner
130 and the liner support 134 such that a good thermally conductive interface 156
20 is maintained. In this manner, the heat conducted through the liner support 134
may be thermally communicated to the chamber liner 130 and the baffle ring 132.
In this preferred embodiment, the liner support 134 is preferably spaced
apart from the chamber liner 130 by a space 154. The space 154 is preferably set
to about 1/16 inch. This separation is generally desired because the liner support
25 134 is configured to flex as described with reference to Figure 3C. For a 200 mm
wafer chamber, a diameter 179 of the chamber liner 130 is about 14 inches. The
thickness of the chamber liner 130 is preferably set, in this embodiment, to be

between about 0.1 inch and about 0.3 inch, and most preferably, to about 0.2 inch.



boron nitride (BN). 5 15 . A plasma processing chanber as recited in Caim
11, further conprising an RF energy source which inductively couples RF
energy through the gas distribution plate and generates a high S i

plasma in 9Wgo%ﬁﬁﬁ%er. 16. A plasma processing chanber as rggﬁgjggiw&élaim
1, wherein the RF energy source conprises a planar antenna. 10 17. A plasm
processi ng chanber as recited in Caiml, wherein the liner support further
i ncl udes an outer support thermally connected to a | ower extension of the
“liner support, the outer support being in thernmal contact with a water
cooled top plate nmounted on the chanber. 1®.- A plasma processing chanber as
recited in aiml, wherein the 15 chanber is a plasma etching chanber. 19.

" A plasma processing chanber as recited in Claiml1, wherein the liner
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20 20. A plasma processing chanber as recited in Claim1l, wherein a cast
heater ring is in tAdsnshoweghthecouieh UpPethd 31 Which ds theamally eonaesiediiather i ng
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the plasma processing chanber as recited in daim1l, wherein a
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t enperat ure 105a0khn bé sl tpaontrolf the hemmpehanteeof, the biganther émes U pand thbei ng
di mensi on%ﬂ t Oinqjerrr]xialniezg?ons of the chamber. Accordingly, through the combined simultaneous
control of both the heater 140 and cooling ring 121, the temperature of the
chamber liner 130 can be maintained to within less than +10 degrees C from a no
plasma condition through a sustained plasma on condition. Thus, the first wafer
etched can be etched with the same chamber liner 130 temperature as the last wafer
15 etched, to within the -+ 10 degrees C variation.

Figure SA shows a partial cross-sectional view of the chamber liner 130,
the liner support 134, and the baffle ring 132 assembled in accordance with one
embodiment of the present invention. As shown, the chamber liner 130 and the
liner support 134 are assembled to achieve a good thermal conductive interface 156

20 as described above.

As mentioned above, the outer support 131 is thermally connected to the
lower extension 134c through a plurality of screws 135. The outer support 131, in
a most preferred embodiment, has a flexible wall 131a, which is shown to be
thermally connected to the top plate 124. A side view of the outer support 131 is

25 also provided in Figure 5B, to illustrate how a plurality of fingers 131d, separated
by a plurality of slots 131c, assist in providing the necessary flexibility to the
flexible wall 131a. The top plate 124 is further configured to receive the cooling

ring 121 on a top lip of the top plate 124. Of course, other configurations for
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secured together using a plurality of screws 150'. Preferably, the screws 150" are
fitted through a spacer ring 131b which is in direct contact with the inner ring
132a of the baffle ring 132, a spacer 131a’, and the chamber liner 130.
The spacer ring 131b and the spacer 131a’ are preferably made of
aluminum and provide a good surface for applying pressure to the screws 150’ and
25 the brittle surfaces of the baffle ring 132 and the chamber liner 130. That is,
because the baffle ring 132 is preferably a ceramic, applying too greater of a force
with screws directly to the baffle ring may cause a crack in the baffle ring or the

chamber liner 130. Once the screws 150" are secured all the way around the
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chamber, the chamber liner, the baffle ring and the liner support (i.e., the
consumable parts) will be ready for use in the high density plasma etching chamber
100 of Figure 1. As used herein, these parts are referred to as consumable parts,
however, when silicon carbide (or other alternative materials described herein) is

5 used for the parts that confine the high density plasma, these parts will have a
longer lifetime, and therefore, a lower cost of consumables.

When replacement is needed, these parts may be swiftly replaced with
replacement parts (i.e.. using a quick clean kit). Because the liner support 134 is
not designed to be in contact with the high density plasma, it may not wear out as

10 fast as the chamber liner 130 and the baffle ring 132. Thus, the liner support 134
may be removed from worn out consumable parts (that may be cleaned off-line and
re-used or discarded), and then used with the replacement consumable parts.

When the chamber is being used in fabrication where chamber down time
translates into lower yields, the ability to quickly replace these consumables will

15 have the benefit of reducing the mean time to clean the chamber.

Figure 6 illustrates a three-dimensional assembled view of the chamber
liner 130, the baffle ring 132, and the liner support 134, in accordance with one
embodiment of the present invention. As shown, the top surface of the upper
extension 134a of the liner support 134, is configured with a plurality of screw

20 holes that will receive the heater 140. Along the walls of the liner support 134 are
the plurality of slots 152 that define fingers configured to flex in response to
temperature variations. A wafer entry port 160 is defined in the wall of the
chamber liner 130 to enable the passage of a wafer into and out of the chamber
100. Typically, the wafer is preferably passed into the chamber using a robot arm

25 which must partially fit into the port 160, and release the wafer once over the
electrostatic chuck 106. Therefore, the port 160 should be large enough to receive
the wafer and robot arm, but also maintained small enough to not disrupt the

plasma profile over the wafer. As shown in Figure 7, an insert with a slot in the
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also defined in the chamber liner 130. The through holes 162 may include holes
5 for probing the pressure within the chamber during processing, and for optically
detecting the endpoint in a particular process. Also shown with greater detail are
plurality of holes 161 which are used to receive the screws 144 for holding down
the heater 140 to the upper extension 134a of the liner support 134.
Figure 7 shows another three-dimensional view of the assembled chamber

10 liner 130, liner support 134, and the baffle ring 132. From this view, the port
hole 160 used for passing a wafer to the electrostatic chuck 106, is shown in
greater detail. Also shown are the teeth 132b of the baffle ring 132. The teeth
132b therefore extend in close proximity to the pedestal 112 to screen the plasma
from the lower part of the chamber as shown in Figure 1.

15 Figure 8 shows an exploded view of portions of the high-density plasma
etching chamber 100 of Figure 1 in accordance with one embodiment of the
present invention. This view shows the spacer ring 13Ib that is used in the
assembly of the baffle ring 132, the chamber liner 130, and the liner support 134.
This perspective also illustrates how the heater 140 is applied over the top

20 extension 134a of the liner support 134. The heater 140, as shown, is preferably a
cast heater. Of course, other types of heating systems may also work. When the
heater 104 is appropriately secured, a good thermal contact will be made with the
liner support 134.

The power connection 142 is also shown, which will be passed through a

25 hole 124a in the top plate 124. The top plate 124 is shown capable of receiving
the gas distribution plate 120. The gas distribution plate 120 has channels 120a

which enable processing gases fed by gas feed ports 126 to be directed into the
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etch chamber 100 is particularly well suited to etch silicon oxide materials, such
5 as, for example, thermally grown silicon dioxide (Si0,), TEOS, PSG, BPSG, USG
(undoped spin-on-glass), LTO, etc., while reducing the introduction of unwanted
contaminants. For exemplary purposes only, to achieve the high density plasma
conditions in the chamber 100, the pressure within the chamber is preferably
maintained below about 80 mTorr, and the RF coil 128 (i.e., top electrode) is
10 preferably set to between about 2500 watts and about 400 watts, and most
preferably to about 1,500 watts. The bottom electrode 108 is preferably
maintained between about 2500 watts and about 700 watts, and most preferably at
about 1,000 watts. In typical high density oxide etch processes, process gases
such as, CHF,, C,HF; and/or C,F are introduced into the chamber to generate the
15 desired etching characteristics.

As mentioned previously, the materials that can be used for the plasma
confining parts (e.g., the consumables, including the chamber liner 130, the baffle
ring 132, the GDP 120, the focus ring 114, and the pedestal 112) are generally
innocuous to layers being fabricated on the wafer 104. That is, volatile etch

20 products that result from etching the surfaces of the wafer 104 will be similar to
the volatile products produced when the consumables are bombarded (i.e.,
sputtered) with the plasma energies. As an advantageous result, these volatile
products produced from ion bombardment of the consumables will join the normal
volatile etch products.

25 This therefore facilitates the removal of these combined volatile products
from the internal region of the chamber 100 through the use of a vacuum pump
that connects to the chamber. Due to the fact that the volatile products from the

consumables are able to be expeditiously removed from the wafer processing
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mterfere w1th the devices being fabricated on the surface of the wafer 104. While
this invention has been described in terms of several preferred embodiments, it
will be appreciated that those skilled in the art upon reading the preceding
5 specifications and studying the drawings will realize various alterations, additions,

permutations and equivalents thereof. Therefore, although specific details are
provided with respect to reducing contamination for semiconductor wafers, such
benefits may also apply to flat panel display substrates, and the like. Furthermore,
although a preferred material for the consumable parts is pure silicon carbide

10 (SiC), the material may also be a SiC coated material such as SiC coated graphite,
or principally SiC with 10 to 20% Si added to fill porosity in reaction bonded SiC.
As also mentioned previously, the consumable parts may also be made from
materials such as, silicon nitride (Si;N,), boron carbide (B,C), and boron nitride
(BN). These materials all have the desirable characteristics of having high etch

15 resistance, non-contaminating elements, and volatile etch products.

It is therefore intended that the present invention include all such

alterations, additions, permutations, and equivalents as fall within the true spirit

and scope of the invention.
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support, the liner support including a flexible wall configured to surround an

5 external surface of the chamber liner, the flexible wall being spaced apart from the

wall of the chamber liner.

2. A plasma processing chamber as recited in Claim 1, further comprising
a heater thermally connected to the liner support so as to thermally conduct heat

from the liner support to the chamber liner.

10 3. A plasma processing chamber as recited in Claim 1, wherein the liner
support is made from flexible aluminum material and the chamber liner comprises

a ceramic material.

4. A plasma processing chamber as recited in Claim 3, wherein the
flexible wall includes slots which divide the liner support into a plurality of fingers

15 which enable the flexible wall to absorb thermal stresses.

5. A plasma processing chamber as recited in Claim 4, wherein a lower
extension of the liner support is fixed to a lower support section of the chamber

liner.

6. A plasma processing chamber as recited in Claim 1, further comprising
20 a baffle ring in thermal contact with the chamber liner and the liner support, the
baffle ring defining a plasma screen around an electrostatic chuck located in a

central portion of the chamber.
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8. A plasma processing chamber as recited in Claim 1, wherein the
5 chamber liner is made from one or more of silicon carbide (SiC), silicon nitride

(Si,N,), boron carbide (B,C), and boron nitride (BN).

9. A plasma processing chamber as recited in Claim 1, wherein the
chamber liner has low electrical resistivity and is configured to provide an RF path

to ground.

10 10. A plasma processing chamber as recited in Claim 1, further
comprising a gas distribution plate defined over an electrostatic chuck, the gas

distribution plate having high electrical resistivity.

11. A plasma processing chamber as recited in Claim 10, wherein the gas
distribution plate is made from one or more of silicon carbide (SiC), silicon nitride

15 (Si,N,), boron carbide (B,C), and boron nitride (BN).

12. A plasma processing chamber as recited in Claim 1, further
comprising a focus ring and a pedestal supporting the focus ring and an

electrostatic chuck.

13. A plasma processing chamber as recited in Claim 12, wherein the
20 focus ring and the pedestal are made from one or more of silicon carbide (SiC),

silicon nitride (Si;N,), boron carbide (B,C), and boron nitride (BN).
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$b} 2?aS40359610% &' 6 Aglaspwy proggssing champey,as recited in Claim 11, further

comprising an RF energy source which inductively couples RF energy through the

gas distribution plate and generates a high density plasma in the chamber.

16. A plasma processing chamber as recited in Claim 1, wherein the RF

energy source comprises a planar antenna.

10 17. A plasma processing chamber as recited in Claim 1, wherein the liner
support further includes an outer support thermally connected to a lower extension
of the liner support, the outer support being in thermal contact with a water cooled

top plate mounted on the chamber.

18. A plasma processing chamber as recited in Claim 1, wherein the

15 chamber is a plasma etching chamber.

19. A plasma processing chamber as recited in Claim 1, wherein the liner
support includes an upper extension, a flexible wall, and a lower extension,
wherein the flexible wall and the lower extension have a plurality of slots that

define a plurality of fingers in the liner support.

20 20. A plasma processing chamber as recited in Claim 1, wherein a cast

heater ring is in thermal contact with the liner support, the heater ring including a
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22. The method of processing a semiconductor substrate as recited in
Claim 21, wherein the chamber liner is a ceramic material and the liner support
includes an outer support extending between the liner support and a temperature
10 controlled part of the chamber, the outer support being dimensioned to minimize
temperature drift of the chamber liner during sequential processing of a batch of

semiconductor wafers.

23. The method of processing a semiconductor substrate as recited in
Claim 21, wherein the chamber liner is a ceramic liner which is removed from the
15 chamber and replaced with another ceramic liner after processing a predetermined

number of semiconductor wafers.

24. A plasma processing chamber as recited in Claim 1. wherein the
chamber liner includes a water entry port enabling passage of the wafer into the

chamber.



