REPUACEABLE UPPER CHAMBER PARTS OF PLASMA PROCESSI NG APPARATUS 100011 This
application clains priority under 35 U.S.C. 119 to-U-S—previsional -
application No. 61/241, 321 entitled REPLACEABLE UPPER S5 CF
PLASMA PROCESSI NG APPARATUS, filed Septenber 10, 2009, [M’ﬂwcomem
of which is hereby incorporated by reference. FIELD ON [ 0002]
The present invention relates in general to sem conductor *SebStrate 10
manuf act uri ng technologies and in particular to a replacenent parts of an
upper chanber sect| on q{g o2AHE EDAPER op AIRIETORNR SO BHEMENT! ON
[0003] In the processing of a substrate, e.g., a sem conductor substrate or
a gl ass 15panel such as one usaERROGESEENG pPPARATERI ay manuf act uri ng,
plasma is often enployed. As part of the processing of a substrate for
exanple, the substrate is divided into a plurality of dies, or rectangul ar
.areas, each of which will beconme an integrated circuit. The substrate is

t hen process¢@b0lh ahseappdisatain daiﬁﬂ$rioﬁtw\ﬁ1idah3ﬁrm.@.(j.@ﬂw-w@.sspiwtdidnael y
renoved (etching) .and deﬁp5|ted ep05|t|on%Ain order to 20formelectrical

conponent st RBPIEGHON Pooblp+].A2 hentiled gl AC EABLFU PPER SSHIMBIERIBAR IS e i s
coated wi th i pi AsFA m@cmm@n&ﬁpmﬂmsnrméd nﬁmm&!}% Ao eRALAL esi st
mask) prior to etching. Areas of the hardened I'sion are then selectively
renoved, causbmgntodivgocteistherably indveparactd blyyefegencayer t o becone exposed. The
substrate is then placed in a plasma 25processi ng chanber on a substrate
support structure conprising a nono-polar or bi-

FIELD OF THE INVENTION

[0002] The present invention relates in general to semiconductor substrate
10 manufacturing technologies and in particular to a replacement parts of an upper

chamber section of a plasma chamber.

BACKGROUND OF THE INVENTION
[0003] In the processing of a substrate, e.g., a semiconductor substrate or a glass
15  panel such as one used in flat panel display manufacturing, plasma is often
employed. As part of the processing of a substrate for example, the substrate is
divided into a plurality of dies, or rectangular areas, each of which will become an
integrated circuit. The substrate is then processed in a series of steps in which
materials are selectively removed (etching) and deposited (deposition) in order to
20  form electrical components thereon.
[0004] In an exemplary plasma process, a substrate is coated with a thin film of
hardened emulsion (i.e., such as a photoresist mask) prior to etching. Areas of the
hardened emulsion are then selectively removed, causiﬁg components of the
underlying layer to become exposed. The substrate is then placed in a plasma
25  processing chamber on a substrate support structure comprising a mono-polar or bi-
polar electrode, called a chuck or pedestal. Appropriate etchant source are then
flowed into the chamber and struck to form a plasma to etch exposed areas of the
substrate.
[0005] Referring now to FIG. 1, a simplified diagram of inductively coupled

30  plasma processing system components is shown. Generally, the plasma chamber
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pol ar el ectrode, called a chuck or pedestal. Appropriate etchant source are
then flowed into the chanber and struck to forma plasma to etch exposed
areas of the substrate. [0005] Referring nowto FIG 1, a sinplified

di agram of inductively coupled 30 plasna processing system conponents is
shown. Generally, the plasma chanber 111111111111121121111121111111 *&00002*
(chanber) 202 is conprised of a bottom chanber section 250 formng a
sidewal | of the chanber, an upper chanber section 244 also formng a

i dewal | of the ch r., and.a.cqver 252 appropriate set o es is
I owed i nto SHameD B83¢ potim SaStE SorFmishenBr Sl ChSn Sl S
processi ng gaeehaiiib¥r, A uppersBament de¥ti DY Ao idOs dwal S8 cBaber] N
order to process (e.g., etch or deposition) exposed areas of substrate 224,

such as a sernhéersdvart’dr. sumppraprigtenet of gasesis floaired intocbamben93 fwim gaedge

ring 215 on an.el ectrostaty uck .(chuck) 216. Gas di,stribution system 222
I's commonly ?(ljsrtrng?uﬁ?géy%‘gmcjgzpﬁggsse dgsgﬁ%asprg%ﬁslswgéages(r%ﬁbes hmue tg’nt ai ni ng

pl asma pr ocessiing 1@ E6®S a pRis@a 2204ihdrddeAdprockddia.g., Ctdhfo? de@%ﬂtior%@f(pos@iﬁ F,
C2F4, N2, 1002, Ar, Xe, He, H2, NH3, SF6, BCl3, Cl2, etc.). [0006]

I nducti on coidFeapgfisybstraie gatawuehias # spmicardustos swestisie of alassaens.inosioebw 204
formng the e ] : RS Tool lLJB- varyi ng
el ectric cur ;&ﬂﬁ;{édlgﬁ%![n %g@%loggﬁngﬁgﬁg%%g@%?@gﬁé%ggg oé ' cGrAesgﬁ %{ﬁg écglré'ls %ﬁb The
wi ndow bot h [22dtieainsmonig¢omprisedodfi donfpressedogayEn@20 (noa sitbvad)| contirtihe

o asia.pr oceBLTY REAARIES SRS Mot Haohticito dHatoct [oR ot BEwsh |
mat chi ngpet \@[J@r,zjg%ge?p{g,mx e, ﬁgg}?g{ﬁg?ppl ed to RF generator 234.

Mat chi ng network 232 atténpts to matc e’ i npedance of RF generator 234,
whi ch typi call0806ppdnditction aoil 2BbistsepBatst fivinr tharpdasatachyt a &ibleotrivsyintdow 204t  of

the plasma 220. .Additional l second RF, energy.spurce .238 nma so. be 20
coupleq ¢ hr odgimRG PG Wl b P SBFRPGr ARSIV e SYmer T ORagIeorS
create a bi aguMbdthn tHeeIRRSHBcesding gdids 86 brehRPHIRMRSIM. AMRYKVihAGMHSHH UCt ur es
within the plasma processing systemand toward the substrate. Gases and

bypr oduct s ameoteessnduetidor eih frome plasmat?d, and allopigike gaerated RF ficld 208 to

15  generate an inductive current 211 within the plasma processing chamber. Further
coupled to induction coil 231 is matching network 232 that may be further coupled
to RF generator 234. Matching network 232 attempts to match the impedance of RF
generator 234, which typically operates at about 13.56 MHz and about 50 ohms, to
that of the plasma 220. Additionally, a second RF energy source 238 may also be

20  coupled through matching network 236 to the substrate 224 in order to create a bias
with the plasma, and direct the plasma away from structures within the plasma
processing system and toward the substrate. Gases and byproducts are removed
from the chamber by a pump 220.

[0007] Generally, some type of cooling system 240 is coupled to chuck 216 in

25  order to achieve thermal equilibrium once the plasma is ignited. The cooling system
itself is usually comprised of a chiller that pumps a coolant through cavities within
the chuck, and helium gas pumped between the chuck and the substrate. In addition

-to removing the generated heat, the helium gas also allows the cooling system to
rapidly control heat dissipation. That is, increasing helium pressure increases the

30  heat transfer rate. Most plasma processing systems are also controlled by
sophisticated computers comprising operating software programs. In a typical

operating environment, manufacturing process parameters (e.g., voltage, gas flow
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[ 0007] Generally, some type of cooling system 240 is coupled to chuck 216
in 25order .to achieve thermal equilibriumonce the plasna is ignited. The
cooling systemitself is usually conprised of a chiller that punps a
cool ant through cavities within the chuck, and helium gas punped between
the chuck and the substrate. In addition to renoving the generated heat,
the heliumgas also allows the cooling systemto rapidly control heat
di ssipation. That is, increasing heliumpressure increases the 30heat

transfer rate.. Most. pl asma processi{ng systens e also controlled by
Sophi st cat edEoHPICEr BVE BB G oy Brartirig bl 8 ppaphfpiibney
typi cal oper gtddeshiS¥steRNIRIY speomRutaps.uri ng process paraneters (e.g.,
voltage, gas flow mx, gas flow rate, pressure, etc.) are general

confi gured fd9008] pdnaidtipmra lmaﬁsgranqoms%i@g@pﬁga@y§t1@maameratestp@@nwld¥¢ eci pe.
0008] In addgjti a fi i 4 ) t
E:ont rLI t he S éé’%%eg%}ﬁeuorf}e}ﬁ%’flﬁﬁé:ﬁl%%%eg%g%llog%g? seegéllg%ggg’ﬁg%%g%ﬁggrp gsmca)

processi ng app2akadhuhatxBO thnetiSifdchaf tHeippendhambetisdetie 244, Wlliéh isprpssed@hanber
section 244, which is exposed to the plasm duringH%Peration, IS maintai ned

at a control llethed3sprrdiringoperptane maikaingthat eteHed epipsraitgs Thae i s
f db i : i I i d
ormed by Se\ﬁ%étﬁl# Qﬂd[%ggg%‘ép#?% 1605 g a rﬁﬁ)feﬂ evdidl d’-l{ffgx\éhfjﬁyg%k‘nﬁ?eﬁal ng an

cool i ng operati ons e upper section Itse i's conmonly
construct ed fto provpledsittahdabing and taslingnpestioas.s that either will ground or

are transpar o.the generated RF field within the plas rqQcessin
system (el.og. ﬁb‘@it edﬁpgﬁr shsesfiomteiihis cemmancons ‘?tj’ggﬁg‘d’i%ﬂ“ﬁ)rg

exanpl e, 1phe rpypRst neEHrehaf et A1 ERNESr AreRRPREH tPIRRn&htedIRINEOYM
whi ch can be renoved for cleaning or replacenent thereof. The inner

15sur f ace of withen thepdasnirantessing eystémite.gs coated erwisbgted alamanumyj ¢ekamicpl asma
resistant materjal such as a thermally sprayed yttria coating. Cleaning is
problenaticieakhat the ceramic coatings of this type are easily danaged

and due to theoRgNFiok exAnPeOBe aphrEhFhb&AREd &R adthAHBRIieceldf 1S
sonetinmes preferred to replace the upper chanber section rather than renove
it for cleaniagninum which can be removed for cleaning or replacement thereof. The inner

15  surface of the upper chamber section is preferably coated with a plasma resistant
material such as a thermally sprayed yttria coating. Cleaning is problematic in that
the ceramic coatings of this type are easily damaged and due to the sensitive
processing of some plasma processes, it is sometimes preferred to replace the upper
chamber section rather than remove it for cleaning.

20  [0011] In addition, correctly reseating the upper chamber section after
maintenance is often difficult, since it must properly be aligned with the bottom
chamber section such that a set of gaskets properly seal around the upper chamber
section. A slight misalignment will preclude a proper mounting arrangement.
[0012] The volume of material in the upper chamber section also tends to add a

25  substantial thermal mass to the plasma processing system. Thermal mass refers to
materials have the capacity to store thermal energy for extended periods. In general,
plasma processes tend to very sensitive to temperature variation. For example, a
temperature variation outside the established process window can directly affect the
etch rate or the deposition rate of polymeric films, such as poly-fluorocarbon, on the

30  substrate surface. Temperature repeatability between substrates is often desired,
since many plasma processing recipes may also require temperature variation to be

on the order of a few tenths of degree C. Because of this, the upper chamber section
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20[ 0011] In addition, correctly reseating the upper chanber section after
mai ntenance is often difficult, since it nmust properly be aligned with the
bott om chanber section such that a set of gaskets properly seal around the
upper chanber section. A slight msalignnment will preclude a proper
mounting arrangenent. [0012] The volune of material in the upper chanber
section also tends to add a 25substantial thermal nass to the plasm
processi ng system Thermal nass refers to naterials have the capacity to

store thermal. eper f.or extende riods..ln general, plasma processes
tend to very%‘éﬁ@ 1?%4?& (’[rtfo?l@ﬁ’b’?epgifﬁg’e“g%?‘i‘%“iy a.‘ln'igﬁlrtlllsi? POt BHPYBr at ur e
variation outeiaBRshelaffeddt.i shed process wi ndow can directly affect the

etch rate or the de‘&(?'sition rate of gé)l yneric filnms, such as
pol y-f 1 uor ocdf®i, Amtheplaseedsissitedttae sibstrate ebsoTemthermenl gnergy.eplish &bi | ity

bet ween substrates is often.desired, sin ma | asma _processi ng reci pes
may al so reqt?lugseeq'tl%lr%%er?%a{sﬂ?eg a9§|ﬂfeéltrlblgﬂv?cf)tﬁboélggﬁh{)%oéﬁlf}g agﬁlefo iﬁ“ﬁ“g?ﬁ nt hs
of degreesC. upperadhamber sechibs cart hrethupRgly Ghasel, 1$e6velPblashfa pfrbéssingeat ed or
cooled in order to substantially maintain the plasma process within

est abl i shed paayasawies smpemgurgchanges uring mylpsten progassingdindtitimag best r at e
absor bs ther I ' L ShaSiHR ved

t hrough t he Ezﬁg{:) Slgér% t(ggesatt\éﬁry]@%ietglw se?g%ﬁgﬂgé %Bﬁg?ﬁ%{rﬁgﬂﬁogr@qgg?%%%?g@n be
thermal |y cor3fpl40ed50 blol¥€ror apy sedifRratie s shetgediyhdredsithe pribreupper at ur e
changes durin |ti-step processing and it may be necessary to heat the
upper chanbercgg‘gg‘?risﬁ?flqné weéﬁﬁgkaéwgéo‘m&s@p% °S QQ ?°1d209¥§%§,- o, 150
or 160C qp amyoHef MRAfIcRlties chd £ - j SR hamber
sections were grun at rrucﬁ fomg{ugggﬁn%%rgﬁlgﬁ}gg&g% I%E%@%rﬁge of g‘%&& The 10
hi gher t enperamppesntesuch@atiedatodedianddiet sectioe.r Earsexamipte, ifatijsalesitad te rod

dj t t h th it ti F le, if it
" Gosi T eq 1 O ber Rtk SFeion Gnd SN S RE HEIFRRIra BoRp ) IompAGRBR (1% W ndow
at tenperat Uryeger@f 1308 BI0YEan@thelbdohOchhaiber atod Q@ank’&EﬁtQ%?&@l‘ﬁp&rofseCt ion

at anbi ent tenperatures of about 30C, heat fromthe nuch hotter upper
chamber sect iabputAC rhegtrpmithe mueh hettestuppen dirmbbresectercednofovaindo the se its

t enper at yge u[_tfic'enl to affect th | asma pr.ocessi.n ondi tj ons seen by
he’ sem ¢ondddreh anbe sblordiEse iR irRa R AERGERE S YRR RS Trom
the upper chaphREsisEednddtionIBYerCiLhe séhRosdREdIs@barate THRIshdat BowO vary
out si de narrow reci pe paraneters. )

variations originating from the upper chamber section may cause the substrate

temperature to vary outside narrow recipe parameters.

[0014] In view of the foregoing, replaceable upper chamber parts having desired

20  features which cooperate to optimize plasma processing in a plasma processing

system would be of interest.

SUMMARY OF THE INVENTION
[0015] In a preferred embodiment, a replaceable top chamber interface of an upper
25  chamber section of a plasma reaction chamber in which semiconductor substrates
can be processed, comprises a monolithic metal cylinder having a uniform diameter
inner surface, an upper vacuum sealing surface extending horizontally away from
the inner surface and a lower vacuum sealing surface extending horizontally away
from the inner surface; the upper annular vacuum sealing surface adapted to seal
30  against a dielectric window of the plasma chamber; the lower annular vacuum
sealing surface adapted to seal against a bottom section of the plasma chamber; a

thermal mass at an upper portion of the cylinder, the thermal mass defined by a
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[0014] In view of the foregoing, replaceable upper chanber parts having
desired 20.features which cooperate to optim ze plasnma processing in a
pl asma processing systemwoul d be of interest. SUMVARY OF THE | NVENTI ON
[0015] In a preferred enbodi ment, a replaceable top chanber interface of an
upper 25 chanber section of a plasma reaction chanber in which
sem conduct or substrates can be processed, conprises a nonolithic netal
cylinder having a uniformdianeter inner surface, an upper vacuum sealing

surface extendi,ng horizontally a from.the inner surface and a | ower
vacuum seal i ﬁ’ﬂdgﬂ’rﬂ Ofgtﬁ‘? 8#3{4?5%%}5’%‘2%9%‘@?“’3%“3%r?f‘feﬁéuri??'ﬁ‘?er surface;
the upper annutealingaerialy &dkd Mo uE rfRREe, A MeRRali%ass B8ing IFedBRI DSt A
di el ectric w ndow of the plasma chanber; the | ower annular vacuum seal i ng

surf ace adaptpeevidoazimathahigaipesturg ubotmity eftbe imer sifrfacheangdlagdbermat hbokser ; a

thermal mass _at.an _upper tign of the cylinder, the.thernmal nmass defined
by a wider ﬁg"rl%(?%eﬁ pg&c{nhééq%?/fﬁwggﬁ'er%eéﬁ%%é)ﬁn{rﬂrglzieﬁﬁélffegBﬁ%ﬁ%crgﬁcfg%n out er
surface egt eneiedyaeeirh iséainlgsuffheytHetBertiaP Biokel RAGET by Behih BREBEctIMASS bei ng
effective to _provide azinuthal tenperature uniformty of the inner surface,

and a t her naiharikgedhigkness phlgss thap P25 dnchoand: gxéending at drast 2% Yoefiths/length of
mnimze tra t across the 5l ower vacuum sealing surface, the
t her nmal chokgﬁ%@f’rﬁgggﬂgé a thin metal section having a thickness of |ess
than 0.25 i ngM0Eehd Iexhethel enbalimbgtas teplizedbloividdoey bfemaippepEhanitrr kavsien
surface. [001 n anot her enbodi.nment, a replaceabl e wi ndow of an upper
chanber sect ioglﬂ piﬂsmé rﬁchgﬁﬁﬁ?’ﬁ]é‘?t”il SudysemieandpeiongibstratesrAnsiapeastrd,

AP L6 SR ARSI AL S g o

t hi ckness, at igured to receive a tenperature
moni t ori ng sensigyreditozceivern sagleratgresnoifimciag adept, @advavaus sedlinggaifast an

upper vacuum seal | surface of a top chanper ipterface, and a ceptral bore
cgﬁfi gur ed t(?a?lgﬁae{](\%galaagfiglﬁt %@Heﬁfﬁ‘@fl@rs%ﬁ?&wrﬁ@?f’ afop Cﬁlﬁ@ggrslgt Sinto
the center ofand BRefPABBRY contighil o teckiVe @ topbAsiBlecRIRAIHTRN ers Prétss g8l i very

system configured to supply gas to side injectors nounted in a sidewall of
the top chantelp thewenter of thechapbeses bi furcated gas |ines which receive

Lunt o 935 148817, RTINS e R A B S R BT,
can include 8idenpjectbRrBoHedmLd didswdllofahé APIBEMBECHRH ace comprises
bifurcated gas lines which receive tuning gas from a common feed and gas tubes
arranged to flow the tuning gas equal distances from the common feed to the
injectors. The side injectors can include 8 injectors symmetrically arranged around
20  the top chamber interface and the gas lines can include eight gas lines of which two
primary gas lines of equal length extend from the common feed, two secondary gas
lines of equal length extend from the outlets of the primary gas lines and four
tertiary gas lines of equal length extend from outlets of the secondary gas lines. The
primary gas lines are longer than the secondary gas lines and the secondary gas lines
25  are longer than the tertiary gas lines. The primary gas lines are connected to
midpoints of the secondary gas lines and the secondary gas lines are connected to
midpoints of the tertiary gas lines. The gas delivery system is designed to fit within a
small volume defined by an annular recess in the outer surface of the top chamber
interface. '
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20 the top chamber interface and the gas lines can include eight gas |ines
of which two primary gas lines of equal length extend fromthe conmmon feed,
two secondary gas |lines of equal |ength extend fromthe outlets of the
primary gas lines and four tertiary gas |lines of equal length extend from
outlets of the secondary gas lines. The primary gas lines are |onger than
the secondary gas lines and the secondary gas |lines 25are | onger than the
tertiary gas lines. The primary gas lines are connected to m dpoints of the

secondary gas lines a Qﬁ§¥ { d to mdpoints
of the tertiary gas |P%%§5§?§§E§§§?géfive §E§§§%3@$¥§P§§§§§§ed to fit
wi thin a smal[porg)! W16, dehowes simplidied AMpHnRbf h BREHS '!rdbegsw%l fegf; surface of
the top chanber interface. 30 p ERIEFpDESCRI | ON OF THE

DRAW NG FI GUREE S 0016} 2 shaws a perripresive viswngi anfaxemptarn pleaimns sharbgs e
Do itk Ao L g MG B AL SRECL B R Ll ISR,

pl asma chanber and a
si de i nj et orasdascridudperginsyst em 5as descri bed herein. [0020] FIGs. 3A-D

show details of a to% chanber interface as described herein, [0021] FIGs.
4

4A-H show detl@3 JilGs nlhthor dFtetiy adeB chama inferasens degbef hpreis.  5A- K
show detal 'S 10021 €S HRH LRMEEIMALIAIHEEviRI BEIABSFRLERA her el n.

10[ 0023] FI Gs. 6A-B show detal a gas 1 njector nounts in an
openi ng i n t H8022] ddulais] SAK shvev daqpilsodfandidr gasnbjecticnodelisay systemufesénted gas by
the side gas,injection system DETAILED DESCRI PTI ON OF THE | NVENTI ON
15[ 0024] Thelﬁf ent invention will now be described in detail wth

ref erenceqot o [gof33W HIGES €A BEhot sl Bt S i) 8¢t610k hidE niduhtish aabBEhihid he
acconpanyi ng drawings. In the follow ng deScription, numerous specific
details are dghe siflewalhof the typdehamber wmtestace endiistshpplindggas byidley Sdagasi ng of t he
pr esent invenLiqn. lt. will be apparent, however, to one skilled in the art,
that the preé@ﬁf“ﬁﬁ%@ﬁ??on may be practiced w thout sonme or al

DETAILED DESCRIPTION OF THE INVENTION
15 [0024] The present invention will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in the accompanying drawings. In
the following description, numerous specific details are set forth in order to provide
a thorough understanding of the present invention. It will be apparent, however, to
one skilled in the art, that the present invention may be practiced without some or all
20  of these specific details. In other instances, well known process steps and/or
structures have not been described in detail in order to not unnecessarily obscure the
present invention. As used herein, the term “about” should be construed to include
values up to 10% above or below the values recited.
[0025] Described herein are replaceable parts of an upper chamber section of a
25  plasma chamber such as that illustrated in FIG. 2. The parts include a ceramic
window, top chamber interface and side gas injection delivery system.
[0026] The plasma system shown in FIG. 2 includes a chamber 10 which includes
a lower chamber 12 and an upper chamber 14. The upper chamber 14 includes a top
chamber interface 15 which supports a dielectric window 16. An RF coil 18 overlies
30 the window and supplies RF power for energizing process gas into a plasma state
inside the chamber. A top gas injector is mounted in the center of the window for

delivering process gas from gas supply line 20.

-6-



200f these specific details. In other instances, well known process steps
and/ or structures have not been described in detail in order to not
unnecessarily obscure the present invention. As used herein, the term
"about" shoul d be construed to include values up to 10% above or bel ow t he
val ues recited. [ 0025] Described herein are replaceable parts of an upper
chanber section of a 25plasma chanber such as that illustrated in FIG 2.
The parts include a ceram ¢ wi ndow, top chanber interface and side gas

i njection delj y st 00261, .Th | as syst.e ho in. ELG

ot udes o LY FRE AR MARERREOSt s BRERa B B ACEYS, s pATs sl
chanmber 14. Thev uphetors R intdfic8qSUBES 38 i aRidehasdigectionheyie@ce 15 whi ch
supports a dielectric wi ndow 16. An RF coil 18 overlies 30 the w ndow and

suppl i es RF plustnatingp thigkangd siaH gegsiancloasa du walledsogtion A8hvandipperevacysmde t he

chanmber. At S..LAjL.e I i I {F f it i r
del i vering p(rggzggl?ssugg!ée ﬁ%%laggpg%g{ﬁﬁ$ elflllﬂlr%ﬁg%gg P{cﬁ%ﬂﬁ@%@ﬁgﬁg {s%ow
details of thesidepvatlafbEIG.i30 sholaaietalls of He@Gppdrvdcaum stalingwuefacofSd he top

chanber interface 15, FIG 3B is a side cross_sectional viewillustrating a
t hi ckened wal'Yhesgp v propsdimensionsfihganrfage andek 3 geoys e fon recsipé T #Laum
sealing surf 1osct forth.| PERDVRG S&RleVIby SIVHRE FochRbhAtdhsiidggddn) ection
ports 15e 5 ?ﬁ%;ﬁd% m%ll 15f. ﬁ|@#“§% shgmé detafﬁg é% 9ﬁe uppér %acuum
seal i ng sur f agjectefsanwhenmilar reegss d 6b irdtheensr ol 16f. t he surface and of a

159 f i.pt . of - I t th.. Fl 3D | .
er spect  ve JMAHTsHOG 48 OBsAralEonhe FiRtSl Ho Vi iR FPa 8Nl ar
recess 130 i neh6r reetigofWabp inj&itor, bRERIIed €6 indPperics 8 Aot fecefpt bhe

wi ndow 16 whi ch includes a centraf_openlng 1016a for receipt of a top
i nj ector, bl iterdpératuessensiys, and ymbeaking fettaee] 6o aftwttomeltarigptl 6o f themwpterat ur e

sensors, and s?dbe]?slur kéé@'dfgfét 4B 1es a:l's6 ge {/iréwaofgﬁ)et \Ev(h)nr@ou s%n (131 ir:l' ?G.OAIA.t Pﬁ%‘tt 2;\

si de surface Is a side vi ew € W ndow shown i'n

FIG 4C showshe®$ aéthiss ffa vacuad Wealirpasatfabd1 GiwhieB & dbigamihifGretsqut ward of a
recessed surface which is coated with a ceram ¢ coating such as plasma

sprayed ytt r isurfReeswhick) e copted, willpa peraicgogng suchtas glpsap sprayedyttdvmper i phery

of the w,rdo erei-N, A . i . j . j | 16f.
PG R13Ho SIS FT4B i QURSElE B e bl BERANIPof Bt Sibif SRR I
4F shows det abhmledmetes Nerieadsingd thierleolalldl6t.NBIG. &t shoevsldethilandh 1S a
recess having.a radiu

R EREEREN ENTL MR E R
i ndow and P e e R e e e T T AT e
rel ative deptifte tif sitdhref the winddyoatessingle location and edges of the recess form an angle

20  of 90° with the center of the radius. FIG. 4G shows details and dimensions of the
window and FIG. 4H shows a cross section of the window illustrating the relative
depths of the blind bores.

[0029] FIG. 5A shows a top view of the chamber wherein the cylindrical top
chamber interface 15 is located within a square housing of the upper chamber 14.

25  FIG. 5B is an enlargement of the upper left corner in FIG. 5A illustrating a bracket
arrangement for supporting the top chamber interface. FIG. 5C illustrates a side
injection gas supply system 50 which includes a common gas supply feed 50a, two
equal length primary gas lines 50b, two equal length secondary gas lines 50c¢, four
equal length tertiary gas lines 50d and eight connections 50e which deliver tuning

30  gas to eight side injector locations. FIG. 5D shows how the gas injection system 50

(wherein tuning gas travels the same distance from the common feed 50a to each of

the side injectors) fits within a small volume defined by the annular recess in the
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[0029] FIG 5A shows a top view of the chanber wherein the cylindrical top
chanber interface 15 is located within a square housing of the upper
chanber 14. 25FIG 5B is an enlargenment of the upper left corner in FIG 5A
illustrating a bracket arrangenent for supporting the top chanber
interface. FIG 5C illustrates a side injection gas supply system 50 which
i ncl udes a conmon gas supply feed 50a, two equal length primary gas |ines
50b, two equal length secondary gas |ines 50c, four equal length tertiary

gas lines 50d and ei ght. connecti ons 50 j iver tunin 0 gas to
oot o de 1 pBERGE s BRSRaRb e D bR rHEvs SR B PSR et em
50 (wherein tyddfded 5088nd IIRUGL Drintiey & Menedis8b Whedh tbARiRhichf a CoMTRAoA 660 S0a
to each of the side injectors) fits within a small vol ume defined by the

annul ar r eceddGi dF shnws datailsrof one phithe sefondhry gas hinehiledufur¢atedhy gase 15. FI G

5E shows detajls of e C n gas .feed 50a_an he two pr.inmary.gas |ines
S0b whi oh t erRPste PR SV RERRORRES 0 BFroomRrui oS BHaPT R PS ne o
t he secongar \50d&sfuldaft@yxdeanitiors Set &dich)ofRdtt EPEHAS OF tHeRe&datyV s Gines
connects to %Z)S connection 500 and two terti ar[%) gas |ines 550 i furcated

by connecti or9c5B6H i ehpvesotatailsiof agiderggs ingectemi sruptedan thegidewallpfsheoc
FIG 5G sho il.S: id () 1 D I indewal | of
the top chaﬁ%‘?a?a%ﬂg?%rg%é&fgs' Ellgfiﬁgs %ﬁ%ﬁglgecg{&OW;tHg%S%gW %%?gﬁlﬁr%loﬁary gas
| ine 50b fit Sitywvithinthe henAairataas in the elawhlh of the top clemibel imérfided 5t GPGehanber

interface 15. _FIG 51 shows details of how the gas injection system
del i vers gas %ah%g%%lf%qfélogﬁ tﬁ@gmniﬁcge@ systerm delivers gas tg gng phihe Sidesi de gas

i nj ector 150 j@RdoF @i, ﬁ@.sﬁg%ﬂ@wéa\é\ﬁéggﬁgﬂor%iMﬁﬂdﬁ bWeaNvRn&ef ace of

a side gas injector 50i and an oppos rtace 1n a side injection pért 15e
of the top chantefitsibetvesehacmrfaée of DH@Ogaslinjeatop Héif axdrapabppodeddiirfecetin at he t op

chanber interface. is a hai)g aingdi ze a%un.‘itnfgﬁmci%i nder that has features
for mounting?® dgjgggo%%b G olHay BMPEPNEERAABLY- coil, tenperature
control | ed Wpehny, 18lalBEREBY ehBBdiHRE the B CRAhbdreRBALRLY h RaflOiHotRkd
har dwar e, side gas injectors, gas delivery tubing, etc.), sealing vacuum

and conduct i rdpreinestgylindgr thaihae fratuyes foo mophéngprocess Fhpportlwudwars¢BFs ar e
pref erably one aqr re O-rings.a he to nd battom of .t he cylinder.
B ectriodr cammteeldrtpeabroraries M3 Randt i emenEe bargrtae
metal | i ¢ spricogtrbifhagdedcelsiddi@s ifjettdrsi pAsleliva tabing\tc. RPRedlg vayihindad and

contacts a bare netal st_rif) on an adj acent conponent. The wei ght and
t her mal mass capducting elegiicd @c{”@h@mﬁjﬂ@rpaﬁbrm%ﬁcwmﬁﬁés agirefedplt anegehi eve

e SeeL o0, SRELADAL A O Sh by SRS LRSI ARASF o ace

preferably established through the use of a metallic spring RF gasket that fits into a

20  groove on the cylinder and contacts a bare metal strip on an adjacent component.
The weight and thermal mass are increased at the upper portion of the cylinder to
achieve the desired temperature uniformity. The internal plasma exposed surface
can be coated with a ceramic material such as plasma sprayed yttrium oxide.
[0031] FIG. 6A shows an end view of the proximal end of one of the eight side gas

25  injectors 50i and FIG. 6B shows a cross section of the injector 50i taken along lines
A-A in FIG. 6A. The injector 50i includes an injector body 60 which has a central
bore 61 of uniform diameter of 0.038 to 0.042 inch, preferably 0.040 inch extending
axially through proximal and distal end surfaces of the injector body 60. The

_ injector body 60 has a total length of 0.52 to 0.53, preferably 0.526 inch, an outer

30  diameter of 0.2 to 0.3, preferably 0.25 inch at an upstream section 62 which extends

0.275 to 0.285, preferably 0.278 inch and an outer diameter of 0.12 to 0.13,

preferably 0.125 inch at the downstream section 63 having a length of 0.245 to
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[0031] FIG 6A shows an end view of the proxi mal end of one of the eight
side gas 25injectors 50i and FIG 6B shows a cross section of the injector
50i taken along lines AAAin FIG 6A The injector 50i includes an injector
body 60 which has a central bore 61 of uniformdianmeter of 0.038 to 0.042
inch, preferably 0.040 inch extending axially through proxi mal and di st al
end surfaces of the injector body 60. The injector body 60 has a total
|l ength of 0.52 to 0.53, preferably 0.526 inch, an outer 30di aneter of 0.2

to 0.3, f | . i . t ti 62 whi ch tends 0.275
Lo 0 ous or ok B ieledbly b iRin. She BRI B assbest vl o & gl . 13
preferably 0.,1d8rabRCts @t14t hmi%?@étramtﬁsss{e%%n@éntﬁg%agdﬁfukr%ﬂ%ératé 0. 245

to 0.250, preferably 0.248 inc The central bore s an aspect ratio of
at | east 10, peetbriogiybvyent gorresidrdof thbsteinkspetet! gaatfécd lofs.t Tike bistabemxbért cont r ol

back diffusion,nto the inj or.t r t .cqQrrosion of t t ai n] ess
steel gas feddHs Oé”sn.sgﬁfﬂléehﬁ?g% H}d%{r??ﬁgégyg‘fq t%@‘aﬂﬁsﬁéwg‘&rﬁgﬁﬁi@%{f | udes a
45 (10) chanfpesfefaBlyn0.00indh i@ Mrduar Quidd® 65° THetbi2Bb hevdlh thdGllerv de

annul ar surface 65. The corner 66 between the outer surface of downstream
section 63 andrfasgrafsewnstyeaphsaction §3 ged purfase 6d Iverich is parmgndiculentisandet ween t he

outer surfac [ treamsections,is rounded with a
radi us of O. 8*8‘?8{1%5%%8%@%Bﬁgﬁ‘?}g&egg@ﬁgfpﬁ%ﬁ% ar%hcg)wsrmr?%ée“g"?nﬁésar S
agai nst washecurfslefl with sstadius off 0.065 @ 0.9IKS, preferablyo D Malche Mhe Sufthady Bl3rof t he

10 upstream section l(132 bears agaj nst. anot her washer which surrounds an
outlet of thESRBHIEAShEIY) 8Ehoxd 18dGnoKn Tie groxsmal ondl supfacee8 efthp in FI G

51, the gpst : Al i i ] t i | .
e 0 B Sy SRR SRl LS SRR S A
pref erabl y alkomtection S0smadshomnhan FHE. dhamhmn be[s@G3A|FIGNShdeadistangd ofithd a

f d enbadi ., t.h i nd i 1 i 5 wth bore in th
P ddle Chat | TREEPT S puoifits Hesbnd dhesEwalls Prafiatly dhe divel s Thausetormi seq
andi ng pad_ai ahgids Q00,5 Atk PRITGELIDSERAS! AU Sl T om t he out er

peri phery on the bottom outer dianeter that interfaces with the top
chanber int e3¢, IThegoeddnse avithGeprefeged embodimenhehéd windofvais @ chmmiediskt he

R R I Sy NI T RN
such as' al umrgigedaagklihg padét BduPM OO frch which extends about 0.5 inch from the outer
periphery on the bottom outer diamgter (OD) that interfaces with the top chamber
interface. There is an O-ring seal at the interface between the window and the top
chamber interface. The ceramic disk is about 1 inch thick and is made from a low
20  loss tangent high purity ceramic material such as alumina and is coated on the
bottom recessed surface with yttrium oxide for plasma resistance. The disk has two
blind bores on the top surface that accept a thermal couple (TC) and a Resistance
Temperature Detector (RTD). The location and depth of the TC and RTD are
selected to achieve desired process temperature monitoring and avoid damage to the
25  window. The bottom of the TC and RTD holes have a spherical radius to reduce the
stress concentration of the hole.
[0033] The contact area between the top chamber interface and the window
determines the amount of heat transferred between these two components. During
plasma processing, the middle of the window is hot, and it is desirable for the
30  contact area to conduct heat into the edge of the window to help make the
temperature of the OD close to that of the middle. At idle (when plasma is not

generated in the chamber), the middle of the window is cold, and it is desirable for
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bottom recessed surface with yttriumoxide for plasma resistance. The disk
has two blind bores on the top surface that accept a thernmal couple (TC
and a Resistance Tenperature Detector (RTD). The |ocation and depth of the
TC and RTD are selected to achieve desired process tenperature nonitoring
and avoid damage to the 25 wi ndow. The bottom of the TC and RTD hol es have
a spherical radius to reduce the stress concentration of the hole. [0033]
The contact area between the top chanber interface and the wi ndow

determ nes t unt of heat r nsf grre t onponents.
Dur i ng. pi asalbFOREL g0 PereniidaRy bt TR ARG REBw 16 T ot o o

desi rabl e fonehpaadte 6ARE atddIabERetvAnganduct heat |nto t he edge of the

w ndow t o helg nake the tenperature of the OD close to that of the m ddle.

At idle (whed ?ﬁﬂs r?éhe|®p t@eﬁ@maﬂ@dTDrsqstﬂéhmrﬁyete)enmmeg wihetithe of t he

wi ndow is col d S..desi the cont not conduct
any heat int oet“ﬁe a\7(\,1lsn %r\(/)vsgrets ﬁtne ﬁa ?‘Pﬁé af@??ﬁeall%sﬁﬁ eenf')l? t‘r%io"oﬁtpdﬁtsbveof t he
wi ndow. [ 8034}resses) of et Wuﬂf)wtlﬁl,(%ma'@eémﬁlg REBoktsmesttBdhol8 ABSh dxMatdRise rTHeNi Ng
where the neutral axis (zero stress line, it is the line that separates t he

tensile and OMYFi&sa elléo deferaige adint e tempergirradiffereace s theangsswigd PREthot t om
of the hole §9§Yﬁe St ofderst. fis aitfkensk galpﬁ@a&béae@?&r% gaﬁ\sar\étaétd fohe

t enperature ference is at t measured point, and the point of Interest.
Thi s di f f er enoadwthemabsisount ed for in software used to conduct the

anal ysi s. The | ocatio and RTD | | so anal yzed
det er m ne vmgg(?:](ﬁ]fs e 19¢ptiR @ éhetT) B’éd Po‘ﬁﬁ{SBdel@Feqa detremasTyhgd oEsetThe

stress ingt hqlet\asrta%waeartntte faornrtﬁé %ﬁdartomearése TP e HE G dif p&r ence
bet ween the mddle and OD of the w ndow. This analysis can correlate the

t enper at ur e Grbrrtemr«drtv thl températune dikfenchow batveteh e atdpeanslt QP ef dfe windoweasur ed
poi nt since erature 0 f, the, Wi w _canno nmeasur ed
due to the ptr_lg'é St?fca{l ﬁgrr?IB{? téagenmefag%r[ed) theyig d@#e‘gf]%? P lt%é” Hlﬁitb'te]f)m of the
hol es do not thay&atuRCofRORIch&iRed pAai diSce thO RnYYeRHRNW of the middle of the
window cannot be measured due to the presence of the top gas injector.
15  [0036] If the bottom of the holes do not have the spherical radius, the window
would have a high stress concentration where the holes are located. Because the
inside of the window is subject to the vacuum pressure in the chamber, the window
could fracture when there is a thermal gradient from the center to the edge of the
window if the bottoms of the holes are not rounded. Adding a spherical radius at the
20  bottom of the holes eliminates sharp edges and therefore reduces the stress and
likelihood of fracture.
[0037] The ceramic window can be replaced, serviced, maintained and is easily
manufacturable. The window is preferably about 1 inch thick and about 22 inches in
diameter. The desired dimensions of the bores for the TC and RTD are 0.494 +
25  0.009 inch from the yttrium coated surface and the bores are 180° apart on a radius
of about 5.6 inches from the center of the window. The bores have a total depth of
about 0.5 inch and the entrances of the bores 16b are tapered at 45° with a diameter
01 0.390 inch at the bore entrance. The bottoms of the bores have a diameter of
about 0.130 inch.
30 [0038] The side injection system can deliver a tuning gas and the system is
designed to be a removable, serviceable, maintainable, manufacturable, leak

resistant, plasma resistant, symmetrically fed 8 port gas injection system. It can
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woul'd have a high stress concentration where the holes are |ocated. Because
the inside .of the wndowis subject to the vacuum pressure in the chanber

t he wi ndow could fracture when there is a thermal gradient fromthe center
to the edge of the windowif the bottons of the holes are not rounded.
Addi ng a spherical radius at the 20 bottom of the holes elim nates sharp
edges and therefore reduces the stress and |ikelihood of fracture. [0037]
The ceram ¢ wi ndow can be repl aced, serviced, maintained and is easily

facturabl e. The. wi ' f r-aboyt, 1 inch thick and t 22
"nchee i ar sheels g (§8av Rt GrBACe SRS Gt et BErel M PHlE R "o
are 0.494  236hiRP8nd &sbonk BEHEALACION-IoAIN £08hadalftyl thRFRcAN (’Néaﬂﬁ edeyes are

180 apart on a radius of about 5.6 inches fromthe center of the w ndow.
The bores hawerfacetintle sidegastinisttiartheysten0fits withim a spatetoficectamgnlancesss of t he

bores 16b are_ta at, 45, wit di ter of .0.390 inch at the bore
entrance. ThestRRLAD B MR boP el BT ard st windr sl sn s hn.
30[ 0038] 7Jhe saifsle doeh a6t dxhdousi@ Giamettebf YBS idchedini ng gas and the system
is designed to be a renovabl e, serviceable, maintainable, manufacturable,

| eak resi st ad®03%) dheduneionafahe sidegasipicptiadysient isdo sroyiftettugiag ganj ect i on
system It can. r: RNl - and uses
1/ 4 inch sta?ﬁ#ggg&gﬁégvyk%gbﬁg?g%ggggé?%ﬁg 8&&8%@%@“?%3?%?8&%%§ vacuum
seal i ng i nt erifjaciés. syblear dry pawarily the fiiratiens of theénnet bere@aandtey efthé eightsyst em
fits wwthin a,  space .of rectagngul ar, cross, section 0,750 jnch wde by 1.612
inches tall &M 88 {meAters frg made of F‘?s/llde)(?gfay t@@wpﬁa&wﬁgsga%@l@% end

outsi de 30 ARk EdWmitetc bARRE S ink0Q A ES %‘#mggﬁg@fa{ bllesy de_gas

injection systemis to provide tuning gas uni In e plasma. The
fl ow rate andodationv Dmmérpionstof thef gas g eticiesystam danjbecinnerbosy dineretea o each

orimari |y L, LATELL oo, of o1 DS SoL B ameter of L he el g1 Gl 02
]}gte gbes, and fNRAS & Mahdat Be dpdtrdafll QLA ComBrAR fe@DS0dH T 00D h}é gihgul ar gas

travel path length to each injector from VCR fitting: 37.426 inches.

15 [0040] The vacuum fitting interfaces are smaller than, for example, a K18 fitting
and the yttria side gas injector, which is the only piece of the system directly
exposed to plasma, can be minimized in size and replaced when consumed without
having to replace the much more expensive stainless steel weldments.
[0041] The ;cop chamber interface is an anodized and ceramic-coated aluminum

20  cylinder with O-ring seals on top and bottom and a top contact surface mating with
the ceramic window. The top chamber is actively heated and maintained at a
constant temperature for repeatable wafer processing.
[0042] The temperature at the edge of the window is largely controlled by the
interface to the top chamber. The chamber interface largely controls how much heat

25  goesinto or is removed from the edge of the window. Thus in order to keep the
edge cool during idle and hot during wafer processing it is desirable to keep
temperature gradients small during idle or processing so that an optimum heat flow
across the interface is provided. Too much heat flow during idle will cause the edge
to get too hot and fracture the window. Too little heat flow during wafer processing

30  will cause the edge to be too cold, and lead to fracture. The feature of the interface
which largely controls the heat flow across the interface is the contact surface area

of the chamber to the window in air. The in-air contact region is from the outer
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| ocation. Dinmensions of the gas injection systemcan be: inner bore
di aneter of each solid yttria injector: 0.040 0.002 inch, volunme of gas
injection systemfromVCR fitting (the gas fitting at the upstream end of
common feed 50a): 2.922 in3, gas travel path length to each injector from
VCR fitting: 37.426 inches. 15[0040] The vacuumfitting interfaces are
smal l er than, for exanple, a KIS fitting and the yttria side gas injector,
which is the only piece of the systemdirectly exposed to plasma, can be

mnimzed in size angd replaced when, consuped w t hout . having to.replace the
mich more ex Ty IRE PR ECES o EG I BREHERR S boBY ep R st kb

i nterface is vandaneshtzastirRntamBeMiess dialefsiond L BEUPLiAdzEby AABYsisMnidh
O-ring seals on top and bottom and a top contact surface mating with the
ceram ¢ wi ndéestinger thepeat Hlanbdringddigeni deripe water eepcassingai nt ai ned at a
constant te ur . e rocessi ng. T

t enper at ur engﬁdﬁie Iﬁ&g%}lhg{l’%ﬁﬁgg@mgr\s of% @Eﬁnglf gg C?/'ﬁfé:o Nt rtl{lﬁol?%glr%@&%hag d

i nt er f ace5t o nidseb¢ pRIMAIAGN eVaricRlesibaditkendioiscintladeolntar Qaing @oste ol s how
much heat 25 goes into or_is renpved fromthe edge. of the w ndow. Thus in-

order to keegiamfterddles 2dad0 #hPY hipchdthambsrcantact BRgiaRptHiaretst ocessing it
is desirabl e gpo- pents - I hitd:.@l € or processing
so that an oé%?ﬁ%%?ﬁégﬁﬁpﬁﬁﬂﬁg%@%@%qﬁ %afﬁgég?ggggﬁ%bgggﬁﬁded. Too much
heat fl ow duf00#]i dHaeving dikclodseemplreegbodimenstand de Hestmads] fracture t he
wi ndow. Too little heat flow.during, wafer ocessing 30 will c e the edge
to bt 0o cortdiGoTan YTHPHLT Y b ek BECGR s em bl SHaRe. whi ch
largely g@nt rghsinidpayitaathd JuBjcBaldDitldTehd MVETtIAGR defindd Wy MO IRHingur f ace
area of the chanber to the window in air. The in-air contact region is from
the outer dickamss.er of the 0-ring groove to the outer dianmeter of the
chanber where the w ndow contacts the chanber. These di nensi ons can be
optim zed by analysis and testing for the heat flow during idle and during
waf er processing. [0043] In addition, the flatness of the interface is
critical to the heat transfer and 5 nust be maintained. Various desired

di nensi ons include outer O-ring groove dianeter 01 = 21.290 0.007 inch,
chanber contact region outer dianeter 02 = 22.00 0.005 inch, chamnber
contact region flatness 0.002 inch. [0044] Having discl osed exenpl ary
enbodi nents and the best node, nodifications and variations nmay be nade to
t he di scl osed enbodi nents while 10remaining within the subject and spirit
of the invention as defined by the foll ow ng
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claims. WHAT IS CLAIMED I S: 1. A repl aceabl e upper chanber part
of a plasma reaction chanber in which sem conductor substrates can be
processed, conprising a window, side gas delivery 5system and/or top
chanber interface, wherein: the top chanber interface conprises a
monolithic nmetal cylinder having a uniformdianmeter inner surface, an upper
fl ange extending horizontally away fromthe inner surface and a | ower
fl ange extending horizontally away fromthe inner surface; an upper annul ar

vacuum seal i ng sur@%m@%gﬁ eal against a dielectric 10 wi ndow of
t he pl asma chanber; ‘vacuum seal i ng surface adapted to seal
agai nst a bottom section of the plasma chanber; a thermal mass at an upper

portion of the cylinder, the thernmal mass defined by a w der portion of the
cyl i nder between tlheA reprscatde pppg ehambleranrinfiaalasmaeagionshamher ip gvhich

vertically fr, t Rl r S ' o | 0
reoun o o BRS8N GB ot I8 TS RN, SR BRLIIRSY
t hermal chokey@&tmanliowesp ¢hafibedintefact,ehetsihi nder effective to mnim ze

transfer of heat across_the | ower vacuum sealin t he thermal choke

surface,. . g
defined by a thin th%ioawhgl@é?r.lawrﬁ%%?%%se%ﬁwﬁgg@c @Ftaf%)élgldﬁh%?ﬁ’“tg 35 i nch
d t endi 0 i : : i nd
and ext endi ng, g ﬂﬁﬁetﬁﬁﬁr@rgﬁrf&&?a %g}a{% %{g&ldlﬁm%z%p%ggt%%%ﬁl wi ndow

conprises a ceramc S aving a un ness, one blind
hol e confi gurtkdinher suefaed nel alovermblengd extendimgnhdrizontally senyg drom the vascuum

seal ing surface. adapted to seal agai nst an er flange of .a top .chanber
Unterface, antiA: ahiPRY SBBIE VASHRR GETIRE TEorCuapird (8 Se) gy adisledt,

whi ch deljpvergnfsw e fiamad dMafbbN @ 166 Shulf vidienthaketurfRPddMted e gas
delivery system conprises bifurcated gas |ines which receive tuning 25 gas

from a comuorsedlagdinstracbajmm seghies obthe phaged chembérpathemmak massrag agappezqual

di stances from.t he n.feed to injector unted in Si wal.l , of the
top. chamber  PhTLProfae CitdeS e Sl dPBS; BiheTBUR, Fidg fufloR ki Flinad o

claim1, whengiweehlke Giasr sefabdy SidyandShteaitface e&neldistesert ARt frdmitacippes
symmetrically arranged around the top chanber interface and the gas lines

can include dlagee, thathermaanasspeipaictctivedo pravide aziguthal feppsragireequal | engt h
extend f 1§m %ﬁoﬁﬂmpthg %’ﬁl%r sﬁr\f\é%e,sﬁl%oﬁﬂglrnyal %ﬁgkel zlt gefgwgrf po%&?l)f the
cylinder effective to minimize transfer of heat across the lower vacuum sealing
surface, the thermal choke defined by a thin metal section having a thickness of less
than 0.25 inch and extending at least 25 % of the length of the inner surface;
the window comprises a ceramic disk having a uniform thickness, at least
20  one blind hole configured to receive a temperature monitoring sensor, a vacuum
sealing surface adapted to seal against an upper flange of a top chamber interface,
and a central bore configured to receive a top gas injector which delivers process gas
into the center of the chamber; and/or
the gas delivery system comprises bifurcated gas lines which receive tuning
25  gas from a common feed and gas tubes arranged to flow the tuning gas equal
distances from the common feed to injectors mounted in a side wall of the top

chamber interface.

2. The replaceable upper chamber part of claim 1, wherein the gas delivery
30  system includes eight injectors symmetrically arranged around the top chamber
interface and the gas lines can include eight gas lines of which two primary gas lines

of equal length extend from the common feed, two secondary gas lines of equal
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l ength extend fromthe outlets of the primary gas lines and four tertiary
gas lines of equal length extend fromoutlets of the secondary gas |ines.

3. The repl aceabl e upper chanber part of claim2, wherein the primary gas 5
lines are | onger than the secondary gas |lines and the secondary gas |ines
are longer than the tertiary gas lines, the primary gas |ines are connected
to mdpoints of the secondary gas lines and the secondary gas |ines are
connected to mdpoints of the tertiary gas |lines. 104. The repl aceabl e

upper chanber, rt .of glaimil erein.the gas. delivery, systemi.s designed
Lot Cnrc i it o iR el BB Byt SRTIRSh Y Bt B R Lo,
surface of thkgudloghgiinaftBRl fromtRfERGT the secondary gaa-linkBe repl aceabl e upper
chanber part of claim 1, wherein the outer sur%ace 150f the top chanber

interface includes an annul ar recess and the gas delivery systemis fitted

conpletely wthin,a I i r ess. . 6. The
repl aceabl e upper 3(;%’%6‘? %egﬁ{e uroaﬁ grc&épk@%?ﬁ‘pvﬁ%%l%fnnﬁ’m&%nrtl%ﬂo%l TH1des two

bl i nd bor és ilinet e loyyee thad Wlid &cenddiri gadliied and Hefsegutidag ga3 limesiare longer
20t enper at ur e, sensi ng probes therein. . 7. The rePIageabIe upper
chanmber part thn e i3y gagHassethe nimearyeatlingsidpc raredted icmiiperts ofJ8Ri ng, the

openi ng conf iseﬁg@?wtggas Bh@é’érﬁlechéséc%ﬁ&drggggﬁﬁééga‘fgﬁ&glg%& B ﬁi%kﬂt@gf‘ thgal gas

i nj ector body a central gas pa e whi vers process gas to
an open spacéderiarytdas linbanmber beneat h the w ndow. 8. The repl aceabl e

upper chanber part of claim1, wherein the top chanber interface includes a
groove in the upper flange configured to receive an O-ring which provides a

vacuum segl bet ween THGMhOUBN PPer dHARbEPPart BRETRER! 1, WHEE h WeEgasHlivery 9.
The repl aceabl e upper chanmber part of claim 1, wherein the w ndow i ncl udes

a thermal |y spstapasidssigned do Gbwithing smalhvdlome defingd tycan annglag ofcess in the 10.

The repl aceabl e upper anber, part .of claiml, wherein the top chanber
interface is 05%68\9‘?%“'& oglﬂff Oﬂﬁhé)mger mtertace.

5. The replaceable upper chamber part of claim 1, wherein the outer surface

15  of the top chamber interface includes an annular recess and the gas delivery system

is fitted completely within a volume defined by the annular recess.

6. The replaceable upper chamber part of claim 1, wherein the window
includes two blind bores in the upper surface, the bores configured to mount

20 temperature sensing probes therein.

7. The replaceable upper chamber part of claim 1, wherein the window
includes a central opening, the opening configured to provide a locking engagement
with a cylindrical gas injector body having a central gas passage which delivers

25  process gas to an open space in the chamber beneath the window.

8. The replaceable upper chamber part of claim 1, wherein the top chamber
interface includes a groove in the upper flange configured to receive an O-ring
which provides a vacuum seal between the window and the top chamber interface.

30
9. The replaceable upper chamber part of claim 1, wherein the window

includes a thermally sprayed yttria coating on a lower surface thereof.
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511. A ceramic side gas injector configured to mount in any one of eight
symmetrically arranged gas injector nounting holes in a side wall of a top
chanber interface of a plasnma reaction chanber in which sem conductor
substrates can be processed, the side gas injector consisting of a stepped
cylindrical ceram c body having an upstream section of |arger dianeter than
a downstream section, and a 10 uniformdi aneter central bore extending in
an axial direction through axial end surfaces of the injector body.

12. The gas injector of claim1l, wherein the central bore has a dianeter
of 0.038 to 0.042 inch and length of 0.52 to 0.53 inch. 15 13. The

gas injector of cliai Mhélepliiabi@uPpéthamBEARrCoRPM € HkSh the@Bb bhfhderof
yttria. 14. The gas |n1ec?or of cl'aim 11, wherein the upstream

section is siiptedagegs pnedizagl gumingider portion of the nmounting hole and the
downstream section is sized to fit in an opening in a plasm exposed
surface of the side wall of the top chanber interface such that a distal

end of the injectan. pejradicsid @B ihjectdr orfipareds it inhfiyRind9fBigakposed
surface. 2515. The gas injector of claim1ll, wherein the ceram c body

i ncl udes a f iSy@mefiiaHyaranpgesgas injscier meentsig holes ipwiside verlbofatep shembar t he
t b iy .
upstream s eCH]iltgff%%{%gpr%és?xﬁagﬁgctm%ﬂgﬁlbmgwlags%%rﬁg@%)g%bgﬁr 1e8¥9an be

per pendi cul ar upstream section a eam section
3016. The gagprodepsed}the st gas mijevtdriconsibtengedfia stépped eplindricabaiemitd®dan aspect
ratio of 13 %9.14. . . .
aving an upstream section of larger diameter than a downstream section, and a
10 uniform diameter central bore extending in an axial direction through axial end

surfaces of the injector body.

12. The gas injector of claim 11, wherein the central bore has a diameter of
0.038 to 0.042 inch and length of 0.52 to 0.53 inch.
15
13. The gas injector of claim 1 1, wherein the ceramic body consists entirely

of yttria.

14. The gas injector of claim 11, wherein the upstream section is sized to fit
20 in a wider portion of the mounting hole and the downstream section is sized to fit in
an opening in a plasma exposed surface of the side wall of the top chamber interface

such that a distal end of the injector projects 0.05 to 0.2 inch beyond the plasma

exposed surface.

25 15. The gas injector of claim 11, wherein the ceramic body includes a first
washer engaging surface on the axial end surface of the upstream section and a
second washer engaging surface extending perpendicularly between the upstream

section and the downstream section.

30 16. The gas injector of claim 11, wherein the central bore has an aspect ratio

of 13 to 14.
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17. The gas injector of claim1l, wherein the injector body has a | ength of
0.52 to 0.53 inch, a dianmeter of 0.2 to 0.3 inch at the upstream section
and a dianeter of 0.12 to 0.13 inch at the downstream section. 518. The gas
injector of claim1l1l, wherein the upstreamsection has a length of 0.27 to -
0.28 inch and the downstream section has a length of 0.24 to 0.25 inch.

17. The gas injector of claim 11, wherein the injector body has a length of
0.52 to 0.53 inch, a diameter of 0.2 to 0.3 inch at the upstream section and a

diameter of 0.12 to 0.13 inch at the downstream section.

5 18. The gas injector of claim 11, wherein the upstream section has a length

0f 0.27 to 0.28 inch and the downstream section has a length of 0.24 to 0.25 inch.
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