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. Docket No. 1015292-000483 REPLACEABLE UPPER CHAMBER PARTS OF PLASMA '
PROCESSI NG ARrPARATRRkeO80.11015RAP2-08483 cati on cl ai ms priority under 35

U S C 119 to U S. provisional application No. 61/241, 321 |

- REPLACEABLE UPPER CHAMBER PARTS 5 OF PLASMA PROCESSI NG APPMMMWMWW
Sept enber 10, 2009, the entire content of which is hereby 1nc by
reference. FIELD OF THE | NVENTI ON [ 0002] The present invention!¥Efates in
general to sem conductor substrate 10 manufacturing technol ogies and in
particular to a repl aRERACPABLE UPPBR CHAMBERPARTS OFCPLASMA a pl asnma

chanber. BACKGROUND OF THE | NVENTI ON [ 0003] In the processing of a
substrate, e.g., a sem conductf&FOGEBSING Po’?*RéTb]Sass 15 panel such as one
used in flat panel display manufacturing, 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 becone an

i nt egrat ed (90081, Thisppplicaiiosclaims priorityundes 33 deSLed il ta Usrarewsionakt eps i n
whi ch mat er | ' RIABYVESt ' éﬁﬁgﬁb

(depositi on?ﬁé]%agélggraeélg%fdyﬂognrﬁtel ectr |é§F%?g“nr'%m%?\ s ther egﬁf}b"[‘%&] In
an exenp ar QFRIASM APROEES SINGSAPBARATAJS, filed Septambet 10, 2009, the £ntingr of

har dened emul sion.(i,.e.., . such.as a phqtoresi st mask) prior to etching.
Areas of th%o'}ﬁ%f}lﬁésvé‘ﬁ'éﬁﬁﬁ??’%nmorgwgﬁ?yﬁ EFvel y renmoved, causing
conponents of the underlying |ayer to beconme exposed. The substrate is then

pl aced in a plasnma 25 processi ng chanber on a substrate support structure
conprising B O bHEANMENTKEMNar el ectrode, called a chuck or pedestal.

Appropri ate ant source are then flowed into the chanber and struck to
form & pi acHRUED " dhe Rtk dulirfion ddies e ieralJp SemiipadierShs Bl
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, causing 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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[0005] Referring now to FI G I1pat@ofsedpk:i1bioetbbek 200y @smfo1)pdaais2omwiog240supl ed
- 30 plasma processing system conponents is shown. Cenerally, the plasm
chanmber 1111111211111112121121121211211212111111 *00002* Date of receipt: 19
Oct ober 2010 (19.10.2010) PCT/ US2010/ 002473 (chanber) 202 is conprised of a
‘bottom chanber section 250 formng a sidewall of the chanber, an upper
chanber section 244 also formng a sidewall of the chanber, and a cover
252. An appropriate set of gases is flowed into chanber 202 from gas

di stribution system 222. These pl asma processi ng gases nmay be subsequently
5 ionized t échanther)a2(3l 18 somprisdl of abastore chanebeysedtns2 S0efogminge sidewonll of
deposi tion) ,exposed areas of, substrate 4 ch. as a,senj conduct
substrat o ofiegres TpaRReronsBtEr SirliaR 248 fisadgiminEg BTG R Eharber,
el ect rost at afid 8 RUed A52hwakippedtiatéas oftighies iPAbWE irfty Shafiber2R2i forfi @a¥ONI Y

S ?not shown) contai ni ng pl asma

conprised of conpressed gas g;lyl I nder
processi ng gsﬁg&ut@@.sgst?m%’@il hegy PlgsMEpFaresOpp 835es TRy, bergsbseagrmtty C2F4, N22

o separ bt e aneri Biend 2. e GhFooedt i duobRBb S nd R SN R s

wal | of t heaghasobaibstrate@2gdesihak lakemitdndeSonsubstiite\6 a)dlaNg pah€ Pokitionedir r ent
I n the plasma processing gases to create plasma 220. The w ndow bot h

protects i ndi¢tade riewidl> N grusniatioshickishuat) s Gandiyehion e fi el d
208 to 15 ' - i _
0 99@%feféo?nﬁg?lzgg?@trﬂsé(@ofwng}%@ésea l%lszgiﬁ]{llfg& n@?ﬁ%@r‘gﬁ%nﬁhﬂ gssing

chanber. Furt coup I nduct i col net wor k™ 232 t hat
may be furt plasmagupdessing gaRk (gen €184, €LFQ CHF )L R, (F nBBapCH: B3 FatNgnpt s

to match. the i ance. of nerat 234, which typically operates at
about 1?956%?&%%8’&@’ %‘%n@ﬁ%gﬁ%ﬁ%&%- of the plasma 220. Additionally,
a second RF 6008} 9n&RiioA oA 38 1 TR¥epattQ #6mARe pRSIRL DY o dIEREGHR WRHEWI20d
network 236 to the substrate 224 in order to create a bias with the plasnmg,

and direct formipg thernppamigll of 8ra chamber, ané gendrally mdupes plimermaryngelesicng
system and tomgrtdng_%golsubstrate. Gases, and ?%pr Odéﬁés'@nre .rﬁrmée fromthe
chanber by SUPUIA" 2507 A HORPF e SE P TlrR P PR& <31 E8STPAYY 8t em 240 i s
coupl ed to phyuedts hlactidh il oM lasnta 200) aeY 8ll6WE HiFEene@td RP feld20¥¥0e t he
plasma is ignited. The cooling systemitself is usually conprised of a

chi | I er 1? hagepErpenandusyr & Aerremr2d d grithinthe plasmaprogessing ehapsekFusher hel i um
gas punped B&INELR thbfctfddoll 319s hifcriPrihBHE233 thatidy beHirther 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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to renovi ng the generat ed heatDatd dieechipi: 19 Mcighes 260 09 19. HL 20 000 CTRES 2010003473

- systemto rapidly control heat dissipation. That is, increasing helium
pressure increases the 30 heat transfer rate. Most plasna processing
systens are also controlled by sophisticated conputers conprising operating
- software prograns. In a typical operating environnent, manufacturing
process paraneters (e.g., voltage, gas flow Date of receipt: 19 Cctober
2010 (19.10.2010) PCT/US2010/002473 m x, gas flowrate, pressure, etc.) are
general |y configured for a particular plasm processing systemand a

speci fic rewidpgas floaosle, pressudelietd. pare gan¢reHy configured fy@l pamgcwgplasmas 246
may operate to contr ature of the upper chanber section 244 of

ol the te e
the plasma Y)rf’8%s§gl§isls@tel§pat?§raastp[ﬁr§ K I598%such that the inner surface of the

upper chanbpoosECn additZdtd a habiiganFcEONRY aPParhs A6 nitdyasERate td tordrdd@es at i on,
I's maintained at a controlled tenperature. The heating and cooling
appar at us 2@BpeEatyrg ofhe uppes ehasnbgr setfonadddmf theplasma processieg apparatys provi de

both heatin |+l rati . 0 L 46 ha r. ctlLon
Crsel s connkh PR RRTLAt Bl e arb R stPBR 2%, UEREs RS,

ei ther w | | toghephemaidufing opératicmds aainthifed hiea gan@illial ednpdrature! TheM t hi n t he
pl asma processing system (e.g., coat um num ceramic,

d or, uncoat ed, al
etc.). [001RFRUIREANEKORHNEAPPRIEIS AR0ds %@n%@ﬁﬁyrseg%ref&éﬁr%lﬁysés of MaArhed
pi ece of al %’Br@%?k%ﬂh aﬁﬁ%aﬁ’c?c&ﬁﬁﬁ%vo‘ig 4i8hs.C! €aning or replacenent thereof.
ace t hans )

The inner 15 ‘sur 0 upper er section is preferably coated with
a pl asma r eg089hnTherapmarichhmbercdectaen asel fus comintonly porsyradtedtftam plasomt | ng.
Cleaning is problematic in that the ceramc coatings of this t

casi |y Banigostaah et eo il ponoe Spps eesrgior tuchered B £
processes, lthinghé PGk PRsceifg Sysi&d &é? ESREASCud8ed RRGhinaRABBRMmiSect i on
rather than renove it for cleaning. 20[0011] In addition, correctly
reseating té¢te)upper chanber section after maintenance is often difficult,

2 0e L iy OB S AT i B R AR LB
m sal i gnmendluiitum whéstl dalldedeboEfor Rbdinghtg réglacongeiieivreof] Ghtdhnethe vol unme
of material in the upper chanber section also tends to add a .
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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25 substantial thermal nass t opfther ridedsMB OREBEDEI (191(53036)POT/UR2€10/082478BS S
.refers to materials have the capacity to store thermal energy for extended
periods. In general, plasm processes tend to very sensitive to tenperature
variation. For exanple, a tenperature variation outside the established
-process wi ndow can directly affect the etch rate or the deposition rate of
polynmeric filnms, such as poly-fluorocarbon, on the 30substrate surface.
Tenperature repeatability between substrates is often desired, since many
pl asma processing recipes nmay also require tenperature variation to be on

t he order ofs aftendwatedroricgolefl inlegleety DbsBetalsmanitain heplastha prgspsswithianber
section Date olf receipt: 19 COctober 2010 (19.10.2010) PCT/US2010/002473 is
often heat e§5@? 15&‘8‘%%" efff¥r der to substantially maintain the plasma

process W t [ag13¢s tAbhe phierhaRaIiRE 8he sudshtHbséybs t@mil &gy, whitWii t ed, the
substrate absorbs thernmal energy, which is subsequently neasured and then
renoved t hr sukpaquanglyauesisined agg shemmempoivid thrgugh thn soslinggystent hbikiswisesthet i on

can be thermally,contrall.ed, ver | a rgcessing, may requi.re

Cenper at ir e PR SUBH Felif st T eFha R alel BOSRET PRy At sary 10
heat the uppgly reqdrdempsenire @haiges derpe rmltikep prbseésing @RIt reaygbe 120, 130,
140, 150 or 160C or any tenperature therebetween whereas the prior_upper
chanber secPfesESArKAQ begt the uppepchambessestiondainperauees abave hA06s 8¢ 184 60C.

The 10 hi ghggnt ﬁy§g %{Pg | | | tg%g rature
of adj acent ?é%’rr%?ﬁg% éyfs@zﬁ%ggnf 2 Do Oﬁt}ﬁ%{ﬁ:ﬁ%@%ﬁ%ﬁ& or aﬁpl e, if
It 1 s desir ebarhierrsectidnissveng par atainaohileweseatpecamu@s dn oveoddgr oH60CelThet ri

w ndow t eratures on the order of, 130 to 150C and the bqttom chamber
sect | on?élt g%‘%ﬁf“ﬂ"&%&? s pase BP‘E"éHB‘BFF ingeases, ghtempermiend aCFthot ¢ er

upper chambesmagsdntOdichal e KittonNERAmMEEE sdctioRO FHoP BX £HFIRDE it 18 %@éi}éago%l@' raise

its tenperature sufficiently to affect the plasma processing conditions
seen by t he theauppenechiumtten sectivhsind mverlyinp dicledina windowattampatatwas omthiegi nat i ng

o e DR SRR | ARC o B BohcA PR ek et EARSEALM B © vary
about 30°C, heat from the much hotter upper chamber section can flow into the
15  bottom chamber section and raise its temperature sufficiently to affect the plasma
processing conditions seen by the semiconductor substrate. Thus, heat flow
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 foregoi Nghte sfepleipe:adliolcRbeH208r (14 0D PATAIS2610/082478 J

. desired 20 features which cooperate to optim ze plasm 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 chanmber in which

sem conduct or substrates can be processed, conprises a nonolithic netal
cylinder having a uniformdianeter inner surface, an upper vacuum sealing
surface extending horizontally away fromthe inner surface and a | ower
vacuum seal 'Mfiglpr:mrticactﬁ th«cﬁhdlengedmmehzlmimbﬂ spriaveynd arooutthsurfacaer surf ace;

th | ted t | t
di'el ot o arindme SEAEHD FPRvba toRtrdies. BRErBRLr s e P OSBR U seal i ng
surface adapiRfdd £imadhl @E}'fa‘efh?ﬁre%n%hhﬁ%? ﬁﬁtlhﬂé} sﬁf‘faéch @nd Lx‘ilﬁé‘fﬁlaf Basger; a

thermal mass at an upper portion of the cylinder, the "thermal mass defined
by a Date @ofa loasspprtionid tigeeydinger Qtquow@mmmnn@qo;lnmmusaommonews wi der

portion he cylinder ,bet he i nn sur e .and an outer urface

Dot endi g, vATar ARG BhalinE sk, b e ot SR BY AR Rl hedtith
effective tﬁa\ﬂﬁ%\ﬂtlﬁ@kﬁb&s w&bﬂmﬁ«em&aﬁ B EextBhdiR %HﬂIEHSthS % lo¢ thelesgthor f ace,
and a t hernal oke at a lower portion of the cylinder effective to

mi ni mi ze tr Bi59neer syrfaeeat across the 5 | ower vacuum seal [ ng surface, the
thermal cho fi ess
than 0. 26 | RS, 16 SRl b difheliEl Fip13E5b1eSnlY o n Bphet chépREPsklioh
surface. [ Oeﬁﬁblalsmaamhba chmrbe:rdn weltich semmatﬂm@abbs&ra%smiﬂ\heqfromwdpper
chanber  section . of a plasna reactlon i ch sepj.conduct or

subst ral®s E%Hpﬂﬁsﬁr%%é’é‘ %‘%‘MB‘F? §k€§$sa\ﬁ,\ﬁ€as€lp§f<gha‘§gﬂ]§ a uni form
thickness, aindRAsd toYe&idd 4 Oé?neﬂ%tﬁr&ﬂﬂﬁl geéégéd} 5 GERWYEsé &g@ﬂﬁ‘!x&t ure

noni toring sensor, a vacuum seal 1 ng sur apted to sea gai nst an

upper vacuupadapted tiorsgalszlgai‘rmtel upea veapu beating suifadesrfiadop chamberantefate,al  bore

¢ ﬁgf ng{ g? tSI(F)d %ﬁéﬁlgx Eﬂ%é{p?lﬁggraeﬁ to Igézceeﬁ;[eoar to},)\glasc Pnjgc (l)rI W Clsl dgfl\(r)ecrgf)ﬁoc%sssgalsnt °
into the center of the chamber.

15 [0017] In a further embodiment, a gas delivery system configured to supply gas to
side injectors mounted in a sidewall of the top chamber interface 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.

30



15[ 0017] In a further enbodi MEDite ofae@ip$: 1d@ctov@i 2915 S 1 E27MM O@TITVE20 BIH02403
.supply gas to side injectors nounted in a sidewall of the top chanber

i nterface conprises bifurcated gas |ines which receive tuning gas froma
common feed and gas tubes arranged to flow the tuning gas equal distances
-fromthe cormmon feed to the injectors. The side injectors can include 8

I njectors symmetrically arranged around 20 the top chanber interface and
the gas lines can include eight gas Iines of which two primary gas |ines of
equal length extend fromthe common feed, two secondary gas |ines of equal
| engt h extend from t BBRIERK DESCRIPTION QF Thikr DRAFINGHISGURIES f our tertiary

gas |ines o al_.le h extend. fromoutlets of the second _gas |ines.
The primry {B}jg Fﬂb Pgllg%wsf %ﬁ‘é‘&q f{eﬂé@ﬁr‘l’f@ ogé@émvoﬁﬁ‘qglsﬁgf%and t he
secondary gas19i nﬁc%@ﬁ&wsi Qpaeﬁecrnk}emewsf arREten1NrydASsnhd fnbef MBidH | mary
gas lines are connected to mdpoints of the secondary gas lines and the

secondary gean inchds aaviadewnntopt cbamber m«uﬁ?@p and asidetingctos igas supplyysistant nes.
The gas eI | V%%’é E%(cf]ﬁernf is designed to fit within a small vol une defined by
an annul g YR outer surface of the top chanber interface. 30

Dat e of recgm:m] HGeczﬁohneﬁho&O&&andsl&fa@g%ﬁ&ﬁbeﬁ%ﬁd&@é@é&%é&ﬁe@ﬁl EF
DESCRI PTI ON. OF THE DRAW NG FI GURES [0018] FIG 1 shows a sinplified diagram

of a pl asnal{¥2dtedIOnFATEshow detaidsmaf|a aranicovindewdescrghaddisEeini ve vi ew of an
|
ie)r(lte gP f g(r:)é gh sﬁ;ge inj g\@ Owgég%s%ﬁc%lgggaﬁpg gﬁ‘ﬁ’eh@erégf sb&ﬂ eré)ie(ril.

[ 0020] FI Gsher3ﬁr.D show details of a top chanber interface as descri bed
herein. [00 I 4A- ow de1 s of a ceram c w ndow descri bed
her ei n. 1‘% oo@’}”g éc‘ﬁGSséﬁ*% Joon IR e inigedr o IGHRONRS BL 70 BRETHRS T er y
syst em desc gk Wl Stithe top chamber interface and is supplied gas by the side gas

injection system.

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  ofthese 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.
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10 [0023] FIGs. 6A-B show det abdtsofatceipt:gaOctoh¢re20100019.v10¢0) POTUIE2610/002478
.opening in the sidewall of the top chanber interface and is supplied gas by
the side gas injection system DETAILED DESCRI PTI ON OF THE | NVENTI ON

15[ 0024] The present invention will now be described in detail with
-reference to a few preferred enbodi nents thereof as illustrated in the
acconpanyi ng drawi ngs. In the follow ng description, nunerous 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 pr ¢33 |FﬂGerﬁA1D1Shmvd¢tell$>oﬁthe tarechanitteh inerfasris. FIGABA i2@ top t hese

specific details...ln other in nc rocess. st.eps and/ or
structures K5VE° %tBF t?Pe"é}%‘"H’ééH}a‘?fg%% ' nFﬁtga‘?fsafﬁﬁ%Er(%? Setcﬁom)lt‘Pﬁ‘ﬁnecessarl |y
obscure t hejlRs@a8ME a tHMRAEE WAl s08tidtS ESh, Q%Whuea@ectt&mb QK)QHﬁer vaBeghd be
construed to include values up to 10% above or bel ow the’val ues recited.

[ 0025] Descs¢dbog shefacs ¥ qradowepvamwnbicalipg surfacefl Sdrand sislerinjebobports Bt i on

of 25 pl h t ed F
o 25 8 SIS BB UL A g e oo
del i very syatheﬂam P &AB]dinhbesighsosihe syrFdce iind O WrédveHIS@ foPrdeBipt vflasOa

chanber 10 which in@rﬁyil a_|lower chanber 12 and, an upper chanber 14. The
upper chamb8P8 ## ek Gy 300l adisEsmsel Ve Yf?%‘rshawglgllgcmnéﬁ’fé}u?p%@ﬁ g8 g

dielectric W:adow:d8n aﬁmlgﬁeggs 15111§n %VeJJt%rEi?all?’Pslt he wi ndow and supplies RF

power for enérgl zing process gas In asima state inside the chanber. A
top gas inj §M28F KGmbAshews idetailhef ﬂEMlﬂdowﬂGthﬁcN\/mﬂiﬂWsh&bnﬁlﬂldpﬁﬂmgng

| : b 2
(10. 10, ¥910y Sforréseins B Rled inieciprbang hpedo ghﬁr?y%?ﬁ@atﬁ?c&e@%é%a%ﬂ top
chamber 11t Rl 26 fukShenkd: G and didcking Rlui¥e P44 i a bliorh FinEL BODBE B 2ce

15, FIG 3B is a side cross sectio view I llustrating a t ene wal |
sect i on 15asida sutfaqe Mkl FEQ. 4B s 4 side vistw ofithe wpndow slacovium EKhI4|A19FK1|r4(hce 15

c, a |lower vacuum.s surfae15d an si e.i.njectiqQn.ports e 5in
si de wal | §l$° Slfin&l%ﬁg s‘%&v\%mcfg? 24 %ur%fe ?fb%‘éfj°{)§%ﬂ§ﬁf géﬁ‘fesﬁe? surface
15c wher ei nsutfdce aitfictdisropased arish ®teratific &wﬁlg@ec}aﬁwblgémas;%ywﬁtrl&ﬂ for

recei pt of an O- rlgﬁ)are set forth. FIG 3D.is a perspective view show ng
| ocat i oh% ofxidpe FIG oD iascrops saction of the auterpsrphery of heewindoshwhereithe out er

wal | 150, | R0A8LY G rHhcRAANEIHPLRl LAl fdre I IR M0, WOl g udes

central opening receip of '@ top I'njector &S 16b
i n. upper sudinansioh6of bne of the dlipt bofestiGbp FIG! 4F sheedariits, ardndimensibncsf ng

o a5 do. vINEHIGKTHERHE oA BiR ATFross Raviaps s CUALS S B A6edings of o
vacuum seal {figtRWidS6Rhd Rendd G LifigRUSMROH aRfl eBeds®HERSfilless 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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surface which is coated w th apfiesfasdeipt:a9ictobg 20100109, HS2000) RETAUSIPIAYEI3
.yttrium 15 oxide. FIG 4D is a cross section of the outer periphery of the
wi ndow wherein a rounded recess 16i extends into the sidewall 16f. FIG 4 E
shows details and di mensions of one of the blind bores 16b. FIG 4F shows
-details and di mensions of the clocking feature 16d which is a recess having
a radius of 0.625 inch extending into the side of the wi ndow at a single

| ocation and edges of the recess forman angle 20 of 90 with the center of
the radius. FIG 4G shows details and di nensions of the window and FIG 4H
shows a cr osstesaaticenf dfe toh ehahbetdnterfateiss.r BIG.HE sHosvsrdekalsiof ehedegphuen of t he

blind bores. [0029] FI 5A shows a tQp view of the, chanber wherei he
cylindrical g%‘% %ﬁMGhFW%PP&%Y £3s “%eslwgé’t’}éﬂhﬁﬁr?’maﬁeﬁ‘%wgl% tng of
the upper CcRRIDS! shbks dehailkoFonpbBr iR BbiALAEAIIRIG0OithREYYas! €1 L corner

in FIG 5A ilTustrating a bracket arrange supporting’t etop
chanber i nt eorirecon $S0gIwiHch cdmmstsnagescmmsctntm SOtDamit\mtegtmm'ygaphhgs system

50 which_in a f eed 50a ri mar
gas 11 ned oond bitiisaiedaxeonadiont Sl uhisiprge T ediordlt econity e Bnes anyt n
tertiary gasgod, 'PR§ S@QOWQQIe%EWfa%fHFg%th'&@&& W%Mt@d‘nﬂﬂle 'siﬂ%ﬁvatl‘é'i"t}fég 30
gas to eight side injector |ocations 5D shows how the gas injection

syst em 50 ( tapeshaimber widrfage das FlGa¥ldIshowhdetsidsref hivws therpreménygas line S6bnmon

feed 50a to .of , the |de|netor u defi ned
by et he anno R g Afwtir e Rl e Sidebal e Sye YobahitnPerdBRrlsgd 85+ TH0-16. b0%0)
PCT/ US2010/ 8Dshbha detilelof howithe gapinjdckion spler irlibers gwtcﬁm‘eaﬁehelﬁde FIG 5E

shows details of the comon gas feed 50a and_ the two &ﬂl mary gas, | i nes 50b

whi ch t 9 i Hectors 05 KIGhALERTwna sids 2oy mjcotur S0haus Flict 3K BowT a Jiehaso0) he

d t t
gas. connuot Pyt Beriden AIbEAAERY AN CRRRBPAE, Siifsct BhfRgGRANCC! < 10
connect i onssidémjedtiontpoctoifiecnfithe wparhdmbef intdrfacedSondary gas Ii nes 50c. FIG
5G sh d il f i d ' t 50i t ed t he f th
o haror 960 TS bl s cart Wi Bad e o 117
S0b fits w thifnide Hﬁﬁk‘ﬂlﬂi’:{th hORA ew, hﬂﬁ,nahggv@eés %FBH%I%S

interface 15. Fl (_3 shows gas 1 njection sy tem
del i ver s gampuocwh@eroperaﬂn@ gintiol1ed wmqimtathngsnﬁﬁt feafr¢s, chanlsdrdemperairele gas

i nj ector 50| SK. shows sher ch fits Lyeen S rface of
a side gas (r’lr}q{aogthor ifs SId% Smjgf)t 08T %eﬁrv?g\é@b‘"ﬁ etcshsgla ui%dﬁalort 15e

of the top ehahibsng bleétﬁeilamereiaﬁout[dmﬁ@ﬁ}»art NTke Wc@ﬁﬂfsfe@li aeapmrmptonebhe top

chanber interface 1s a hard anodi zed um num cyl i nder that has features
for mounti nBope Océrgs as thedep and hedomaf thegylinger. n%‘ﬂ?m@'dl qonduetigids at ur e

controll ed ng%]

har dwar e, 5%2&3%6?48}’% o?'imt‘@g dﬁﬁlo\t;(e‘ir ﬁ% él RF?%,&égagﬁ%g]k(\’/gcuum
and conzict grogveba the dytiabercand cntactid bare mdmﬂ sy bn arl hdjavan gomiperaits are
preferably one or nore O-rings at the top and bottom of the cyljnder.

El ectrical dBa¥GHEht apd thermpaldnass ¢ incecapedatithe uppar ReBIRRPfithe cYiindepto o
metal |ic sppimieethe 883t erhpéthtuté hisifbralif. @he 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 0of 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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20 groove on the cylinder and manéraedipt:as DatoBerriogho. H201() POT/UER01BADACENT

. conponent. The wei ght and thermal mass are increased at the upper portion
of the cylinder to achieve the desired tenperature uniformty. The internal
pl asma exposed surface can be coated with a ceramc material such as plasna
- sprayed yttrium oxide. [0031] FIG 6A shows an end view of the proximal end
of one of the eight side gas 25 injectors 501 and FIG 6B shows a cross
section of the injector 50i taken along lines AA-Ain FIG 6A The injector
50i includes an injector body 60 which has a central bore 61 of uniform

di anet er of 0.05Q38efembly 0228 imuhh, Thercehraldoreg hds Oviddpectahtierf atrldasnd0axi al | y

t hrough proxinal, a distal.end surfac f the injecto dy 60. The

i nj ect or bowP%@lnﬁg t%lﬁoﬁ‘gls 48@?&},%1%?5 the Bore;cgnontiol %c&@gf%&wngfe i nch,
an outer 30;,¢li & . I i nc ty; ream
section 62 W icgdg%égfeg%ts 0. 5%0% géﬁ%étgggsgéggf%?g%@l%‘%g??%1% idrl%ﬂ égﬁ an outer

di anet er of ofth¢ dowostteatiBendobinetualel g 40° EA9°) chdmfat farmengla @b te @BlSect i on
63 havi a |l ength .0..245 .t 0 t e of ipt: 19 t ober 201

(19, 10, 201 oprefesbiy a3l By malas stitics & cldome SRR VHGHEPHET cent r a
bore has ansafueeef dbwhdtal sedtioh 688hd dfacR67veHieR ispekderidiculdr-to BRis aspect
ratio of the bore can control back diffusion into the injector to prevent

corrosi on ofxtensls bstween| the uist aurfacgsef the agstreaneand downsiresmusecions 164 of t he
downst r eam Gl h f Qrmi.n . 015, 5
preferably %Ggigfwgﬁ%v{ng@gg 8?:%3}5%&01@1}}} ?’ﬁgfeg%.ly Q'f?g] Hé%r' ﬁlél?e ggatc)getg \%/g)g%%t he

out er surf aggirst wdshwr$0j &¢RoecCihiRIG. SKB. ame psoiifrat endsurfdte &i8 dfthe
per pendi cul ar to and, ext ends between the outer surfaces_ of the upstream and
downst r am Wsteamsection ¢obgraveaimst anetherayasher which sgogunds @ eutist ogﬂ@f erably

0.01 i nch. %g@@iﬁﬁ%ggﬁ?‘gﬁﬁ’é %i(g‘.gﬂi W cafBNeln %%I%%I%Q%tél LnfbfneoK.  The

proxi mal en upstream secti on bears agal nst anot her
washer whi cinjestor'Séupagectnbeyont ¢he de whal. Posferablyi tha disfed ead of HmanjectorFI G 51.

As can be nin,F 51,, the dist end of .the .injector 50i project
beyond thesg(ﬁd’é{e\ﬁgf b‘%SWé?e%?Q}eiﬁgé]ﬁiag’Pﬁﬁa'éW If‘t‘}t Scﬁ?ﬁlgﬁrltolro SJOi eitends
0.05 to 0. 240082r enPARbRIaALE WithRPtbfefred ehibobinkdHt OGht RENERRATPLEerahROHS | N

accordance with a preferred enbodi nent, the window is a ceramc disk 15
wi th a Bor ewith atbieee i thel maddlp shat jinfedfages ovith aferamic gasripjectorgliqlsohasa or. |t

al so has a raised | andinn ad bhout .0..008 i nch L ch_exten about 0.5
Tt 11 om 1B TR B30 o RRMiRe BstdRcaboll s dn il SiRe B

i nterfaces périphefynéh theottb@difér distheef @OB) thhhik@ fices MithGhé topchagder at t he
i nterface between the wi ndow and the top chanber interface. The ceram c

di sk i s abolferiacenlherens ak Ognine sl atthe iterdesebetwepmibe Mgadow apg g toni gh

PULLLY LR LAY aR 3 SRR RRAATIRIA  ,

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 monitoﬁng 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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blind bores on the top surfacepihatre@fpeapioctbédor0@d.1CmuRPE T(TN)102002473

. Resi stance Tenperature Detector (RTD). The location and depth of the TC and
RTD are selected to achieve desired process tenperature nonitoring and

avoi d 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. 100331 The
contact area between the top chanber interface and the w ndow det erm nes

t he amount of heat transferred between these two conmponents. During plasm
processing, the mddle of the windowis hot, and it is desirable for the 30
cont act ar ethetcontaohatez to i &bnduxt any heaténtgahovindvsy amdwdanateb theel p nake t he

tenperature of the close to.that. of the mddle. At idle (when plasm is
not gener at E’WHWWW?W??&’H@‘ M e of the windowis cold, and it is

desirabl e f 034|?7>gtme QbpthERPLTEC 2hd KHID W&EabUM&N Byl detdithiffbOVhere the

PCT/ US2010/ 002473 the contact area to not conduct” any heat” into the w ndow
and t o nat cheuttad axie fzeeo stressdinef it ishihe dind dhat seffaratbethaiterdole/anl 60BptesIive dept h

of the TC and RTD 5 establi.shed.by .det.erm nin r heneut r al is (zero
otress 11 nodigssosyof fheSPihiiy 450 ket MBSk BREDRAbIRA T e dbFve 5
stresses) Ohndl{is ¥dnHI\ddtérmiAd Whise@RitdapdraRrdaiffetdiicelis 4thRe HRhsiradpyidt,t hat
axis. The anal ysis can_ al so determ ne at the tenperature difference is at

t he measur edndiiepoint ghintersst. Jdiindiffsrenicacar be accorntied for infsoftaceusedriobe
accounted f T f .e used to conduct the analysis. [0035] The |ocation
of the TC ag@%ﬁgé%@ég anal yzed to determ ne what offset 10 needs to be

account ed f {0035p The lsafibnar the Tihand RTESS aldd dnaBzed tldstemtine bthacoffsee! at ed
to the tenperature differgr}ce, between the_m ddl e and OD of the wi ndow. This
anal ysi 80 caResdste be ageaunisd foringhe seftvareodhe giaessiip tewdoprgantiendow and t he

tenper at ur e Hie1hig &F@?Hﬁﬁr a ) Hffféé&%%e%nttﬁm%cﬁ% H{uﬁgﬁt of A€ Wihdghe of

{
t he wi ndow cannot be neas due to the presence o op gas I njector.
15[ 0036] | f Thisenblysis can cdrr¢lhte thoteapedaureatf thaméddlé of thehveindowland alk us, t he

w ndow woul d have a high stress concentrati on where. {he holes are | ocated.
Because t he'S"HET ed’? ﬂ?erfé‘e@ﬁ“ﬁ pgsiy %&mﬂ%atflﬁeoﬂ}éﬁﬂﬂa&lﬁpi%re in the

chanber, t h@indoRd&itinot 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
of 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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could fracture when there is adidenrem®ipt: a9 @diobsit20for(@M0d0e0) PEMUSLODO014ME edge
- of the wwndow if the bottons of the holes are not rounded. Adding a
spherical radius at the 20 bottom of the holes elimnates sharp edges and
therefore reduces the stress and likelihood of fracture. [0037] The ceram c
" wi ndow can be replaced, serviced, maintained and is easily manufacturable.
The wi ndow is preferably about 1 inch thick and about 22 inches in

di anmeter. The desired dinmensions of the bores for the TC and RTD are 0.494
25 0.009 inch fromthe yttriumcoated surface and the bores are 180 apart
on a radi usomﬂratabdthinst@npamﬂu&rahgoqf 20P€ < E20°€randfuseh ¥ mcnsteinleshieebor es

have a tot aﬁ‘gdfﬁpﬁfﬁ of ab i nch_.and t he en]Lran &he bores 16b are
{apered at GgRE et OB gE Yo e tmne G ares MR E o
bottons of {iacB 82 shRVifas %Jgéti’dﬁ}@fenpﬁtsaﬁ%h anéé’eooﬂ r8&tAnguifr drfR38] The

side injection systemcan déliver "a tuning gas and the systemis designed
to be a renwabnéﬁgemq}u wei&tblYel 61?amnh¢:§|tnlélan ,simaharfequslyy nearly everak

resi sta eS|St J1C ort gas i n_] ection SyStem
It can rBtDat oafcn?ecsellm Bl opRIdHE ﬁE‘aE‘G {%%giﬁc 10) PCT/ US2010/ 002473

operate Wi t {6039 trﬂamfcabubetrreas‘l@segasfmfé&%n syh?éﬁclsaasnmas tublif ga3ch
st ai nl ess st eel tub| ng 1d cust om desi gned, | ow Il e vacuum seal i ng

i nt er f aces. WNEaMly g ama. able flowrate asd flovwgurilaraliyafithesidg gaem f i t s
Wi thin a Spﬂlﬁe& igh s %ﬁ%%@bﬂﬁhﬁtﬂé\%@%é frf'tThgan%Q bbRCAL eg?op%gje 2 inches

tall and, tan ousl near ce does not exten side a
di anet er ofsid@gss mjectwswh{dh(h’ﬂeh'naahef ﬁolrd:jmrm) mﬁl \tdmme iofl éheggrs deliyergt i on

systemjs to provide tuni nlfor j nt plasna The flow rate

and 10 unﬁubgfpm%yramemfeg%ﬁ Eggeth atation oy fhs ily the

functions Ofocﬁtﬂﬁl | DifRins13R B i agm i &8l A e Fb&%sdl t‘é‘P Péa%h"‘h' ch
Y

are nmade of solid yttria, total oﬁcr%eo e gas |very and
symetric psnlild Yttwiaghjecion; j %04(1)#0 062 atqhowumemﬁgahmjmtwgwb'stﬁnqa@nf\ééﬁ

| ocati on. hans as in ect 1,0 ste eg bore
di ameter o @gﬁ cﬁafg tge RO q%c@%@“ ”%S%QP% - b%‘l"urﬁéls of gas
I njection Sﬁ‘@&eqfﬁhthrl@f@tﬁ/%ach 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 top chamber interface is an anodfzed 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  goes into 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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fitting (the gas fitting at theaegrstdepann e@abaf20comnmrel®ed ThGa)10/0824922
.1n3, gas travel path length to each injector fromVCR fitting: 37.426

i nches. 15[ 0040] The vacuumfitting interfaces are smaller 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
and repl aced when consuned w thout having to replace the nuch nore

expensi ve stainless steel weldnents. [0041] The top chanber interface is an
anodi zed and ceram c-coated al um num 20 cylinder with O-ring seals on top
and bot t om drnachetertod thecQnirgrgrosve foathe ontr diagnetértaf thehehandreawhereshedow. The

top chanber is, actively heated a mai.nt ai ned at.a constant tepperature for
repeat abl e WAIIOW gRats e :«lmgebz%essﬂmr@wa'éﬁa@ bF @PURIAeA YAt e

wi ndow is | aigel YorQl?é“ﬁéa?'fleﬂdlmh%tihfe anlatc%fng%f&oprw@ssﬁ@p chamber. The
chanmber interface largely controls how nuch heat 25 goes into or is renoved
fromthe ed{f943] dmeddrioniche flxtmgss ofithe indenfaceas kmiaqal tthedwtgetransddr agdr i ng

i dl e and. hot_duri ng. waf e rocessing, .t is. desi | e tqg.keep tenperature
gradi ent’ SR DeftiFintangd Berdgts s ReL dimepions TieliEe gl R IRE R 11 ow
across the ginhRtdr@e=02$.290av0.067 inchOéhambeh coftadt régiow ottbridigndted € Wi [ 1 cause
the edge to get too hot and fracture the window Too little heat flow

during waf ePZpt 3486 $0.8§5 3achychamber pontachregiadfiatngss 9O020ackol d, and | ead to
fracture. Theuhea of. i r j | s the heat flow
across the pﬁ’t“gff %%&ﬁ‘lgs lfﬂgggoe%%gigiﬁgg?n\pg{%@gksea obgpgéé%%%hber to the

W ndow i n airodifidationsardl variativhafiay be @hade to thef disvlvdedentboidirhentPathéleof

receipt; 19 Cctober 2010 (19, 10.201Q), PCI/US2010/ 002473 di apneter aof the
0-ring Y ooteEnaiging pethyp thersubjestandsspia of;the inveaheneas dgfined byrbe fgliarans
contacts thg,ghanber. These di nensi ons can be optim zed by analysis and
testing for the heat flow during idle and during wafer processing. [0043]
In addition, the flatness of the interface is critical to the heat transfer
and 5 nust be mmintained. Various desired dinmensions include outer O-ring
groove dianeter 01 = 21.290 0.007 inch, chanber contact region outer

di aneter 02 = 22.00 0.005 inch, chanber contact region flatness 0.002 inch.
[ 0044] Havi ng di scl osed exenpl ary enbodi nents and t he best nbde,

nodi fications and variations may be made to the disclosed enbodi nents whi.l e
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10 renmmi ning W thin the subj echat@stdesipt:1b Ocdbert208) (i1 NW10) PO TAS2080f00IE8 DY
.the following clains. Date of receipt: 19 Cctober 2010 (19.10.2010)

PCT/ US2010/ 002473 WHAT IS CLAI MED | S: 1. A repl aceabl e upper
chanber part of a plasma reaction chanber in which sem conductor substrates
- can be processed, conprising a wi ndow, side gas delivery 5 system and/or
top chanber interface, wherein: the top chanber interface conprises a
nonolithic netal cylinder having a uniformdianeter inner surface, an upper
fl ange extending horizontally away fromthe inner surface and a | ower

fl ange ext endi ng WHATLEhCAUARMERAS:f rom t he i nner surface; an upper annul ar
vacuum seal i ng surface adapted to seal against a dielectric 10 wi ndow of

t he plasnma chanber; a | ower annul ar vacuum sealing surface adapted to seal

agai nst a bottoml;s_@p,te'gp‘@eme{, rRh&TBE AESRE lasia FRHSREhIRSS iR whidh Upper
portjon of the cylinder, the thermal nass defined by a wider portion of the

cyl i nder besemisondustorisnbsiratesinahdepregedsedncauprsing awindew esidegasi delfvery
vertically fromthe upper flan t he t hermal mass being effective to

provi de gazi ﬁ)(f?%ﬁn&gﬁﬁgrcéﬁﬂlbg '%gérfi’ﬁls’f% Y of the inner surface, and a
thermal choke at ti tbpWRIMBE ihlePfAcO®Eorhpreses ¥ rhoidithie ikt dyYiadérthaling 41 ze
transfer of heat across the | ower vacuum sealing surface, the thermal choke

defined by aniformdigmetar innes sudacenan nprer 4lanpe exteadias bpriperdally ayay frovs | nch

and_ext endi g o Gast. 28 ler thed BB HIRIYRIa M HAREprkhe W ndow

conprises a ceramc avi ng orm ckness, eas one blind
hol fa confi gfsmﬁ;te;:g] ief ameular vaeamarsailiigesuifaoe hdaptedtosseasagainsta disteotric

seal ing  surface adapted to seal against an_upper flange of a top chanber

i nterfat®, ¥iefow e%tsﬁ Plasm3shamben; Ailgyerannuiar vaewny gealing syrigegsadanfeddp or

uhich dell Vet plifd atoudRrecklibof e piRRathatbeh; 2 s aPlfiiifer t NE_gas
del i very systenTconprises Biturcat ed gas lines I ch recelve tuning 25 gas
from a commportioeed thendy/ligder, theithernzal nzasg define Byt @widdrpottioni ofghg aylirsigoal

di stances oM NG, SO, Leothd & LALEGHALE cTRNALE Sckitafty Hoioutiphe?’ 1

flange, the thermal mass being effective to provide azimuthal temperature
15  uniformity of the inner surface, and a thermal choke at a lower portion of 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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2. The repl aceabl e upper chanbgite fatdeip@fi9 Qc@bén2810 MHBL®iI0) PCYAISgES/00B73 ver y
. 30 systemincludes eight injectors symmetrically arranged around the top
chanber interface and the gas |lines can include eight gas |ines of which
two primary gas |lines of equal |ength extend fromthe common feed, two

- secondary gas lines of equal Date of receipt: 19 Cctober 2010 (19.10.2010)
PCT/ US2010/ 002473 | ength extend fromthe outlets of the primary gas |ines
and four tertiary gas lines of equal length extend fromoutlets of the
secondary gas |lines. 3. The repl aceabl e upper chanber part of claim 2,

wher ei n t helepgihrextgnddfesan $he dutteesofthe ptinnage gastlivees ahd éorsaentiaciagas lges of i nes
and the secondary gas lines are longer thap the tertiary gas |lines, the
primary gaseqqai%gggygtmto@gep@f CRSSPHIEY 89S ings: secondary gas |ines and
the secondary gas lines are connected to mdpoints of the tertiary gas
lines. 104. The repl aceabl e upper chanber part of claim1, wherein the gas
del i very syst em Bs THeséplansdbleaippern chaimtbier parhoSetain 2y whenein e primsdy §9s an

annul ar recgss in the outer surface of..the chanmper interface.

5 "The. rbp) GBS G0 Die SRR e icsana i SFOTHREY erhiNTeT FUEF surf ace
15 of the tfanahahRiy bid BidsagR pritidry @es1ifds aré Botlrtted €6 afidpaing Jflfiee gas
delivery systemis fitted conpletely wthin a volune defined by the annul ar

recess. . secondarp gasthigesrang|the secondary gpe Hnesaaeroermegtedito anidpoiatsafthe wher ei n
t he wi ndow {ep&lgg%gfli wo blind bores in the upper surface, the bores
configured to n "tenperature sensing probes therein. 7. The

repl aceabl e upper chanber part of claim1, wherein the wi ndow i ncludes a

central opening, the opening configured to provide a |ocking engagenent
with a Wlindrich Thagenlageabledwp mbswﬁ@oacle@hﬂr%(hergwsthsgggaéévem ch
delivers 25 84 : j %EP . W ndow.
8. The repl ?gfeéggﬁgﬁﬁ%gerE‘%ﬁ%@r}\q&éﬁapﬂg@u{a@g‘%gﬁ%& e?@lﬁ%{lﬁg@s’? (IJIE)B%hanber :
i nterface iogbusiefcaofjthedor chambdrenterfpes. f| ange configured to receive an
O-ring which provides a vacuum seal between the w ndow and the top chanber
interface. 30

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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9. The repl aceabl e upper chanbeite gfaedeipaf19 Clcaben2010 (W EY.29i16) PIOTES2) 1000273
-includes a thernmally sprayed yttria coating on a | ower surface thereof.
Date of receipt: 19 Cctober 2010 (19.10.2010) PCT/ US2010/ 002473 10.
The repl aceabl e upper chanmber part of claim1, wherein the top chanber
“interface is anodized alum num 511. A ceram c side gas injector configured
to nmount 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

I njector consisting of a stepped cylindrical ceranic body having an

t ti f d t d t
ni T orm t ant or 1Beit SPHSSRRICGIRPErIAIDY AT SR HEFEUt MBAoR ATSUGH axi al

end sur f acemtéfade§ ahddifdl PhmBRE - 12. The gas injector of claim 11,
wherein the central bore has a dianeter of 0.038 to 0.042 inch and | ength
of 0.52 to 0.53 inch. 13. The gas injector of claim1l, wherein

the cerapm ¢ body SIStS entire njector
1 8

e o oS Ponea T Koiismis e &8 itieglor Fhtfided o mguprgnny SBEoPERM 1) Gor

portion of tsitﬂmmwauy Afrafddezas et OENDANISE helasBL£sitE olliof a%og eRarhBerf i t i n
an opening in pl asma exposed surface of the side wall of the top chanber
i nterface sUBPFf‘EQﬁ’é’cf aplasma rgpctignchgmbep in WhjcééF‘@FCOBF‘B?t%Wé’S@atGSC"Jbb‘D 2 inch

beyond the r 11,
oharein t heB%:‘%rgg%d gﬁig?@g%ﬁ% igupéég&eco %?&r?% ?F D6iePfet dylinQREA cefimi bBH
having 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 11, wherein the ceramic body consists éntirely

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 plasfna 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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washer engagi ng surface on thepaxéfabeeiptids Bidlobae10q19.100010) PETIUSAOM0HETITS ON

. and a second washer engagi ng surface extendi ng perpendi cularly between the
upstream section and the downstream section. 3016. The gas i njector of
claim1l, wherein the central bore has an aspect ratio of 13 to 14. Date

- of receipt: 19 Cctober 2010 (19.10.2010) PCT/US2010/ 002473 17. The
gas injector of claim1ll, wherein the injector body has a |length of 0.52 to
0.53 inch, a dianeter 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

i njector of clai 17.1The ghcinpictor biielaitndil| @heteietheiinectonBody hanglehgthfof0. 27 to

0.28 inch and _the downstream section has a length of 0.24 to 0.25 inch.
0.52 to 0.53 1inch, a diameter of 0.2 to 0.3 inch at th€ upstream section and a

diameter of 0.12 to 0.13 inch at the downstream section.

5 18. The gas injector of claim 1 i, wherein the upstream section has a length

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