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A vacuumi processing chamber having a substrate 58 130 59 58
support removably mounted therein. The chamber includes f 59 / }32 ( f
an opening in a sidewall thereof and the opening is large o0 A Sy ) 7
cnough to allow the substrate support to be removed from 120 ) 16
the chamber through the opening. A modular mounting 138 =

arrangement extends through the opening and removably
supports the substrate support in the interior of the chamber
at a position located inwardly of an inner sidewall of the 91 70
chamber. ‘The mounting arrangement includes a mounting
flange and a support arm. The mounting flange is attached >
to an exterior surface of the chamber and the support arm 60 Q
extends between the substrate support and the mounting 7z
flange. The chamber includes a single vacuum port in a \

central portion of an endwall of the chamber spaced from the 7 ; 134 136
substrate support. The vacuum port is connected to a vacuum // ////
pump which removes gases from the interior of the chamber A

and maintains the chamber at a pressure below atmospheric J P
pressure. The substrate support is easy to service or replace 1o —

R 3
since it can be removed through a sidewall of the chamber. 100
The sidewall mounted substrate support also allows a large \
vacuum port to be located in the endwall of the chamber
thus allowing high flow to be achieved by connecting the - S
vacuum port to a large capacity vacuum pump. The chamber
also includes a modular liner, a modular plasma generating 3
source and a modular vacuum pumping arrangement, each B\ :
of which can be replaced with interchangeable equipment. \
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support associated with the particul ar processi ng chanber nust be

cust onmi zéd Wo 97/47022 speC| ally designed to neet the perfornancchmsgmgon
speci fications. The |ack of modul arity with respect to the ancillary
equi pnent such as the plasma generating source, vacuum punpi ng
arrangenent and s I'on
costs. sl ower ass Qﬁﬁ@”@&&ﬁ%«iéﬁmﬂa& iﬁﬁqgfﬁééfﬁﬁﬁlﬁi&dﬁitect to
such ancil | ary equiMy S SUCH AS A P! TINGSOURCERe| g in

pl ace within the vacuunYAGHM PUMPING ARRANGEMENT Bubstrate

hol ders. Conventional subCGANTEH.RVERED SUBST:RATE SUPP@RKani cal cl anps and
el ectrostatic clanps (ESC). Exanpl es of nechanical 30 cl anps and ESC '
substrate holders are provided in commonly owned U.S. Patent No.

5,262, 029 sand lOad gt th¥ InVE&Eon- S+ Application Serial No. 08/401, 524
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PCT/ US97/ 09032 The inventzad relatdsip Equipinent $&Spro&eshing rsabstrates| sieh @asin the .
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‘presses down on t top ace of the substrat und Its. periphery.
Furt her exanplpampiig asaipemennbnd/baapantgeveared) subatrate 9upport di sclosed in U. S

Patent Nos. 4,615, 755; 13 400, .and 5, 326, 725. Substrat es
i ncl udi ng% | agﬁm*aﬁi{ﬂé%l | er substrates can be “cool ed by
the substrate hol deyadilifd POcE&SngAhAmBeRCHS Tefdally BRI fOSH&BlngO{:’Ad ng s

- chemical vapor depositing (CVD) of materials on substrates by supplymg an

etching or deposition gas to the vacuum chamber and application of an RF field
to the gas to energize the gas into a plasma state. Examples of parallel plate,

15  transformer coupled plasma (TCP) which is also called inductively coupled
plasma (ICP), and electron-cyclotron resonance (ECR) reactors are disclosed in |
commonly owned U.S. Patent Nos. 4,340,462; 4,948,458; and 5,200,232.
Vacuum processing chambers are typica"y designed to meet performance
specifications which depend on the process to be carried out therein. Thus, the

20  particular plasma generating source, vacuum pumping arrangement and substrate
support associated with the particular processing chamber must be customized or
specially designed to meet the performance specifications. The lack of
modularity with respect to the ancillary equipment such as the plasma
generating source, vacuum pumping arrangement aﬁd substrate support results in

25  increased production costs, slower assembly time and lack of flexibility with
respect to such ancillary equipment. _

Substrates are typically held in place within the vacuum chamber during
processing by substrate holders. Conventional substrate holders include
mechanical clamps and electrostatic clamps (ESC). Examples of mechanical

30  clamps and ESC substrate holders are provided in commonly owned U.S. Patent

No. 5,262,029 and commonly owned U.S. Application Serial No. 08/401,524



performed by the application of an inert gas, such as helium between the .

10 substg.at der and the opposed surface of the substrate. For _ - -
i nst ance, ‘é@e’gﬁ?@.& Patent Nos. 5,160, 152; 5,238, 499; g?:gg&?%ﬁ??zand‘

5,534,816. The cooling gas is typically supplied to channels or a
pattern of grooves in the substrate hol der and applies a back
pressure to filed onuMarahati® A5 cBubsirade holdersandhe foren ofilns eleatradet can

becone bowed_u rd.at the c er._whe he ,substrate is hel n al ong the
15 edges b%/uPﬁy\ﬁn%aghogfﬁqggfcyc@ﬁrﬂoﬁﬁr ﬁi °a?}lf‘§n$er’ as 'SCI?SCE] '"qége%‘tcﬂ!st atic
chucks are uNgd4,599,6®! Metamiedl danps séchdlyoeifplopAdiahb Mhg which Substrates
I n place in a vacuum chanber in situations where it is desirable to

avoi d a cl anjsirieynds thg swibbicate erd prassesaiown on ger ponrfate ohthesubsttatat e upper

surface.El ectrostatic chuc f the ngpol ar 1t .utilize a single

el ectrode. 28 umﬁg? pFﬂglfeéﬁ'cﬁnE%ree’ﬂ"@: es t%ﬁc?'aﬂﬁ.xpéf‘%&gms Ffectrostatic
chucks of thdisdlbgedliarU.S. Patent MBS 4/619,7552 504BUR0; atd 53261795, bet ween two

el ectrically charged capacitor plates whi ch are separated by a

di el ectric | ayer.Sybstraies dncinding flakpang] gisplays @nd siwaler substrateslc&9Be 836 'and

- f i ng chanb
oo typt cal 157064 bY fhe, spSAE HoRE oM Fidain bifoey itz HEbEL Sich Caolilg S er vi ¢ ng
and repl acengiifor@kd by the apPiicatioh of aalifert PP Sdh & fdljurt! Yendddh thi e
oA

- consunf"ngs npl es of such bottom nount ed substrate supports can be
found i W0 U. Subsizate holdep gnd thezagposgbsurface of the, 9dsirges;Fot iBsTcé e U515, 755; -

't e subschAT el 5, A00%: Sa5n 455 s a0 s sopa TiReode s R ugh o

i f the substra susp
si dewal | of typieally eassidabanidicls &4 pAERH of Fréuvls i BleSuBitrAOUBIRP and

"2 applies a back pressure to the substrate which tends to cause the substrate to
become bowed upward at the center when the substrate is held only along the
15 edges by a mechanical clamping apparatus. _ '

Electrostatic chucks are used for holding semiconducting and conducting
substrates in place in a vacuum chamber in situations where it is desirable to
avoid a clamping ring which extends over a portion of the substrate upper
surface. Electrostatic chucks of the monopolar type utilize a single electrode.

20  For instance, see U.S. Patent No. 4,665,463. Electrostatic chucks of the bipolar
type utilize mutual attraction between two electrically charged capacitor plates
which are separated by a dielectric layer. For instance, see U.S. Patent Nos:
4,692,836 and 5,055,964.
| Substrate supports for vacuum processing chambers are typically

25 mounted on a bottom wall of the chamber making servicing and replacement of -
the substrate support difficult and time consuming. Examples of such bottom
mounted substrate supports can be found in U.S. Patent Nos. 4,340,462;
4,534,816; 4,579,618; 4,615,755; 4,948,458; 5,200,232; and 5,262,029. It would
be desirable, however, if the substrate support could be accessed and/or scrviced

30  through a sidewall of the process chamber. Moreover, a substrate arrangement
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t he I nvention The invention provides a vacuum precessi ng

chamber havi ndhuspz yeaum processingr chagwab whichyachjaves high ¢angductaneshGiec dowf

conmponent s andg{ or _i npr.ov t in  formty of. gas.fl.ow especially at
ow pr essur es HormeesHsR5y Aot bsscs opld b BeRl destob Bl Fer i Hosbant | ng
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support and/or a vacuum punp to be easily renoved fromthe chanber

for servici ng ablow ppesawrerfes, lessehant0 mEorrhwould het highly aadvantggenus tfer

are int erﬁgan eabl e t‘he.chgltrwﬁerr uﬁgln be readily nodified to incorporate a
desired plhsn@T3EINPRSPRIFOIMHLSUINIAFY in close proximty to the substrate

20 support ®urhiaii'ef thekiveatigh a desired substrate support nodul e such
as one :

The invention provides a vacuum processing chamber having improved
serviceability, flexibility in choice of components and/or improvement in
uniformity of gas flow especially at low pressures. The improved serviceability

15 is provided by mounting arrangements which allow a plasma generating source,
a substrate support and/or a vacuum pump to be easily removed from the
chamber for servicing or replacemeni thereof. As the mounting arrangements
are interchangeable, the chamber can be readily modified to incorporate a
desired plasma generating source module in close proximity to the substrate -

20  support or further upstream, a desired substrate support module such as one
having a mechanical chuck or an electrostatic chuck can be mounted in the
chamber and/or a vacuum pump module having a desired pumping speed can be
attached to the chamber. The chamber thus acts as a universal housing for
manufacturing various types of vacuum chambers useful for processes such as

25  plasma etching or CVD. _

According to one aspect of the invention, a universal housing of a
vacuum processing chamber is provided having first and second endwalls and a
sidewall extending therebetween. The chamber can include a first opening in
the first endwall, a second opening in the second endwall and/or a third opening

30 in the sidewall. Each of the openings can be surrounded by a mounting

arrangement which cooperates with a mating mounting arrangement attached to
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havi ng a mechani cal chuck or an electrostatic chuck can be nounted in_the .
chanber a ; acuum punp nodul e havi ng a -desired punpin be
attached pgb?%gﬂg anber. The chanber thus acts as a univerngéﬁggg?ﬁgpfor.
manuf acturi ng various types of vacuum chanbers useful for processes such as
25 pl asma etching or CVD. _According to one aspect of the
invention, & VAFUUBY BENP meadiie; plasmaggenerating wewrge mqshubec andiomspbstnatearber i s
provi ded hayj ' an dyal and a si dewal xt endi ng
Fher ebet weer “PAore bl CFor BEARL, FAE HRhdnd parbsmept, sprioyhaivg the fiy°F [ of

endwal |, a spening capanatB gvitina nivanting QRdn b lattachied/16a Padnili pehepitfip N9 30
in the sidewall. Each of the openings can be surrounded by a nounting

arrangenent SRRICErMedipthe Monking Qrranganpant gumending heseeentyepraing cant ached to -- -
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e uso 7 ood¥sE Wit & ARy amenesmens atacherdo A yasumm PR Mg is End e ce
nodul e and/ ehownitingtarfingement surSupgiag ithehiidl penin@r canThihd RFith a hRiuiRuUNt i ng
arrangement surrounding the first opening can nate with a nounting

ar r angenent TeQUINEEaIrangemeny) aieakedylermsubsirplg support modulec cEanbonflthe t he
ounting ar ro%@ﬂiﬁggg%n gr’{é?lfd%%%r{ﬁoﬁ 086 3§F Qr?ﬁl:o”%ﬁe ' @glﬁgﬁhﬂ%ﬁe%e wWth a

nount i ng arrange ached a vacuum pu f TR _
mount i ng ar rgasiggeyrent surrounding the third opening can mate with a nodul ar

10 The first opening can be circular and include first and sccond recessed -
surfaces wherein the first recessed surface is inward of the second recessed
surface. An O-ring seal can be located in a grooize’ in each of the recessed
surfaces for sealing the first opening. The mounting arrangement surfouriding
the third opening preferably mates with a mounting arrangement attached to a

15  cantilevered substrate support assembly which includes a support arm and a
substrate support. The support arm and substrate support can be sized to pass
through the third opening (which can be non-circular, e.g., rectangular) for
removal or assembly of the substrate support within the chamber. The mounting
arrangement surrounding the second opening preferably mates with a mounting

20  arrangement attached to a vacuum pump module. The sidewall of the chamber
can comprise a cylindrical sidewall and the second opening can be circular
wherein the flow area de_fined by the second opening is at least one-third of a
maximum cross-sectional area defined by the cyliﬁdrical sidewall of the
chamber.

25 According to another embodiment of the invention, a vacuum processing

- chamber is provided having a substrate support removably mounted therein in a
cantilever fashion. The substrate support is mounted in an interior of the
vacuum processing chamber by a mounting arrangement which extends through
an opening in a sidewall of the chamber. The opening is large enough to allow

30  the substrate support to be removed from the chamber through the opening. The

mounting arrangement removably supports the substrate support in the interior

-4-



mounting arrangenent attached to a substrate support nodul e. Each of the
openi ngs cawgowdroae a vacuum seal and an RF shi el di ng nenberPQEU§7/09632
gasket). 10 The first opening can be circular and include first
and second recessed surfaces wherein the first recessed surface is

| nwar d of the e : cat ed
I n a groove i 5 eacﬂgngb%? %?ﬁﬁg(s:\ggrsxé%pdﬁﬂ 1@\%5(1! ?gégé é?%ﬁseea llﬁ'gﬂ‘[cgg’fftfl?br st
openi ng. The ghambérng arrangenent surroundi ng the third opening
preferably mates with a nmounting arrangenent attached to a 15

cantil evered subst M@@%bbﬁ"%§éPﬁ9F‘y°ﬁ/\ﬁ'?Fdﬁ"qnﬁ@l‘uféésPraceéﬂBEGPf‘mﬁF‘m and a
pass o "t Peahs ofilEh SRR el pRthents BlebiP RURBE bl AR AR O
rectangul ar) foprovided mraenregioaladguceﬂsmembbstraw‘ sdﬂpensuhfbtmhtsﬁalﬁtspppdm cunt hi n
t he chanber. The nounting arrangenment surroundi ng the second opening
preferably maircudg 2 ﬁh%mﬂﬁ‘i“ﬁgwb@h AP SERIEAR %Qfa‘élll?é‘datfﬁdmaa SURPGHM punp
nodul e. The si I Tty n

si dewal I and tﬁ@%e%fotﬁ% ggsgrr?l&g a{Ct l%hcc?hF fch% rE iu%@ er@élllhl S#é?'?flow ar ea

defined by theemedl GockigipeNam gndvealnbdf lmaﬁlhmbaeart&ihé(indfwaﬂ is separatB8 oM
cross-sectional area defined by the cyllndrlcal sidewal | of the

chamber. 25 the substrate suppory by §niapen @itth ekhe Yasyameart cat be genpseigshioi vn, a

vacuum pracesg, V. pport
r enovabl y(armunfl T RET &H@H@%w‘é ﬁg%aﬁ?‘ﬂﬁggyé ﬁHQﬁ%{?ﬁEFa strate
support is ”Dbkﬁﬁlﬁlﬂnrisrthﬁnhanﬁaral ardesitred bfessure suchvacwmﬂmmﬁ'strng chanber by
a--nount i ng -arrangenent whi ch extends thraqu opening in a sidewall

of the chanber. . ThdhsjaoRming arangementLep u%aamqwg ange @BAdSubst r at e
support to bepfa0my ?y thna,@) ‘é‘u@b@m&%{ haﬂﬁguﬂé‘ ehd thePSt UtA8hed  Ethe

nmounting arr angerren renova upports t substrate support in the
interior substrate support and the other end thereof attached to the mbunting flange.

15  The mounting flange can include a portion fitted in the opening in the sidewall

| of the chamber. The opening can be tapered such that the opening decreases in
size in a direction towards the interior of the chamber and the portion is tapered
such that mating surfaces of the opening and the portion provide a tapered fit.
The chamber can include an interior cylindrical sufface surrounding the substrate

20  support. The opening in the sidewall of the chamber can extend through the
cylindrical surface and the portion of the mounting flange can include a curved
“surface facing the interior of the chamber with edges of the curved surface lying
along edges of the opening in the cylindrical surface. The support arm is
attached to the substrate support such that flow of gas past an outer periphery of

25  the substrate support is substantially uniform. The mounting arrangement can
include a vacuum seal surrounding the opening and maintaining a vacuum tight
seal between the chamber and the mo.unting arrangement. The support arm can
include service conduits in an interior thereof. These service conduits can
supply cooling gas for backside cooling of a substrate on the substrate support,

30  cooling liquid for temperature control of the substrate support, RF power for

energizing an RF biasing electrode in the substrate support, pressurized gas for

-5.
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vari ous aspects of the invention, the processing chanber can be a

hi gh density pl asm roce55| chanber wherein high density plasma 5 IS
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can in e SEpi G subst rate.
on"a suppor  SheifEs Backie Orid MR Eatbbubtort bRk BIF. CABRN o ChinRl
i ncl ude a vaonuhmpdry airnmoaemove motsturerfadm oy tmc’ﬂbrasz thé) sEPpdNerim, Qi'ndlo?e

chanber and tg endwal | | s separated from - t he substrate support by an
open area. THiECHicalpoNeolRCSIQR agfuating, yarious gompopents of theashirstratp suppaxhi ch

renoves gases frory ngvén@,toﬂuI&r B(qdwﬁ e‘? %Bl%@qssmrgasul%%et altns t he

chanber at a desired pressure s ch as b The
mounting arr pr@esseﬂtandxen desuribed @bavenroTin imethokll cangacladel supplying aor i zont al |y
ext endi ng sug ort haV| one end thereof attached to the

substrate su taeatﬁ‘cf £ PECGSEhERamhes at APOETPD onithe KepParbsurfase PHERR | ng

opening in t P SERRABppARSCIsBREEnE Ribd e Ko Syl hifhck o I sibl ., o

such that t hsuppoemamigprdecssingsths substrate. Thesp:z:eeSsrtaﬁ 1&1&@@&&%;5?%&1@ the
interior_of the _chanber and the gortlon is tap such that mating

surfacedOof {rRRSTEBAT RFgWesTHtheubHEA: PRt %‘Pl’?f'é Sliff’t‘%p‘éfr'ée spbgtrate - .« The
chanber can LijpodeTilck tsed sittace)driié §m&hte%ahf&%cﬁéar6r0&bafyd”&rﬁ@e

substrate
the processing step. The process chamber can be part of an ECR reactor,
TCP/ICP reactor, or parallel plate rcactor, helicon reactor, helical resonator
reactor, isotropic etching, microwave downstream reactor or photoresist stripping
15  .chamber. The substrate support can include a mechanical or electrostatic chuck
for supporting a substrate such as a glass panel, semiconductor wafer or the like.
Brief Description of the Drawings
The invention will be described in greater detail with reference to the
accompanying drawings in which like elements bear like reference numerals,
20 and wherein:
FIG. 1 is a schematic view of a vacuum processing chamber according (o
the present invention;
FIG. 2 is a schematic view of a vacuum processing chamber according to
the invention without the substrate support and top wall mounted plasma
25 generating device shown in FIG. 1;
FIG. 3 is a schematic view of a substrate support according to the
invention;
FIG. 4 is a schematic view of a vacuum processing chamber having the
substrate suppbrt assembly according to the invention mounted therein but with

30 the top mounted plasma generating device of FIG. | omitted therefrom;



20 , support. The opening in the sidewall of the chanmber can extend through

the - - ° %gwmﬁal surface and the portion of the nounti ngpdiesKmeesan
i ncl ude a curved surface facing the interior of the chanmber with
edges of the curved surface |ying al ong edges of the opening in the

cylindrical surfac e su port arm, ch the substrate
support such that %lgmgcﬂm}j é“ﬁ&%sfseﬁ't‘lmbﬂfér““ﬁ’éﬁat) 36;1’025‘“ Re substrate

support is su be dﬂ%%tth@% ioN AR HBhsifS theludi

i nclude a vacga%ﬁs?‘tégfwgﬁ?#%%ﬁﬁné atIE% openi ng aﬁﬁ l%l nﬁ?n‘fn ﬂ'é: ‘{/(:1% um
tight s eatiloedred eubstiae stippohteind anvhciiwae pummt i ng arrangenent. The
support arm can 1 nsgl ude servi ce cond '

nterio e eof .
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control of the substrate support, RF powe energi zi ng an RF
bi asi ng el ectrode FiGt Beshswbsattnptwewmﬁpimumvmaﬂslmsmgeﬂ Hj&s 5 or
- 5-. L WO 97/ 4&82% . . . .
PCT/ US97/ 09032 S0PYAR FgssSertion oh 2 AniveERhAPUTNE RTGOKJIPE &AR si gnal
|ines for ”Dmf&ﬂer%%&%mtm inventidh' Gheftin HRGKGHsHE REIBASL Banthiteld At
_support tenperature, etc. T’ of nitrogen : clean dry air
renove noi st umbshramsu}iperu anldem upstreﬁmtﬂasmumr&tingrmwandﬁdar

| tri I [ tuat t f th t
SUSSOF  “¥osPO"e" RIS 1h3hot ariebisrrecial o F Sufites oah PrOSHRE FRIERRS  ng a
substrate in t|Jﬂ§ccordance with the invention.

" Detailed Description of the Preferred Embodiments

The invention provides a vacuum processing chamber having improved

serviceability, flexibility in design and manufacturing with respect to

15 components (also referred to as modules) such as a plasma generating source, a
substrate support and a vacuum pumping arrangement and/or improved
uniformity of gas flow at extremely low pressures.

With respect to serviceability, conventional chamber designs do not
allow easy access to various components of the chamber thus reqguiring a labor

20 intensive and time consuming process for servicing or replacement of the
chamber components. According to the invention, the plasma generating source,
the substrate support and/or the vacuum pumping arrangement can be readily
removed from the chamber for easy servicing thereof at a Jocation away from
the chamber or replacement of such components with interchangeable

25 replacement components.

With respect to manufacturing flexibility, the present invention allows a
manufacturer of vacuum processing equipment to produce a universal chamber
for a wide range in type of process (e.g., ctch, deposition, ctc.), material to be
processed (e.g., oxide, polysilicon, metal, nitride, etc.), or substrate size,

30  typically within a given range (i.e., a particular universal chamber may be suited

for a range of substrate sizes such as 150 to 300 mm). In this way the
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process chanber described above. The nethod can include supplying a .
substrate t Focess chanber at a position on the supp REE of

t he - V&S(S%‘}s’?fra%fe support, clanping the substrate to theolé%lgé%'ﬁ surface
of the substrate support and processing the substrate. The process
can include supplying a heat 10 transfer_ gas between the substrate and

t he support Teanufagturepmay Himplyattaph the appropriale,presgy sourpe suRgitaie upnert ace - of

t he substrat : . t:0Q: t | step. The
process char?gcelr%%%é{ﬁﬁg b%gfr?’g’ @’? am%“?alebgic’ olro,n’ to the @(%a?%ﬁg'?' g’%t or, or
paral l el pl athés isciadontrasthola iethod ofi eiapufach@ingoheréi@Ihe hte system isr eact or,

i sotropic etching, mcrowave downstreamreactor or photoresist stripping 15

chanber. Thénapufretyrad specificadlyifor the intraded applicadem debised substratessises ost atic - -
chuck - fo [ S | nel , _seniconduct or
waf er or5 t héi ewhdé.s?ﬁ%@%t% sﬂ%tf}té?e v%eg@?slt’ g?a?gﬁn%%aﬁ? e&&égtv%i/i %Zlg gry r_n%? te The
i nvention wicht dbwn dessiderably and ohasgdsan ofiddreiol cavickNativnk @agbeande t he
acconpanyi ng drawi ngs in which like elenents bear |ike reference nunerals,
20 and whéeasdiky:accommodated. - . |G | is a schematic view of a vacuum
processi ng chanbgy: | : p j L . .
BIG 21 oa sonori i FEGeR Bnk Qesign Rocklifty P B3Risal (MBI Musing gon o ¢

the inventi @ fittednwith hafdwase boinparentsswhichrcooperatettoRamg|dut EParicudarp! asma 25
generating device shown in FIG  1; . FIG 3 s a schematic view
of a subfst r recesuPisbras playng ghchihetqs depesition. Aljon gugh 2 ypiversal chamber- «+ F| G
4 s a sche Ls ' . ' ' havi ng. _
-substrate s qu%%)ﬁr;% %g@‘sﬂg%yéfxt\ée?gggg}d%&%w?%@gn ?%rﬁy %Lﬁ? !efgé}?%ter ei n but
wi-th 30 . tipeodesy) andiontpectess differenysnbstate sigescandlarantidize il diffedenomi t t ed
t-herefrom

substrate support. The universal chamber housing includes mounting
arrangements (such as standardized interface ports), each of which
15 accommodates a variety of interchangeable components. Such "modularity”
greatly reduces the down time for servicing or retrofitting the chamber. Each
~ kind of module (e.g., energy source, vacuum apparatus, substrate support, etc.)
can be designed to be mounted to a standardized interface port on the chamber.
Where it is desired to use a module that does not conform to the standardized
20  interface port, it is possible to accommodate the module with adapter hardware
to couple the module to the standardized interface port.

o The invention also provides a high-flow chamber for processing
semiconductor substrates such as semiconductor wafers, flat panel display
substrates, etc. The high-flow is achieved in part by providing a large outlet

25  port in-an endwall such as in the bottom of the chamber and mounting the
substrate support on a support arm which provides minimized impedance to gas
flow and minimized asymmetry with .respect to gas flow across the cprsed
surface of the substrate. |

According to one aspect of the invention, the chamber includes an
30  opening in the sidewall thereof and the substrate support extends through the

opening so as to be removably mounted in the interior of the chamber. Such a
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-6 -, WD 97/ 47022

"~ PCT/ US97/ 0923 97147022 - FIG 5 shows a cross-section of Pe'r/lnlsbm_sal
chanber housing of a : vacuum processi ng chanber according to the
i nvention, the housing including a cantilevered substrate support and
a vacuum punp; C
uni ver sal hous’T’ﬂ‘éptg\g ",_rf‘agegnef%a%ovg e%?}() \Q'érvglug[)f;ﬁl%h%\\% ?até/ ‘ﬁ‘é" {/Tléé\;ﬁ %) t he

uni ver sal hOUSduB&rzﬂé Eﬁb@rt &in be entirely removed fiom &e&ihﬁ%eﬁtﬁr@lﬂghvﬂhevbmﬁmfghe
uni versal housin - FIG 9 shows a cross-section of a
uni ver sal housihr ea@ewﬂq rPg’lOFéO the inventigny it; Was canypwiéonab in meunt e i nventi on

Upst 1 eam pl asioyEis Pt ST of, Bt W T She vacuum BHER GratiRanl A0 20

Cross-sects on ¢Hambef Wab fwﬁcuﬂ&amﬂa SCHIBFE Vituaapidiss connected o agde shaice
wi th the invention. Det ai | ed Description of the Preferred Enbodi nents
The inventi on iprtbesideyali ajde thmarpe @E&%Mg)% ef Hseshamber serrounding the

servi ceabl [} U yeuplofiE ' Shadd Yshdh sl%a,(gg{}.egge%rm &sma“,agmgvs&anf;ﬁpo% to 15

conponents (al’ as no suc 01 Ete Ygerte At n

source, a chafiibe hid fake 4BfediA %aﬂmeasubmu@mwwm.ﬂmcmi@ﬁmeﬁnt and/ or
| mpr oved uniformty of gas flow at extrenely | ow pressures
consuming.

10 A vacuum processing chamber according to the present invention may, be
used for various semiconductor plasma processing steps such as etching,
deposi'ti_on_, resist s_l_ripping;_ctc. An example of a vacuum processing chamber
10 having an inductively coupled plasma source is shown in FIG. | wherein
processing gas is supplied to the processing chamber 10 by suitable apparatus

15 such as gas distribution rings, gas distribution plate, injection nozzles, etc., and a
vacuum is maintained in the interior 30 of the chamber by suitable vacuum
pump apparatus supported by' a modular mounting arrangement connected to a
large outlet port 20 in an endwall such as the bottorn of process chamber. The
vacuum processing chamber can be supplied RF power throngh an external RF

20 antenna such as a planar coil 40 outside a dielectric window 50 on an endwall

- such as the top of the chamber. However, the plasma génerating source can be
of any other type of plasma generating equipment such as that of an ECR
reactor, parallel plate reactor, helicon reactor, helical resonator, etc. The plasma
generating sourcé is attached to a modular mounting arrangement such as an

25 annular mounting flange 42 which is removably mounted on the endwall of the
chamber. In order to maintain a vacuum tight seal between the mounting flange
42 and the chamber 10, an O-ring seal 44 fits within a groove in the endwall of
the chamber 10 and an RF shielding member 46 surrounds the vacuum seal.
Due to the large vacuum force provided by the vacuum pump, it is not

30  necessary to utilize fasteners for attaching the mounting flange 42 to the

chamber 10. Instead, the mounting flange 42 can simply rest on the endwall of
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Wth respect to serviceability, conventional chamber designs do not
al | ow easywfemggat 0 vari ous conponents of the chanber thus PE‘?‘%y%ﬂ)gza

| abor 20 i ntensive and time consum ng process for servicing or
repl acenent of the chanber conponents. According to the invention,
t he pl asma generating _source, t he, substrate support and/or the vacuum

punpi ng ar r atifehamber dR- JEdptived; thg mounting flange dd arrappthenpatiofitber for easy .

servicing th { : ' - . t hamber . or ,repl acenment
of ' such Sonpbrsfia diherdihf Saireo dsHby LIPH hinged 1 (1 RPRE 10 Shotl L

W nt er change pl ace
Wt h respect theoplasna gemdratinghgpufdecoantbd pivyted tdhan priefRtibn isBME A QBrtRh] OWs a
manuf act urer qQf vacuym prqcessi ng equipnment to produce a universal chanber

for a wide rgHguaHop %Fpgérvd?'"éflafc&?io(@.od?f,lh%?b"ﬁ'?b‘ﬂfel@psi tion, etc.),
TRLeT! 50, o RS e T £ ol
particul ar umihidy is atmohablpsnppurtediby = miodeldr mounting @frafyeninf fronf asubstrate
si zes such as, 150 t 0 .. In this way the _
7. “Gigevall 42(?% él?e chamber 0. hI‘he substrate support 70 is at one end of a
ener gy sour oo PRI 80 BRAHIEATh ¥ Ghalth¥: fuffbh Xud WE T TR PRle 3 ©
particul ar apyHpousuppoTt atm asseenbiy 70/80xah behambesd from the chainbed By i N cont r ast
to a rretlBod &]Jc.ssmn%n u]; ggsteumrbll? gnr%]&r gr; gpénri]nGg %‘ txrll {h% ssi eS“Eaellrrc])t! t?)e chamber, as .
shown in FIG. 2. The substrate support can include a chucking apparatus such
asa mechanical ring clamp 72 and an RF biasing electrode 74 located in a
central portion of the chamber below diclectric window 50. Alternatively, the
chucking apparatus can comprise any suitable arrangement such as an
15 eiectrostatic'monopolar chuck of an electrically conductive material such as
aluminum containing watcf cooling channels and groﬁnded to a portion of the
chamber or a multipolar chuck having electrically conductive electrodes covered
with a layer of insulating material such as alumina.
| The chucking arrangement according to the invention can be used in a
20  plasma or non-plasma environment. Thus, while a specific embodiment of the
invention is described below with reference to a chuck used to hold a
semiconductor substrate in a plasma environment, the substrate support assembly
according to the invention can be used in other process chambers. Further, the
chucking arrangement can incorporate (1) a mechanical clamp, (2) a monopolar
25  ESC or a bipolar, multi-polar or flux-line ESC for holding semiconductor wafers
or dielectric substrates in a plasma, non-plasma, vacuum or non-vacuum
environment or (3) a monopolar ESC for holding dielectric substrates, such as
glass panels used in making flat pancl displays, in a plasma environment
wherein the plasma is not used to supply ions to the substrate surface for

- 30 purposes of clamping but rather, the plasma completes an electrical circuit

between the monopolar ESC and a grounded surface such as part of the wall of
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manuf actured specifically for the intended application, desired substrate
size, 5 weIrMesk2substrate support,  etc. Thus, |ead tines POIUSHTON32t O
delivery may be cut down consi derably and changes in orders or
cancel l ati ons can be nore readi | y accommodat ed. Wth

t toth Wl D L ' S - b
tred w th noecal phicsinl dnter WHRAE didor HEESEIprinlE] DRadrde gas | P°

10 process 6osithgast the aabsiraed, ahe sbstratedrpobe tamperatitesanntivlied by wiwateer sal
chanber housi ng, can be retrofitted with different conponents to carry
out a differ ef@oled portion @fcthe substiatey $1PPRTio S SUBSate PUMOTSEMhIVELR si zes
and/or utilize, Lf.fer Y i anber
housi ng i ncl u?ecgdn%gi:f%’t ?‘ﬁgk c“°““%1§¢%§§eﬂ%ﬁ? 2“?%3%:hora‘:lﬁgglggégfglﬁg#eca&p

I nt er f acespor kshstraraohbeodlamped:h 15 accomodat es a variety of

I nt erchangeabl e conponents. Such "nodul arity” . greatly reduces the
down time for. servifdl exameRic pbacantileysrg cb?ﬁy’@f’ﬁ%mhlé(r’_.“ aegergance withthe,q o

nodul e (e.qg., : -QV - S e. : K : c.)
can be desi gn‘erg}gﬁ{') & ‘ﬁ'g’un rgd %dLﬁg@?ﬁﬁﬁg@hﬁxgaﬁ}iﬁ%ﬁ%sgrg%gﬁﬁﬁgnﬂ{?he.
chanber. supflost frmi 80 iafid demoburttihgt flangs ®0a Thedmbentingaflarhedaciadés gonform to

t he standardi zed 20 Interface port, it i.s possible to accommpdate the :
nmodul e wi th agafios 9% whishdits within opeging d ip sidelyall igqef| the paoese chambiiar di zed

| nterfacqgpor i, the embodiment sho?ﬁ? _ohg\sg&'to%% sgalggen R\ Rnstan otBr Sdrfltte

chanber for processing em conduct or strates 'such as sem tconduct or
waf ers, flat pAdel subsgatkaypport 70 andlastapposite, endtaf. thd lsepporghed fains the achi eved
in part by providing a_ |large outl et (ﬁS . port in an endwal | . such as in the.
bott om of  t he PERIR °%H’éi’“ﬂ%%ﬁ?‘?ﬁj? o This armangepert,cap dake Yasiaus TS support

arm whi ch proyjdes Mopk ﬁ?le%@%lja Géhebéln Ssubstrate sgi)wn"t,%g g@@ﬁﬁg ]9 the

asymmetry with respect to gas oW across the expose
substrate. and the flange arddomiedi oy of @ simgle pisge of neteridiorianplerdityof t he

chanber includes an 30 openi nqg i,n the si dewal,l theieof and the substrate
suppor t dwt en8eParsie &g CEIIPIBC attached together to form the cantilever chuck assembly. ‘

The substrate support includes a removable cap having active components such
as an ESC, RF biasing electrode or electrodes, lift pin holes, He backside
cooling gas supply, etc. |
As shown in FIG. 2, the chamber 10 includes a substrate transfer slot 16

20 through which a substrate such as a semiconductor wafer, flat panel, etc., can be
tranéferred in a direction such as a horizontal direction by a suitable transfer
mechanism into and out of the interior 30 of the chamber. The chamber 10 can
include one or more guide pins 18 for positioning and/or guiding the portion 92
of the mounting flange 90 into the opening 14. As shown in FIG. 3, the

25  mounting flange 90 .can include guide pin bores 94 for receiving the guide pins
18. In the embodiment shown, the interior 30 of the chamber 10 includes a
cylindrical sidewall surface 32 and an annular bottom surface 34 surrounding the
outlet port 20. The portion 92 of the mounting ﬂange 90 includes a curved
surface 96 having edges 98 which lie along edges of the opening 14 in the

30.  cylindrical surface 32 when the mounting flange 90 is mounted onto the exterior

of the chamber 10. Support arm 80 includes an outer periphery offset vertically
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opem ng so as to be renovably nounted in the interior of the chanber. Such.

WO 97/47022 -8 - PP RSHA72
PCT/ US97/ 09032 nounting arrangenent allows easy servicing of “the
substrate support since the substrate support can be entirely reﬂnved
fromthe chapber through the openin in the sidewall. Prior to the
i nventi on, ngdgcéBPRfé’hﬁ‘f"@?ﬁp sHatcisypport 70. Theisyppert ermB®ort on t he

bot t om wal | Q%RBH@ HEAGHHTAERR v@%ﬁmm%r% %f&neec%mqé%ﬂﬁ.%ﬁ HAs
y

evacuated b e or nobre vacuum punps connecte
t he si dewal |therouter pch‘phaweof thé stbiserateatuppont of loched dinearddir osurcr@mndnaa t he

substrate su h arr enent oyi de | ess than ideal evacuat i on of

t he fﬁg’%ﬁ? 3§n§"§ g"egW‘@ané &d ‘I{’ﬁé“’éfﬂﬁ%t PH’P'@gé%RE'ﬁb‘&St 1403ref | cgl t and -
tinme = Tololelf ing to

t he pr essent | nf\;%gé?tl?gﬂ)&& % an angle of gyﬁ%%?ﬁ%? rs%rln&cgo E%t‘%? pl asma

processi ng sthepeortsancH2 agfmed:m the opemng 14ddmaaﬁng)surfarce.«sbsthesﬁdrt|6@I9Bg etc.
10 having an inductively

Coupl ot pl acitd SEAFELOENIGR GRETiTe, FPEIEE agiemdrft. 1n ordey IsmaeD mas | &
Gas i ot i DUy au FAESEA IR RE RN Rt 30\ HPBAE 100 m OVl
gnd a nNeg seain®P 9 sewmimmdotted lines) ban bmpmvn@d cﬁ‘sﬂumlf tht portédinoD e 2y
sui tabl To V256t within a groove 19 on an exterior of the chamber 10 surroundlng the
opening 14. Further, in order to minimize differences in ground potential |
between the chamber housing and the substrate support assembly, an RF
shielding member surrounds the vacuum seal.
- FIG. 4 shows the substratc support mounted within the interior 30 of the
15 chamber 10. The mounting flange 90 can be removably attached to an exterior
of the chamber 10 by suitable fasteners such as bolts but such fasteners can be
omitted since the vacuum provided by the vacuum pump adequately seals the
mounting flange to the exterior of the chamber. A service conduit passage 91 is
provided in the mounting flange 90 for passage of service conduits 82-86
20 (herethrough. Service conduits 83 and 84 can be connected to an external
chiller whereby temperature controlling liquid can be passed through the
substrate support for maintaining the temperature thereof at a desired level
during processing of a substrate. Service conduit 84 can be used for supplying
a temperature control gas to the backside of the substrate. For instance, conduit
25 84 could be used to carry pressurized helium gas supplied beneath the substrate
through lift pin holes 76. Service conduit 85 can supply pressurized gas to a
pneumatic actuator of a lift pin mecha'mism (not shown) in the substrate support.
Service conduit 86 can be used to provide RF power to the RF biasing electrode
74. Of course, other service conduits can also be provided for various functions
30 such as monitoring temperature of the substrate support or pressure of the

backside cooling gas, supplying nitrogen or clean dry air ("CDA") to keep
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punp apparatus supported by a modul ar nounting arrangement connected to a
| ar ge out | e{ygpend7oR0 i n an endwal | such as the bottom of proa&syusémstmr
The vacuum processi ng chanber can be supplied RF power through an
external RF 20 antenna such as a planar coil 40 outside a dielectric

v 0 01 SRRt A Syl DR cERgBIGH

generati ng eqwfpn@mbs&u@muggoﬁhat of -an ECR reactor, parallel plate
reactor, helicon reactor elical resonator, etc. The plasma

generating source iEGH tlaf’cshmvmaaamnﬁrﬁmhmnﬁuwlgsumfemﬁowmdas an

25 annul ar nting flan whi,ch re I on t he. endwal |

of the TRt e mAiiGe Hantl' o hnitInd SIPRRR sttt Fhr Helsvebciofoon t he
mount i ng fd anggrge substraﬂe% ﬁﬁﬁie thaa oneabpsrt ifin cﬁﬁb@p?d)ﬂﬁecﬁeﬂbn&ﬂ%fﬂei\ﬁeém thin
a groove in the endmal of t he chanber 10 and an RF shi el di ng nenber

46-surrounds tthe substratgniuppent and the mopping HargecQ. alnysuchanembedimeat, ghovi ded

2t acni ng ¢ ho MEUREroHT shdlee Fnoy ey B8 sl wiloRE BB GRS 71 .
rrgunt ing fl a\r/l\bﬁ,é:%\/&zeglgg Zgaﬂmhyl suppért @fmtorarmediibe cdbipled 1o a single mountmg

PCT/ US97/ 0903 Flange, the substrate suppaiatillretainstthe senvesience 196 bmmaisﬂug fl ange 42

(r)“r ngggt P glr YEW§H%J Pt ssrvgceéﬁxl{?%at?&?mﬂ@n & I%Erloﬂgmﬁo Yiltthe in eor}rgeryto pr Oui

RF current return circuit symmetry, one or more electncally conductwe arms
can be provided in the chamber in a manner such that the RF current generatcd
in the substrate support 70 can be grounded to the sidewall 32 by one or more
arms extending between the sidewall 32 and the substrate support 70. Such an

15 additional arm or arms could extend inwardly from the sidewall 32 and engage
the substrate support 70 when the substrate assembly is inserted through the
opening in the sidewall. Alternatively, the substrate support 70 could include
one or more arms extending therefrom for engagement with the sidewall 32
when the substrate support assembly is inserted in the opening 14. Since these

20  arms merely provide a symmetrical ground path, and no service conduits, they
likewise do not affect the "plug-in" nature of the substrate support.

The chamber 10 shown in FIG. 1 includes a plasma generating device in
the form of a five turn planar coil which transmits RF energy through dielectric
window 50. In order to supply process gas to the interior of a chamber, a gas

25  distribution plate 52 is provided adjacent dielectric shield 50. Also, the
arrangement éhown in FIG. 1 includes a conical liner 54 extending from gas
distribution plate 52 and surrounding the substrate support 70. The liner 54 is
temperature controlled by one or more members 56 which can include resistance
heaters, fluid passages, etc., for controlling the temperature of the liner 54

30  during processing of substrates. In order to prevent coupling of RF energy into

the liner 54 or into member 56, the outer periphery of the antenna 40 is
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t he plasma generating source can be pivoted to an orientation such as.a

vertical woos708si entation for servicing the interior 30 opciigendvasher - E
10. - 5 A substrate 60 is supported within the chanber on & :

substrate support 70 which is renovably supported by a nodul ar

nounting arrangenent from ) sidewal | 12 of_the chanber 10. The
substrate s Sfi‘thY?U“’fa!&é(t‘?fcfhE R sB‘ffa"&\AOBfJ liner 345 Hsogas distppwermplait ed in a
cantil ever f@shi £ Rdihg- Sk.fe : as upport
arm assenbl y 707 BOoE HEOR B IF RRhE Br s b A Bpics ot sPkE R ec P E S
assenbl y t hrdielgttriarwiogewi Sgantidgas rdisthibutsondphatel $2. oHowierers blath 82 could be

shown in FIG 2. The substrate ort ¢ I ncl ude hucki ng appar at us
such | Amifledand greeest 7Y sy PS sppped hy olisy a8 rink ApeRstmnde 74

| ocat ed 4 N Fayrther, thé Mt er RALLHIRE afthngeifont Q@amh%b@kmn%ﬁt&.c&{n' ke W ndow
50. Alternatively, the chucki ng apparatus can conprise any suitable
arrangenent wsed withsargnvachum proeessingthainber desigmool ar chuck of an

el ectrically conductiye material su as . .alum nym cont ai pi ng wat er
cool i ng chaxnel s ‘g e (RJU L afR?CbOﬁ@ﬁlP&?Ptm E'H%POSSI;H" “&ﬁ%{‘ﬁﬂ’é’r"' %"? a
mul tipol ar Ghugke h@yﬁxagn@g@ﬁ&m@agduvcec&mﬁ% 'p?’éﬁ%ﬁl g;e%fagﬂséo&emﬁ%grhe

with a layer of insulating material such as a n

chucki ng ar mremgeatdy tattackedrtdithe) chanbdrebyi nmodniap masating arrasgesnent. Fof0

pl asma g(L nan- IasH% enyi.ronnent. Thus thI e a sgeci fic enbodinent of the
i nvent i Bh i SNYRASEr M5 RORURLIORPHGS AERIEERITOL 4, SUPPRTE VKOS B®SS 6T hol d “a

sem conduct Qfjaghibsdretltihg! ddurteR!sASHTEs SNMIEREIES a phrafeShiaR diGiRas uPPOr t
assenbly according to the invention can be used in other process
chanbers. Furtangementhan inductiveljwokplag plasmarsgureena helicon stuneepartedieal( 1) a

hani cal cl 2 lar 25 ESC bj.polar, mylti-pol
{1 i1 no. ESeePRiors ) BCRGVOR0 cDHRARes Pl herathg sairee i ci 1 o

substrates iAgccardih@$6a, préfefied leabBBIimehRCHY rﬂ@fnargmex\aﬁﬁg WBurce compfiles 4 onment
or (3) a nonopolar ESC for holding dielectric substrates, such as

gl ass phnel Plansecoilsuplmis agmpltiturn spinall codli exerigrdo o dielgcpicavindowwith ennent
wherein the o33P dsillobubiSie flaledodtBR biiow iR difledle WiHESH qng Surface for
modular mounting arrangement thus allows the same chamber design to be
customized for a particular processing regime such as etching oxide, polysilicon,
metal, etc., deposition such as dielectric {ilms, etc., photoresist stripping, etc.

20  The modular mounting arrangement can comprise a mounting flange such as is
shown in FIG. 1. However, the window 50 or a plate of the plasma generating
source assembly could be mounted directly on the endwall of the chamber 10 in
which case the mounting arrangement would include an O-ring, a groove
feceiving the O-ring and a sealing surface facing the groove with the O-ring

25  therebetween.

In the case where an antenna is used as the plasma generating source, the
modular mounting arrangement for the plasma generating source allows different
antenna designs to be used for generating plasma in the chamber 10. Also, in
order to achieve a desired spacing between the substrate to be processed and the

30  antenna, the plasma generating source can be of a reentrant type wherein the

window and antenna are slidable axially into the interior 30 of thc chamber.

- 14 -



30 , purposes of clanping but rather, the plasma conpletes an el ectri cal

circuit °  wo¥gd7reen the nonopol ar ESC and a grounded surfacmwsévmeazpart o
of the wall of - 10- WO
97/ 47022

PCT/ US97/ 0903 hanb
ESC provi-des &t’aemgtla@r Aontng SmgBRR ¥ sh pRERY deherating SO A rlovh o
may be tenper gfi#ERnC J!;We@& hﬁﬂn%&’ne%t@"’al?&*mstance theOproBéks Ak bh%e%plsm

substrate support. e substr support can have a rectangul ar,
square, circultbrough acgdherhstshlapm lslaﬁetWDhe\bﬂmplateaiﬁﬁhﬁert meFlark.i cul ar 5

substrate to bg, cl anp of, a cantilevered chuck
assenbly in a Eﬁ’ﬁ%fh(?gv PG Rrocts 8as COUkﬁFﬁ/ Fgéu%ly t%%o‘\ﬂ?“g?{“ﬂtﬁs“%‘ She
assenbly iqcl %@%r%n&%bﬁgﬁ%@m%@?ﬂ%hty Qf ofltlets thereif YBPAiréctivEth Provess a
nmounting flange 90. The mounting flange includes a portion 92 which

fits within ogarimgardly into ﬁ"tedspm betw2en tthe $ubsigato @pd she bty 40.10  I1n the

nbodi ment shown, t 80..j oi. t .
of the substrate suuporing g antifesABRa st B Matute i BSBeBls  abRo: s
the portdrqeptaee mfe mauﬁthllml;ﬁ.h fzehfism oY SvaphdBipA8ERAAMBA sihc e

various forns as a one piece arran?ement wherein the substrate.
support, the suplpuntpuammg mechan@m cambemraﬂg@ m@achgd it theoghandfer &ysi ngl e

pi ece of erla 19 lurallt b? i tg‘g B S S a0 De attached
t oget her FHemey 't%'t?é\g UIOANSy “mBi1ar molfting

arrangemcnt can support various types of vacuum pumping mechanisms such as
a high capacity magnetically levitated turbomolecular pump having a pumping
capacity of 1000 to 3000 liters/second. A preferred vacuum pump is a hybrid
tﬁrbomolecular/drag pump having a turbomolecular pump in a front section and

15 a molecular drag pump in a rear section thereof. Such hybrid pumps are
available from OSAKA Vacuum and Seiko Seiki, both of Japan. Depending on
the process carried out in the chamber, other types of pumps such as a - -
mechanical pump, a cryogenic pump, diffusion pump, etc., could be mounted on

~ the modular mounting arrangement.

20 < FIGS. 5-8 show various features of a suitable modular mounting
arrangement for a vacuum pump 100. The interior 30 of the chamber 10 is
isolated from the vacuum pump by a suitable gate valve 110. The gate valve
110 is mounted on the chamber 10 by a suitable modular mounting arrangement
and the vacuum pump 100 is mounted on the gate valve 110 by another suitable

25  modular mounting arrangement. As shown in FIG. 5, the upper endwall of the
chamber 10 includes two recessed surfaces which provides a vacuum sealing
interface for engagement with the platsma generating source assembly. For
instance, the outer recessed surface 58 includes a groove and an O-ring which
engages a sealing surface of the window 50 and the inner recessed surface 59

30  includes a groove and an O-ring for engaging a sealing surface on the gas

distribution plate 52.
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The substrate support includes a renovable cap having active conponents

such wo973%028SC, RF biasing el ectrode or el ectrodes, | E,Ekhfyg%ﬁg%;es,
He backsi de cool ing gas supply, etc. As shown 1T n-Fl G

2, the chanber 10 includes a substrate transfer slot 16 20 through which
a substrate such as a semiconductor wafer, flat panel, etc., can be
transferred in a b sbewndhFiGch the sebstite suppers(70dinelades awatey caokedi t abl e

' i t-of the interi 30. t chanber .
The. chanber lepERE ek 120 feriVapyingBhich 88 o fioght Bonsingd 220 Migoer t  oni ng
and/ or gui disagvitd'pafdfd 9 DBofdining scrvied cohtRtBAH3 Bt oA Hpehs b Ant he

opening 14. As shown in FIG_ 3, the 25 mount | ngrflange 90 can 1 ncl ude
gui de pi n bcPes space dafinedwithin Ake suppogioysingil32. The mourtihg flangetRd

nbodi t ' Lar fthe chamber 10 i.ncl udes; a,
oyl i ndr el 3 ppbi SN foran el o SOREY B scafing)) el Vish the
sur roundi ng support housing 402 lieta spitilile 28hnndiNeuch @k tlyO N péénafbntl Bshd @Y | Ng

?

flange 90 includes a curved . surface 96 havihg edges 98 which lie
al ong edges ld¢ baze, 56y gE by mmgchanipal fagieners in whighicess as G-finge 32 when t he

mounting fl : ' e h xéri r.. _ogf the chanber 10.
‘Support ar masg%%}n%gpgZ‘ggrﬂlggﬁlgtaf@%g@?’Fgﬁrgr_l I%B:@%%f" B‘HF{‘_@&{P?XFS ctween o
97/ 47022 opposed surfaces of the support arm 80 and the support housing 122. '
PCT/ US97/ 09032 fromthe support surface of the substrate

suppor t1%70. The SfydeR togmpnitay process parametess; MvEtos more askidiary pems support 70
ey ST 4 0SB g oy bR oo
” a Langmuir probe, a bypass valve, a manometer, plasma diagnostics, laser
measurement equipment, etc. Such auxiliary ports are useful for chambers used
for research and development but some or all of the ports can be omitted in a
15 chamber used in a production environment.
In order to supply the gas distribution plate 52 with gas to be introduced
into the space between the substrate 60 and the gas distribution plate 52, the
endwall of the chamber 10 can include one or more gas supply ports 150,152
which are adapted for connection to suitable gas supplies. The ports 150,152
20  allow gas to be supplied to a gap between the window 50 and the gas
distribution plate 52,
The chamber 10 can include support brackets 160,162 for supporting the
chamber on a support frame (not shown). If desired, such a frame can include a
first section Supporting the chamber 10 and separate nesting section supporting
25  the vacuum pump 100. Such an arrangement allows the vacuum pump 100 to
be retracted away from thc chamber 10, thus allowing servicing of the vacuum
pump or replacement of the pump with another pump on another nesting frame
section. '
The gate valve 110 and vacuum pump 100 are attached to the chamber

30 10 in the same manner as the plasma generating source assembly and the

substrate support assembly using a common vacuum scaling interface
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surface 32. Further, the portion 92 and the surfaces form ng opening 14 are
5 pref er aflog/efdpey ed at an angl e of no greater than 15[ err]pCrEUse7/09032
2-10[err]. Thus, when the portion 92 is fitted in the opening 14,
the mating surfaces of the portion 92 and surfaces defining

opening 14 provide a tapered fit. In order to pai vacuum
tight seal be EABBHSIPE @t ﬁ‘i?ﬁ‘n?‘?"ﬂe 0% RISV 'é"ﬁﬁ“’t"rgethE%ﬁ’Bgranfc? seyfing)

ring seal o8 éé#? rkéhrfggéheetstri r}ﬁﬁ)m@ oBR. ERUhdGtea iR VRReAqpt i On 92

SO as In ag oove on an exterior of the chanber 10
sur r oundi ng thm mclude apathnmnfrbgltachFaerWme bolts) oderach sidei ofi the ze

di ff ti t A ' d
the subst r at e BB or Becding (e eae vaive 1105 Wedmier T SHE A ER AR N
the vacuum Se?#ng and RF shxcldm%membef h@reb@t\ﬁé?:ﬂ"‘q:&%gﬁﬂkﬁ TE%Sse%Uﬂﬁo”

mounted within tThe interior he 15  chanber e nmounting flange
90 can be renwuahiny pampaldifechnte attached émeqﬂy to the chamb&rfl(l tnetocﬂhargamr 10 by
suitabl e fasteners such as bolts but t ener.s, can mtted
S nea i he vaoaNEHIDVRRER GorteRE DR SIroIn # T AEe oF She popierng og figs intd

mounting fl an%uhg rta@ﬁsé%&h tp?@:EedOJurfaB@s Gﬂ“ﬁﬁ%&uurﬁpﬁﬁf Varfethe QR divPss sage

91 is I n e nounting flange 90 for passage of service
conduits 82- 86hambé]'0 If the ptmcsstthrlmuqhd ns@rmhﬁmb@odd@a not 8Guishtbw84 can be

t t t b troll
a0t cahd bo RIS CEGEryasHg FoRc20 Sah be Sl FHE oo SRR SR FrfeRiteRt o i ng

the tenperatupgy tﬂh’l@élﬁf?ﬂbe@tcaﬁ b@%&lﬁﬁﬂ'leheh‘{@ desired pressur@%&'d“ﬂleﬂidﬁ?&? ghﬂﬁl of a
substrate. Service conduit 84 can be used for supplying :

tenperature catiachetl tgag auiliane pbaiskel depott 1dfhdn shebsidewald of B cliambeance,

beneat h the. subst r afes sebstate Sipgbfs £ Y pivuR hupE enatabersl dRodtBaLi |

85 can supply oBrRS sypel &feﬁbmewgaﬂat Fanel dlspla‘?r‘s‘ﬁﬁ’%@été CsepfiboiRfullor Mafér, | i ft
pin mechani sm (not 'shown) in the substrate support. Service

condui t 86 cawmtc thessize 06 ther swbpitte K-gp 0B 6Q9 nhegkes Siﬂ&%ﬁg%ﬁe&pr dde
74. O t h dui t i d
(uncti one.© “igfh WlseiE) R i BPPesy to 2R afelnd o s thetes. AhenfBliog o

or pressure Ofontth€ process, it may be desirable to use a mechanical clamp, an ESC or omit

clamping. Also, the process may require different degrees of cooling or heating
_ of the substrate. Further, in multistep processes wherein the position of the
20  substrate is changed, the substrate support or plasma generating source may
include a telescoping mechanism to adjust the position. of the substrate support
relative to a plasma generating source (e.g., 11 cm gap for metal etching, 8 cm
gap for oxide etching, etc.). Also, the substrate support may include a pin lift
arrangement such as a pneumatic or cable driven pin lift mechanism wherein lift
- 25  pins are mounted on a lifter plate or are individually driven by cable assemblies.
For larger substrates (c.g., 300 mm wafers and glass panels the pin lift
mechanism can utilize a three lift pin arrangement wherein the lift pins are
located on a circle and spaced 120° apart, the lift pins being independent of
“each other and individually driven by a cable assembly as disclosed in
30  commonly owned U.S. patent application Serial No. 08/623,880, the disclosure

of which is hereby incorporated by reference.
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backsi de cooling gas, supplying nitrogen or clean dry air ("CDA") to keep B

- 12 - ' 7/ 47022 - :
PCT/ US97/ O&?SDZWO% noi sture out of the service via, and/P(S:rT’%s(%’gm}an

el ectrical power to conponents of the substrate support.
FIGS. 1-4 show an_arrangenent wherein a single support arm 80 extends
bet ween the nount FAYSIME PERCCSTS ot dnayHee dasirable 40 corngopamieciigniciquemer , f or

5 | ar ge sups . .0ne .S or m can .be provi ded extendi ng
bet ween b %.!Lgﬁ)ggxgrg{? arf‘ lent g’%&ﬁ%r d"a‘#glgf ﬁﬁ”ﬁﬁ%f‘?’ﬁgﬂ%‘?f?ﬁge vagrumn |l|‘“_§uch an
embodi ment, {sheh as a 3/4 FPAYS irfdASHie) BEEId TR AOhREISPRIMIXi FaryBbrtPRI4%t 1 | but ed
anong the plural arns. Because the additional support armor arns

wi || be coupP&mping dowyi thel chambeni @ peior to activiting the, vachemspingt 100.e Adsppor t

still retaing i) veni enc . being easily 10 . renoved for

ser vi ceagi | i ﬁyrﬁﬂf?%@?%ﬁ%h 9’ %’rbge;“g%r%f'%fﬁ"ﬁ‘&l ¥|5Wt'ﬁé1]f‘cei9f tg‘?’ JBTYYUR provi de
RF current rpﬁmgnﬂoiiﬁﬁkﬁibh SYTitadle VABRIR linBRbAneLiSRs £4rChE hyedcepduct i ve
ar s ' can be _provided in the chanber in a nmanner such that the RF

current genefnegting the injel (¢-Be 4sinefs inle) of theppeshanizal pump be ther gaiedratvct 0 t he

sidewal I 32 . r ex di ng between the sidewall 32 and
t hé substrat gy"sﬁgg‘é‘?‘{”%. tﬁgd%rﬁe%‘rﬁa%%gg’ pogé ‘tional armor arns could extend

i nwardly from t heFEG.0®¢RdWs @2ndiiuthre)gbathCeenerating lsBrcs UNOIWIREE cat/BPOrt 70
when the substrate_ _assenbly is inserted throu ﬁ t he

10 used for isotropic etching an oxidec layer. The Igasma generating source 170 - .
includes_ a pair of opposed curved rectangular electrodes 172,174 fitted against
the exterior of a diclectric cylinder 176. Process gas is introduced into the
cylinder 176 and encrgizéd into a plasma state by RF energy supplied to the
electrodes 172,174. The cylinder can be removably attached to a funnel 178

15  supported on plate 180. Thus, plasma created upstream of chamber 10 can be
supplied through flow passage 186. The plate 180 is removably attached in a
vacuum sealing manner to the upper endwall of the chamber 10. For example,
O-ring 182 and surrounding RF shielding member 184 are located between
opposed surfaces of the plate 180 and the chamber 10. Likewise, to seal the

20  other components, O-ring and RF gaskets are located between one end of the
funnel 178 and plate 180 and between the other end of the funnel 178 and the
cylinder 176. Due to the intense plasma created between electrodes 172,174 the
inner surface of the cylinder 176 becomes eroded by the plasma and the
removably mounted cylinder 176 can be periodically replaced.

25 | The chamber is preferably isolated from the vacuum pumping
arrangement by a gate valve. The gate valve can be attached to the modular
mounting arrangement for the vacuum pump or it can be atiached directly to the
chamber. In a preferred embodiment, the gate valve comprises a plate which
moves from an open position away from the chamber to a closed position

30 wherein the plate sealingly engages the chamber. A suitable gate valve of this

type is available from VAT, a Swiss company.
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opening in the sidewall. Alternatively, the substrate support 70 could
include * \wo9h@@s more arns extending therefrom for engagepentusyiibdost he

si dewal | 32 when the substrate support assenbly is inserted in the
opening 14. Since these 20 arms nerely provide a symetrical ground path,
and no service conduits, i kewi se_do not affect_the "plu

nature of the substfggosd @gﬁg@rfprther aSP"‘:t “of the inveptomn i iRAssibls Wgﬁ FI G
1 includes a p&raréﬂﬁcgﬁr]ﬁ{eﬁﬂ g% KGMIbEE FOr instance mﬁxeihgrdﬂhﬂﬁaelaoﬁénvﬁ i ur n

pl anar coil ransm energy through dielectric 50.
In order to smk:}alepuoosiﬂe&\ lges of prodess casﬂ:patibdn maferal tiramgiean aecegsapoﬂS

o Pangenentshmoe hepbe? b haF inEhg Bl fw%;e!tf%%@b%ias@%%%n%?ﬂ@ Pt B gas
di stributign pzltakﬁmg% B T el N h?hénbatcraatlsd BUPRALbIE Gpenf) | | ner
54 is t enperature contr ol y one or nore nenbers 56 can

i ncl ude resi stwhich align wittheaiaissopehings éh fhiexhagiber. Atcordinfgan ‘x:pnefamidl ing the

tenperature of the_|liner, 54 3Q during processing of substrates. |In order
to prevent coupnbedimgnt. ﬂp]é‘?‘r’ér‘ﬁﬁul?md on pegsgrhg\chﬁgybeganqs)helpdpcp lagender 56,

the outer per 'tﬂe\%ﬂ%dy? J%Q@ntﬁ:@tmgeﬁgnt' for the plasma generating source. The liner

- 13 -

PCT/ US97/ 09032mater1a1 can (pnm;brmeednb/yvacumraddlpr thocbk\secompmrblesmafemabsm ig mer
54. The gas distributio | at e uesthrouhhole for passin
orocess i3 gl Gty Shabugabe dietegiitmatetal € quart, Samira, Homifln ! "9

nitride, etc.), a coated material (e.g., anodized aluminum), etc. In the case of a

metal liner, it may float electrically or it may be grounded. Further, the liner
can include a temperature control mechanism such as one or more passages for
flow of a température control fluid, one or more heaters such as one or more
" 15 resistance heating elements, etc.
The chamber design permits high flow of process gas while maintaining
a desired pressure in the chamber. Such high flow is achieved due to the
chamber wall mounted cantilever chuck design which allows substantially
symmetrical gas flow through the chamber and frees up space on a wall of the
20  chamber opposite to a wall on which the plasma generating source is located.
As such, a large vacuum port can be provided having a cross-sectional area
greater than the cross-sectional area of the substrate support.
According to a preferred embodiment of the invention, the substrate
support is held at or near the center of a circular vacuum chamber by one or
25  more support arms extending from a sidewall of the chamber. The suppori arm
preferably is attached to a sidewall of the substrate support and has a smaller
cross-section than the support surface of the substrate support in order to
minimize non-uniform gas flow through the chamber, i.c., disruption to uniform
flow of gases to a vacuum port located in an endwall of the chamber. To
30  achieve optimum flow, the flow area between the substrate holder and the inner

surface of the sidewall of the chamber is preferably at least approximately 0.3
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di el ectric w ndow 50 and gas distribution plate 52. However, plate 52 could

be =~ omdérgomnd process gas coul d be supplied by other di ng
arrangenments. 5 Further, the cantil ever chucking arrangen@%taﬁg%’?@??ﬁng to
t he i nvention can be used with any vacuum processing chanber design.

According to.one asrgect of the invention | S possible to assenble or

It
repl ace the PPSEFROTGATEeRbIePRIBUMAtelK iah least (13 timlessaed esepmfdralgysour ce can

b i dul ti
arrangerront TEor g MRS oF ehcdfs WRNNE LrotsRelthal i LM biiutean

support var ilteldertandés vatuum port. (Farsnstageneciding 16 6HE EABoSiTRAt 8Pt
el ectrode of. a l_Ear al,l elj]%‘el ate el ectrode arrangenent, an inductively

coupl ed pl asfE S8 the flow agaa; cap besh g ¢ dimes the crassrsectional areaobttat or, an ECR
source, 2N LRGSR TGRS "RIBENR St r According to a
preferred enbodi rrentl],&; t he pl asmﬁggﬁgggﬁén%%srﬁe&@ge@owp? SURpaLt gmn ) anar
coi | such aslesesuiiorthe planesyfithabxmosed substrate sarfate® istspated Mﬁétﬁ:aw Rgow wi th
an opt,it-(féla%{ I%basﬁﬁ(lji stributio §I ﬁt e located bel ow the dieléci¥ic

wi ndow. The? GRre rhigast, 12 thyethisknessafdhe sipnest amme same chanber
design to be In the' ShRBZLehbkRhted ' iRhogesSi ng regi e such as

et chi ng -oxi-de,- polysi | i....sc.on, _ __Ete%ﬁgtfrgr%ﬂ (?aé 'r%éﬁgglfqngﬂc@h&??%s‘he

di el ectric fMaP#ym periccan qemprise @dage apieningsudly as @t10. indlP 10 1 F& jxodul ar

nount i arr nt._can c rise a.nmounting flange such as is shown
nEay ,\Nevg"re‘,’Pet“Hég.\s/ﬁ“?F% & fuifgbly, sized gate salven cThs suppartgemeisat i ng

sour ce asseBhipedcind sizddeoRinithd Hﬁﬁé e |l of .the chanber 10
in - 'V\h'i“chpecase ‘the nmounting I{'}r ange nﬁ?et\%urén?%@@f'ﬁ%é’ 43 ring, a
groove SupRQrbpRm gan hae Ddiameteraf® o 3 émhengr & wiohaweukrShpldrt A, 9r oove

with the Orj 2 her ebet ween. In the case where an
antenna i s ﬂ{éé;ga‘(hgn PR%’“BIoég?fﬁa'ffé‘i}’érsal’?%%ﬁ%é?vq peross-sectionpyichr nount i ng
arrangenent vasiés from DlaisHcies ehadthng source all ows different ant enna

designs to be used for generating plasma in the chanber 10. Al so, in
order tid achi eve Thenasylapgap betvienny throinnersurface of dissidewal] bpwee processed

and t he chamber and the outer periphery of the substrate support preferably has a cross-

sectional area exceeding that of the wafer and/or vacuum port. For example, in
the case of an 8 inch wafer, the substrate support can have a total diameter of
12 inches and the chamber can have a diameter of 18 inches. In such a case,
20 the 3 inch wide flow area between the chamber sidewall and the substrate
support provides an annular flow passage having a cross-sectional flow area of
about 140 square inches compared to the substrate holder which has a cross-
sectional area of about 110 square inches.
In the case of a 12 inch wafer, if the substrate suppart has a diameter of
25 14 inches and the chamber has .a diameter of 18 inches, the annular flow area
will be smaller in cross-sectional area (about 100 square inches) than the
substrate holder (about 150 square inches). While such a chamber design may
provide desirable gas flow for certain applications, improved high flow at low -
pressure can be achieved by decréasing the size of the substrate support and/or

-30  increasing the size of the chamber, e.g., making the substrate support smaller
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30 , antenna, the plasma generating source can be of a reentrant type
wher ei n t hewo 97/47022M ndow and antenna are slidable axially i nPOTAIS87/09032
interior 30 of the chamber. -
14 - WO 97/ 47022

generati ng sodPebsfuien il 6ot 12 SR MRnEE0 IR el Pz chERuRRBS T

i nstance, the|ggecarh Maargea thadabsuPd ikfles in diamklF.ough a gas distribution
pl ate such ‘as the plate 50 shown in FIG 1. Alternatively, the

process gas coul d Bdesiippiareacbasyean hersubstraih sipperitandsthe yagim port igne or
ore r1ngs havh%qgraﬁ}yg{ag%e?'lih t%eat%ar?kﬂelt e%larrr?ﬁ»%vehﬁaafbg{woc%rtﬁ@% \&afhe process

gas i nwardly P ace Dbetween substrate an he”antenna 40.

Accor di ng 5t 0 gngpdieandeReaherOfidévall surPaetof afe, clidmbcs. oS friskinee,lif tassenbl e
or replace the vacuum pun‘ﬁL&E mechani sm for evacuati ng}{_the chanber since
t he vac shampermyidewal subsratecholdasare eapataied by atx inchavide gnewar chanber

D 8 0 Bl MO ALLANAE TR0 50 nd SRHE ol PSpRARE BRI 10

ar r angenent c&iPxs vVarious types Of vacuum purping nechants such as

a hi gh capaci g,yemﬁgneéideadid ¥ inchies,teag.ed or undre imdhes.ulTaringreage thafiowgarkapunpi ng
capacity_of 1000 to 3000 liters/second. A preferred vacuum pu&p is a hybrid
t ur borol ecul abetyess thespbsteala FpParttana DERWITE PATtathepitter neaipheryr riicsect i on

and 15 g mol Gaul AT A AGRNIR sufpdht FRRkg SR Vabn B GRfbe SUAGd¥Pr 1 d pUMDS

are . _
“tapered and/or the opening in the endwall of the chamber in which the vacuum

| _'p“o_ft is l_ocated can be tounded or tapered.
- With the foregoing relationships, less than 10%, preferably less than 5%,
" and more preferably less than 1%, variation in pressure across the entire
15  ecxposed surface of a substrate such as an 8 inch or 12 inch wafer can be
achieved while maintaining the chamber at a pressure of less than 100 mTorr,
e.g., 1 to 50 mTorr. The pumping speed seen at the substrate surface is -
typically about half (e.g., 1000 ¥sec.) of the pumping speed (e.g., 2000 ¥sec.)
of the vacuum pump. Further, the pressure seen at the substrate surface will
20 depepd on the amount of process gas flowing into the chamber and the ability of
the vacuum pump to withdraw the dissociated gas from the chamber. For
example, if the vacuum pump has a pumping speed of 1000 ¥sec., with 80
sccm process gas flow, when the gas is dissociated into a plasma state the
- volume of the gas essentially doubles and the vacuum pump may only provide a
25  vacuum of about 2 mTorr in the chamber. As some processes utilize 200 to 300
sccm process gas, once dissociated.and doubled in gas volume, the vacuum
pump may only provide a vacuum of about 6 mTorr.
As shown in FIG. 10, the footprint of the vacuum processing apparatus
10 can be reduced by providing an angled sidewall from which the substrate
30  support 70 is supported. For instance, instead of extending in a direction |

perpendicular to the sidewall, the support arm 80 can extend at an anglc
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avai |l abl e from CSAKA Vacuum and Sei ko Sei ki, both of Japan. Dependi ng on
t he proceswomshged out in the chanber, other types of purrp; %H%Dwgg%ﬁ’i
mechani cal punp, a cryogenic punp, di f f usi on punp, etc. couF e nounted .
on t he nodul ar nounting arrangenent. 20 "FI GS. 5-8 show

various features of a suitable mpdul ar nounti ngi - arrangenent for a
vacuum punp EYCF"‘“'I*H% spbtrals ippar 7Orandifeneixeriesllyl erignted sidewall 4d80.at ed from

t he vacuum y I ye 110 is
nmount ed on {Sﬁgﬁ CE dﬁ%eg%%ﬁgéﬁg ullg%s ﬂ{xyreqr‘r’é%iﬁo?ue gethgﬁ%& SWaqféQ‘f‘rent
and t he vacdumrpcmboﬁme chamberarideadlows dcbessgattiee umlrwq)eﬂaéﬁbr Yofapot her

suitable 25 ng dul ar untb g arrangenent. As shown in FIG 5, the upper
endwal | of CAgmoer surrupding the Jupsirate| YRRt wo r ecessed surfaces whi ch

provi dess a vacuuryggelddiivention has Bogf HEHHER T  BARSAIERT erffideltol he pl asma

generating source assenbly. I nst 1€c@ssed surface
58 i ncl udes papfgnrgbvmbammms tﬂeteoﬁgt wili b apparcnt torvpagkilled ifield haghgur f ace of
t he wi ndow 50 .and .t he inner essed surface 59 30 i ncl udes a groove and
an Oring fdAREENES %f‘"slé"ama pfreytaicsl erloypskswithout depemmgrfmuu on
plate 52.  the spirit and scope of the invention. - 15 - Vo
97147022 '

PCT/ US97/ 09032
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As shown in FIG 5, the substrat¢ su AP HEFER s a Ydter |cool ed _
el ect rostat (o ¢iete 120 r enovabl Dmm@domnpageaufotrotpagﬁi& . S07/05032 )
servi ce passage 91 containing se ﬂcﬁmﬁ@mdw pEge8 8 3io(pagdd ER &Rovin) opens into
an open space defined with m@,gwpogggehqg@! 0%a -—-Te nount i ng

flange 90 5 Qﬂq' lssugio!ré sgﬁ Sﬁ Abbap 1N gggag_-l_:._pll ge __________ Is sealingly

engaged with pusing 122 a sulta r such as by
a permanent bond (¢.g. Aunwerswdﬁsmgro?zaevacﬁﬁﬁ ro@éssxlﬂg cﬁﬁﬁlbé‘in' cal fasteners
in which case an Orlng surrounding an RF shi el di ng nmenber are

i nt er posed i ncopaprasihgl grooves bet ween opposed surfaces of the
support arm 80 and

noni t or pr.ocess pa? t&H%’PE%J O[ ] Pl&tj an ?%:ogﬁ)?fl%wglllyd%? thdCde ex en%m

130 132, 184, 1§1§re1a3&ekﬂ0thkﬁc%aﬂqﬂér fRmhdify PsievdR Spbing eiRnbingafirtbupRAE such
a Langnuir probe, a bypass valve, a manoneter, plasma

d| agnostics, $idewall, the srdewaﬁ@pamemvmgmsmemmocbd@mogutmg auangemeny, ports
are useful for chambers research b Bﬁbrient _but sone
or all of the“‘ﬁo“r“?gor&gﬁ’dﬂgc @Hqugdarrqugmfgt e‘%éﬁ%‘é‘fa s tgac & Bfoduct i on
envi ronnent . matm% substrate sdpgoﬁrag@hmpmm y the gas distribution plate 52
with gas to be introduced into the. space between the substrate 60 and
the gas distri butlon pl ate 52, the : endwal | of the chanber 10 can

i ncl ude one or gas.sup ts.150 adapt ed for
connection to swt bl e aig ugl%bﬁgfégusx%gfégqqms l"gt?refgéﬁezﬁﬁm% ‘@Pé%s to be
suppl i ed1po a; §ait &Rh Qi)ctédaﬁ: Relity the fRstntitvall Ode first openfligShdvim/hi on

pl ate 52. 2 W M@ chagvrf\ﬂt?)]er 10 can |r?cl ud’gmsunso?qenbrg:lcké%l 160, 162

for supporti ngpuréremodule mcmmmgeme@uppwably ragtach amawng pldsina
desired, such_a frame can ‘2 i first section supporting the
chanber 10 angexgc&}gﬂgas[ogr%eagﬁ %}Yga ‘H Bn supporting 25 t he vacuum punp
100. Such an arrangenent allows the vacuum punp 100 to be retracted
away fromthe chanmber 10, thus allow ng servicing of the vacuum

: u
or repl acement of Bhe Fhemniversel howsing of Elaim Brwhereintbe chasbar Hacldese PHIP

second opening extending through the second endwall, the second opening

15  having a pump module mounting arrangement removably attachable to a mating

vacuum pump assembly module.

4. The universal housing of Claim 3, wherein the support module
mounting arrangement engages a substrate support assembly module, the source
module mounting arrangement engages a plasma generating source assembly

20 module, and the pump module mounting arrangement engages a vacuum pump

assembly module.

3. The universal housing of Claim 3, wherein the sidewall opening
and the first and second openings are sealed by a vacuum seal and RF shielding

member.

25 6. The universal housing of Claim 2, wherein the source module

mounting arrangement engages a plasma generating source assembly module

-23.
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section. and vacuum punp 100 are attached:
to the chyeneés: 10 | !@H Hgig Eﬂ ﬁl as the pl asma gengfaidongogdour ce
assenbly and the assenbly using a conmon vacuum
scaling interface - 16 -

WD 97/ 4702

PCT/ US97/ ORAINE a subetant@blm‘frglr RY antenngand s dielegiric; wigdow, thef@sse r ecei vi ng
the Oring ity B&Rk idBfined by flrsi 'ehdl 36GonBIESSida%urfaEesCild it eehNe groove.
For instance, the gate val ve ccan include a pattern of bolts
(e.g., a rosurface beingl mw)ard:mf @a(shcmddecazsﬁcd $wrface and ant(b:mhgrscﬁldvemg t achi ng
the gate val ve 110tothe Fb 10 wi,th at | east é} ring and RF
shi el di ng nEHBRIFSSE "eel"vﬁg%H asfag SeneraliPeEPHICS ATSERR Smo e a“d each @hcyum -
punp 109 caﬂplet}gcegggdaﬁnpaqesdl rectly to the chamber 10 or to the gate

val ve 110 using a centering ring wherein a flange of the centering ring
fits into _ mati ng recesses in opposed surfaces of the vacuum punp and
the gate valve o used in the chanber

chanmbe I f t
does not requir ej}1 ow T8¢ u"’d’l"%‘é‘é%ﬁ‘@mgt%ec@gﬂ e Fﬁ"ﬂ BM“EHH“B%O‘%%\I ed with a
sui tabl e segblifthghrt RicRNE aitevei&d GIbRIFRE"s d at a
- desired pressure %y rﬁ{g!ﬁechanrlxggg?s 'E)c © attagﬁu %ngsﬁﬁghn&'l |gtréy port
such as porhavirglaisnppdreasn dedvalshbsifatd klEppoftatlbesnpport arm and substiatd ous

r res. n n h 1 ndi n
SUb.St ate Ssl{.\rg))ggrttbsemcgasr{zgde sorrzgx)suftot peacsi,s Ithm\txg > the sidewall Op%nlctilzpf%r asseg\bly of .

10 the substrate support within the chamber.

8. The universal housing of Claim 1, wherein the sidewall of the
chamber comprises a cylindrical sidewall, the pump module mounting
arrangément engaging with a gate valve or vacuum pump, the second opening
being circular and defining a flow area of at least one-third of a maximum

15  cross-sectional area defined by the cylindrical sidewall of the chamber.

9. The universal housing of Claim 6, wherein the processing
chamber is a high density plasma processing chamber wherein high density
plasma is provided in a region adjacent the support substrate, the substrate
support including a chucking device which clamps a semiconductor substrate on

20  a support surface of the substrate support.

10.  The universal housing of Claim 1, wherein the second opening
comprises a vacuum port in a central portion of the second endwall of the
chamber, the second endwall being separated from a substrate support of the
substrate support assembly module by an open area, the vacuum port being

25  connected to a vacuum pump which removes gases from the interior of the

chamber and maintains the chamber at a pressure below 100 mTorr.

—_— e
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substrate, 4, 6, 8 or etc.) and the process to be
carried out in the chanber Depend| ng on the process, it may be
desirabl e to use mechani cal

the process may require ?‘f’e‘?réﬂt rgéé’é’lgeogl;ad’fm éoB’FFWQf‘ the W@ﬁtﬁtﬁd“pg‘m of

the substrat qssdrhbly Hédulé tholidet aShebhti qmseﬁdmbﬁm abfetRaRbeAy of the
20 substrate is changed, the substrate supEort or plasma generating

source may ﬂangeubﬁmgtmecmd@m;swwwgsm“ therghambetjthe suppoet posi ti on of

the substrate su ve.to a ] rating.source (eg

11 cm gap foﬁ”ﬁﬂfgg “ee‘?'t?hﬁhﬁi‘}&ﬁ"‘&"rd to the m "5%&%? a'ét"e?ﬁgﬂ c.). Aso, -
the substy at qhéugpﬁﬁ,tedn@yd substratdSupport.n i ft arrangerrent such as a
pneumatic or cable driven pin |ift mechanismwherein |ift 25 . pins are

nmounted on a lifter plate or are |nd|V|duaIIy driven by cabl e assenbli es.

on the type of substrat anel display substrate, sem conductor
waf er, 15 wgtge,ﬁnzzthe I"“ rlﬂ./{E rate (e g, 300 x 60@crrosybess:z

For | arger substr s (£.0....3 nels the pin lift
mechani sm can ut i ﬁtzg ‘ﬁg%plggcrsgfl{ou&nﬁ ghews '\%H‘g&'&rﬂ"‘tnr'i’é‘ If?? €pi ns
ar e ! Oqﬁélﬁde@zﬂ portionfited inliHe SiaswaN oiazﬁthg s lheadaaévtau b ehe! dhfaibf.nS

bei ng i ndependent of each other and indrvidually driven by a cable..

assenbly as disclosed in 30 conmonl y owned U. S. patent application Seri al

rNg]; e?glngg.& 880, t h]e3 di Sfl;cogrlxjwersal housmg of%] lbswngrgnenb%el A ?logp%%?ndg by

97/ 47022 is tapered such that the sidewall opening decreases in size in a direction towards
PCT/ US97/ 09032 :
~ 10 an interior of the chamber the portion being tapered such that mating surfaccs

)

of the sidewall opening and the portion provide a tapered fit.

14.  The universal housing of Claim 12, wherein the sidewall
comprises a cylindrical surface surrounding a substrate support, the sidewall
opening in the sidewall of the chamber extending through the cylindrical

15  surface, the portion including a curved surface facing the interior of the
chamber, the curved surface having edges which lie along edges of the sidewall

opening in the cylindrical surface.

15.  The universal housing of Claim 11, wherein the support arm is
sized such that flow of process gas through an annular gap between an outer
20  periphery of a substrate support and the sidewall of the chamber is substantially

uniform.

16.  The universal housing of Claim 1, wherein the chamber includes
a plasma generating source assembly module, 2 vacuum purup assembly module
and a substrate support assembly module, the plasma generating source
25  assembly module being interchangeable with another plasma generating source

assembly module, the vacuum pump assembly module being interchangeable
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For some processes, it to connect a nechanical punp. . -
to an auxiybiogiypaport | ﬂmm liu Mllj t he chanber. For |p§i.m§§-9,9032 vacuum'

l'ine (such as a Ilne) coul d be connected to
auxiliary port 144 for punpi ng domn t he chanber 10 prior to
activating the vacuum punp 100. Al so, It may be ‘desirable to

subst i t ut e withangdtberi vasPUHERND hﬁsyamhlyemgqiu!@ aad \Mbmﬂate supportipgsedly i n Wmh ch
bl e t t
o Sl RN RSP Y BB A S e SORIECL 0 (1

110 or directly to the |larger vacuum port 20. FIG 9 shows a
nodul ar pl asna generatlng source 170 which can be 10 used for isotropic
etchi ng an oxi dd”t ayeFhe drjgergal housing of Llaim hgWhergincbe sgepnd openingne| udes a

pair of Op(%?%ﬁ@ﬂs&ui Vi e@fﬁ&&%ﬂ:@! ﬁln%“%%ﬁ%ﬁbéﬁﬁye%ﬁu&ﬁx Sﬁo?éj?égg' nst

the exteri a die IC Cy océss gas uced into
t he 5 Gypdrmee frohy & sab@traﬂ Quportelsy ambperspRbAINE selistriae ¢ QmBEiE Wiy 9y
supplied to the rodes 172,174. The cylinder can be renovably

attached t geparptad feom 11'7985145“'3" ofiths shamderby pr apaulamgep, theannulirgaps cr eat ed
e et R T8 ac B How, area of SR 63 drloV O LaNoRASRADE, 180, The

~plate 180 is r atta um seal 1 ng nmanner {oth
‘upper endwahd qxﬂi‘strhdee.upbmr‘raﬁd tﬁd)opdimpaea(mmd:géa cross-sect@n&l flgwldiea and
surroundi nq RF shi el di_.ng rer 184 are | ocated between opposed
surfaces oflaigfe é‘ﬂeeﬂTB’Oa'ﬁﬁH thec2n@HRRBEP- 10. Li kewi se, to seal the' 20
ot her conponents, Oring and RF gaskets are | ocated between one end of the
funnel 178 and plate 180 and between the other end of the funnel 178 and -
the 10 cylind@ 17khe Winieersal ltohan'gmlf s p| wheraincthe 2hasibécindlides

el ectrodes 172,174 t r surface of the cylinder 176 becones
er oded by Pﬁ@‘eﬁlr%@ﬂ’éﬁmdu?ﬂ?éted r"@nﬂ\?&'ﬁﬂey mount ed cylinder 176 can be
periodically replaced. 25 The chanber is preferably isolated from

t he vacuum punpi ng arrangenment by a gate valve. The gate val ve can be
attached to the ¥odulBre universal housing of Claim 4, wherein the substrate support :

includes an electrostatic clamp.

20.  The universal housing of Claim 4, wherein the substrate support
15 assembly module includes a support arm and substrate suppdrt, the subsirate
support including a plurality of service conduits extending therethrough, the
service conduits supplying at least one of a gas coolant, liquid coolant, RF
energy, pressurized air, electrical monitoring signals or electrical actuating

signals to or from the substrate support.

20 21. The universal housing of Claim 17, wherein the annular gap has a
cross-sectional flow area of at least 0.5 times the cross-sectional area of the

substrate support.

22. The universal housing of Claim 17, wherein the annular gap has a
cross-sectional flow area greater than the cross-sectional area of the substrate

25  support.
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nounting arrangement for the vacuum punp or
t he chry P22 N a preferred enbodi ment,

pl at e which

cl osed position 30
suitable gate valve of this

conpany.
97/ 47022

PCT/U897/090324

I nvention, It
chanber. Fori
a liner of pr
t he chanb

by 5
suitable opem
According to

i n the chamber
for the plas
vacuum and/

al um nunm , )
nitride, etc.)
case of a
grounded. Furt

S

ok

ng
pr
a
g

pr
el

her

it can be attached directly to
t he gate val ve peRpEy @322

noves from an open p05|t|on away fromthe chanber to a

\_

wherein the plate sealingly engages the chanber. A
type is -avail able from VAT, a Sw ss

7/8 - 18 - WO
According to a further as t of the
g4hbssible to assenbl e or replace i ner i4#the
ance, W A possibl g to 4Fi de
Into
o si.nply
to the access por{. éﬁ? _4EP
7 1 gn gpthl vay ousG@p in the chanber.
ferrgd enbodi ment, the I}n s portid ¢n pegs
he [ unft\ ng prr angenment
ergfing|s erj al \an rY¥8e any
conpat{ible material .such as a-10 met\u! . fle. @., -
ic nptgrial (e.g., puartz, al na} al uNDagim 10
ated patierta (c §—arotZed—a-br-nun) , . IuJEhe
tgt lingr, it may floal electrically pr it may b%'
. é% l'i her 70
I _ ‘f
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can include a tenperature control nechani smsuch as one or nore passages

for fwow7afoxa tenperature control fluid, one or nore h®ETGISSTAUSH as
one-or nore 15 resi stance heating el enents, etc. The
chanmber design permits high flow of process gas while maintaining a

desired pressure in the chanber. Such high flow is achieved due to the
chanber wall nounted cantil ever chuq&/@ésign whi ch all ows substantially
symmetrical gas flow through the c énber and frees up space on a wall of
the 20 chanber opposite to 3,ma§ on whBth the pP&sma generating source -
I's | ocated. As such, a | can Pe provi ded having a

Llligr g & al\ area of the
NYbodi nent of the-
AL r of a
i%gfroma
att ached to a
6~ section

rge vacuum gort
cross-sectional area at-o g
substrate support.
i nvention, the substrate
ci rcul ar vacuum chanber
sidewal | of the chanber
sidewal | of the subst @& =7
than the support surface o
m nim ze non-uni form gas f

uni form fl ow of 9§dse A - of the
chanber. To 30 achieve op t He substrate
hol der and the inner

IS
preferably at |east appro/?/i :
- 19 - VO 97/ 4

98
PCT/ US97/ 09032 IR

55 & & FIG. 4



tines, nore preferably approximately at least 0.5 tines, and nost
preferably woo747022 approxi mately equal to or greater than tRET/US97/09032
cross-sectional area of the substrate hol der and/ or vacuum port.
For instance, according to one enbodi ment of the i nvention, the
flow area can be | to 2 tinmes the cross-sectional area of the 5
substrate support. Al so, the surfacqzyy the outer periphery of the support
arm cl osest to the plane of t’he exposed substrate surface is spaced
downstream e.g., at least 1/2 inch, preferably at least 1/2 the
t hi ckness of the support arm In the case of a substrate
support for an 8 inch sem conductor wafer, the vacuum port can
conprise a |large opening such as a 10 inch to 1 foot in %g? %ianeter
opening seal ed by a suitagBy sized §3fe val ve. The support 2a¥ndbs
shaped and sized to mini §g¥punpiqg asymmet ry 3€or instance,- circul ar

f 1 f |

support arm can have a_di er_o to 3 inches or a non-c rcll ar support
arm such ali-org—er—eptangt-ar—Suppert—earfi-eaf—hg)e a
Cross-section wh | es rogl to I nghes 1n w dt e

The annul ar gag‘ﬁ n the inner f of{ the dewa

chanber and th ter Hpher bly has a
Cross- section Ir ea F vacuum
port. For exdfpte~in N ase of gn g 1nch , thR\$ubstrate
support can have a tot ' of 12 in S d t h@yhanber can
have a di ameter of- 18 incgﬁs. H=such a e, 2 th Lnc ng%Bélom/
area between the cha r gide and the substrate - SURRPrt ovi des -
~an annul ar fl ow passag ' = J a of about
140 square inches co has LI 0SS-
sectional area of &bou 0 s ¥nches. 1 I n b case of a
12 inch wafer, if th | 14 inches
“and the chanber has a +E-Hehes T -the—anit ea

7///////// 1 3% A0

J

Aég :
110 - ' |
| | N 700
N

FIG. 5




will be smaller in cross-sectional area (about 100 square inches) than the,
substrate hoW§e7/47e83out 150 square inches). Wile such a chanmpearERsisi, My
provi de desirable gas flow for certain applications, inproved high flow at

| ow pressure can be achi eved by decreasing the size of the substrate
support and/or 30 increasing the size of the chanber, e.g., making the
substrate support snmaller - 4543 _ -
20 - ' WD 97/ 47022 .

PCT/ US97/ 09032 such as smal |l er thang£OUt 12.5 inches in dianeter
and/ or meki ng the chanber | ar ger suc | ar ger than about 20 inches

in dianeter. The flow areg,pet yeen the substratgysupport and

the vacuum port is pgs%erably JZ??, In area than tge annul ar fl ow
area between the substrate 4/'Aﬂn.i~? i nner sidewal | surface of
t he chanmber. For instance, C_dhanbersi dewal | and substrate
hol der are separateqéiy a Z¥-Kall ‘ t he di stance
bet ween t he endwal | t he

preferably exceeds 3 éif;;'
area - bet ween ’uér
peri phery of the adwal
port can be roetdnded g

1627/ | 2’ 160

170 l

/%
/-'—'K.

100

FIG. 6



taper.ed and/or the opening in the endwal |l of the chanber in which the
vacuum = wopemtzzs | ocated can be rounded or tapered. PCT/US97/0909¢ t h
the foregoing relationships, less than 10% preferably |less than 5%

and nore preferably less than 1 % variation in pressure across the entire
15 exposed surface of a substrate such as an 8 inch or 12 inch wafer can

be achi eved whil e mai ntai ni ng 5}(3 chanber at a pressure of |ess than
100 niforr, e.g., | to 50 niforr.”. The punpi ng speed seen at the
substrate surface is typically about half (e.g., 1000 [err]/sec.) of

t he punping speed (e.g., 2000 [err]/sec.) of the vacuum punp.

Further, the pressure seen at the substrate surface will 20 depend on the
anount of process gas flowing into t hanber and the ability of the

vacuum punp to withdraw the dissociated s fromthe chanber. For

exanple, if the vacuym punp has a purrpiz,g speed of 1000 [erf]/sec., wth 80
sccm process gas flow, when the gas is gdi,ssociated into a pjasm state the
vol une of the gas esgentially doubles a@}-&ie vacuum punp npy only provide

a 25 vacuum of aboyt 2 niforr in the c er. As some procgsses utilize
200 to 30079 ——eccm process gas, once [di sspggated and doupl ed in gas

vol une, the vacuum punp may only pyovide a vacuum of hbout 6 mlorr.
As shown in FIG 10, |the footprint of phe~yacuum processi ng|apparat us

10 can be reduced by {providi ng an angl dewal | from which the substrate
30 support 70 is sypported. For ins &t ead of extehdi ng in"a
direction perpgndi cul ar to the stdewal |, the support fprm 80 can
extend at an angle : - 21 -

e _ [
o ! o
[T L T 1
—~ He ,
162 - - ~160
B —l

1~ 100

FIG. 7



WO 97/ 47022 _ e e
PCT/ US97/ 099@&97/47022 bet ween the substrate support 70 and a poavessendgsgal |y

oriented sidewal |l 190. Such an arrangenent takes up |ess floor space
due to the reduced size of the | ower end of the chanber and all ows
access to the entire periphery of the chanber surroundi ng the
substrate support. 5 Wi | e I nvention has been described in
detail with reference to preferried enbodi nents thereof, it will be
apparent to one skilled in the art that vari ous changes can be nade,
and equi val ents enpl oyed w thout departing from the spirit and scope

of the invention.

110
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VWHAT IS CLAIMED | S: 1. A uni versal housing of a
. vacuum pr omsgismgzxchanber, conpri si ng: PCT/ESP (PSR
having first and second endwal | s and a sidewal | extending therebetween,

t he chanber including a sidewall opening extending through the sidewall,

t he sidewal | openi ng having a support nodul e nounting
arrangenent, the support nodul e nDuéLﬁ&g arrangenent bei ng
renovably attachable to a nating substrate support assenbly nodul e,

t he chanber including a flrst openi ng extendi ng through the first endwall,
the first opening h3@ ng a sour nmodul e rmuntlgg
arrangenent renovably at ?kégl e t(o a mating p}c

generati ng source assegpl '

housi ng of C aigp

dule 2\ ‘he uni ver sal

openi ng extendi ng thr econd engwy | th:zzecond ope h&vi ng a
punp nodul e nmount i r pngemgnt vabl le to a
mat i ng vacuum punp as |y he
uni versal housi ng of im 2, nou ng
ar r angenent engages a bstrat 4 t he §§urce nodul e
mountin
g. . \ 70
190 \
122 §
80 §
N\ . = \

20

N\

FIG. 10
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arrangerrREPLgﬁEm SHEERE e g RIACRHD SHEET® asssebly |modul e, andddie

panp noqulre ﬁtegégg"gl;ra eat engages a {vacu T SHEET
assenbl y : - Sl YT gy ersal_ﬂm
Claim 2, edij \I%QQFQ 89 pe gf:{‘a“:‘};%& rﬂ)B%gt hleﬁtf’lpééqd i and

second ¢peénings_are scal el \ u -art@ PREEAsHi-eldi n

5. The uni versal hou5| N f\gﬁfaé F m 1P2sgfiereith peted .Sourc ﬂlm,'nrmu I'Iiug’",

ar r angerremtsenaags _gener at I Mg sourte—asSefbi-y m)dul e havt f nd'
substantial v gl anar RF antenna and a di el ectric w ndow, the

first opening bql Ng dguhefaPNousingWf 23 ifuum processing chamtRe C¥tprisiizessed
surfaces, the first recessed surface being inward of the 'second recessed

surface and an @ champes banting) 6irst gnd ssvpneé esdwhllscindmcsidewall extending tgemhelwbemg
S
ar { anoCTeNtopRfiRRYating o b G ity HabpShaR i 5P Bt ™' "9
arrangement being removably attachable to a mating substrate support assembly module,
the chamber including a first opening extending through the first endwall, the first opening
baving a source module mounting arrangement removably attachable to 2 mating plasma
generating source assembly module.

2. ' The universal housing of Claim 1, wherein the chamber includes a second
opening extending through the second endwall, the second opening having a pump module
mounting arrangement removably attachable to a mating vacuum pump assembly module.

3.  The universal housing of Claim 2, wherein the support module mounting
arTangement engages a substrate support assetnbly module, the source module mounting
arrangement engages a plasma generating source assembly module, and the pump module
mounting arrangement engages 4 Vacuuin purmp assembly module.

4. The universal housing of Claim 2, wherem thee sidewall opening and the first
and second- openmgs are sealed by a vacuum seal and RF shielding member

S.  The universal housing of Claim 1, wherein the source module mounting
arrangement engages a plasma generating source assembly module havmg a substantially
planar RF antenna and a dielectric window, the first opening being defined by first and
second recessed surfaces, the first recessed surface being inward of the second recessed
surface and an O-ring seal being compressed between the plasma generating source
assembly module and each of the recesed surfaces. |

6.  The universal housing of Claim 1, wherein the support module mounting
arrangement engages 2 cantilevered substrate support assembly module having a support
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arm'and a subst ]@Fﬁ ""fsuppgrt aﬁ'_fﬁ—-'éﬁ'd substrat e support being

P ~a A ¥ ﬁ1sg 1 [ B“MI
iﬁﬁgfr Z?eazuggo ] within the chi Ig(ra\.lval I“l“Hﬂ'" “mz"“r" mﬁgngmf\ggcsal Joﬁl-s“i:'ErTg
W0al] bf the*chanber "cofiprises a cylindrical

of Claim1, whe
sidewal |, the p arrangenment engaging with a gate valve
being circular and defining a flow area

or vacuum punp, . .
TEOBTAIE RUPDEF AirofoppOLt rm ad sUbgEate Supat BFing aized Fo AE FpHS
i
g

w5 1IN

of at |east one
cylindrical EWA et}
of Ol ai m 5. uibgsieisn Glkbvall GEASS j e T
processi ng charr%er V\)érere% @gﬁ"gl ty pfatgﬁas?%sg’hp:}g ded In a r%g%x%enr.

adj acent the support substrate, the substrate support including a chucking
devi ce which clanps a_sem ¢onductor substrate Qn a support surface of the
substrate supportis The univegsal h°“%°ﬁl§l%fls ﬂ%w%ﬁﬁhﬂgwd@fmbmer ei-n

second. ondvabRBrReh &R EC s fenfl, DB nogfls TnhiRine HeraBRE Bafiice oy o
substrate swaBofdlveddr ¥ € sRURP BpénirtS BARP Li¥culRHdSdBhird R68uréd 6

t he vacuum port bei ng connect d to a vacuum punp whi ch renoves “gases from
t he int eri orat dgast ¢ne-thirdmif er maxionurérossasentionad arch alefined by the gyliedsical sidewhatl wf

100 niforr. the chamber.

8. The universal housing of Claim 5, wherein the processing chamber is 2 high
density plasma processing chamber wherein high deasity plasma is provided in a region
adjacent the support substrate, the substrate support including a chucking device which
clamps a semiconductor substrate on 3 support surface of the substrate support. |

9. The universal housing of Claim 1, wherein the second opening comprises a
vacuum port in a central portion of the second endwall of the chamber, the second endwall
being separated from a substrate support of the substrate support assembly module by an
open area, the vacuum port being connected to a vacuum pump which removes gases from

the interior of the chamber and maintains the chamber at a pressure below 100 mTorr.

10.  The universal housing of Claim 1, wherein the substrate support éssembly
module includes 2 mounting flange and a support arni. the mounting flange being attached
1o an exterior surface of the chamber, the support arm having one end thereof joined to the
mounting flange and an opposite end thereof joined to a substrate support.

11.  The universal housing of Claim 10, wherein the mounting flange includés a -
portion fitted in the sidewall opening in the sidewall of the chamber.

12.  The universal housing of Claim 11, wherein the sidewall opening is tapered
such that the sidewall opening decreases in size in a direction towards an interior of the |
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10. The uni versal REBLACEW Sl

assenbly nodule in Iades a nountin

1, wherein the substr
1l ange WWM@EJWF%
fl ange being attache PHECAINN i ¢r surface he support
arm havi ng one end jt hereof joined o the nmoun H ml Imn opposite
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chanber, the portion being tapered such that mating surfaces of the
si-dewal | openi ng_li}nd The universal housing of Claim 11, wherein the sidewall comprises a

cylindrical surface surrounding a substrate support, the sidewall opening in the sidewall of
the chamber extending through the cylindrical surface, the portion mcludmg a curved
surface facing the interior of the chamber, the curved surface having edges which lie along
edges of the sidewall opening in the cylindrical surface.

14.  The universal housing of Claim 10, wherein the support arm is sized such
that flow of process gas thmugh an anmular gap between an outer periphery of a substrate
support and the sidewall of the chamber is substantially uniform.

15.  The universal housing of Claim 1, wherein the chamber includes a plasma
generating source assembly module, a vacuum pump assembly module and a substrate
' support assembly module, the plasma generating source assembly module being
interchangeable with another plasma generating source assembly module, the vacuum pump '
assembly module being interchangeable with another vacuum pump assembly module and
the substrate support assembly module being interchangeable with anather substrate support

16.  The universal housing of Claim 1, wherein the second opening comprises a
vacuum port for evacuating the chamber, the vacuum port bemg separated from a substrate
support by an open space, the substrate support being separated from the sidewall of the
chamber by an anmular gap, the annular gap having a cross-sectional flow area of at least -
0.3 times a cross-sectional area of the substrate support and the open space having a cross-
sectional flow area larger than the flow area of the annular gap.

17.  The universal housing of Claim 1, wherein the chamber includes a liner
removably supported within the chamber. '
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20. The universal housing of Claim 16, wherein the anoular gap has a cross-
sectional flow area of at least 0.5 timies the cross-sectional area of the substrate support.

_21. The universal housing of Claim 16, wherein the anoular gap has a cross-
sectional flow area greater than the cross-sectional area of the substrate support.
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the chamber including a sidewall opening extending through the sidewall, the sidewall

opening having a support module mounting arrangement, the support module mounting
arrangement being removably attachable to a mating substrate support assembly module,
the chamber including a first opening extending through the first endwall, the first opening
having a source module mounting arrangement removably artachable to a mating plasma
generating source assembly module.

2. The universal housing of Claim 1, wherein the chamber includes a second
opening extending through the second endwall, the second opening having a pump module
mounting arrangement removably attachable to a mating vacuum pump assembly module.

3. * The universal housing of Claim 2, wherein the support module mounting
arrangerﬁent engages a subsu;ane support assembly module, the source module mounting
arréngement engages a plasma generating source assembly module, and the pump module
mounting arrangement engages a vacuum pump assembly module.

4.  The universal housing of Claim 2, wherein the sidewall opening and the first
and_secdnd openings are sealed by a vacium seal and RF shielding member.
5. The universal housing of Claim 1, wherein the source module mounting -
arTangement enﬁages a plasma generating source assembly module having a substantially
planar RF antenna and a dielectric window, the first opening being defined by first and
second recessed surfaces, the first recessed surface being inward of the second recessed
surface and an O-ring seal being compressed between the plasma generating source
assembly module and each of the recesed surfaes. '

6. The universal housing of Claim 1, wherein the support module mounting
arrangement engages 2 cantilevered substrate support assembly module having a support
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wherein the annular gap hay a cross- sectiénal flo
times the cross-sectional e subs rate sumnmﬁumnm 'II : The
uni versal housing of C aiim 16, wherein chas amcC

sectional flow area great than the cross- sect | onal ar ea of the subst rate
support . arm and a substrate support, the support arm and substrate support being sized so as to pass

through the sidewall opening for assembly of the substrate support within the chamber.

7. The universal housing of Claim 1, wherein the sidewall of the chamber
comp_rises a cylindrical sidewall, the pump module mounting arrangement engaging with a
ga'ce.valve or vacuum pump, the second opening being circular and defining a flow area of
at least one-third of a maximuin cross-sectional area defined by the cylindrical sidewall of
the chamber. . >

| 8. The universal housing of Claim 5, wherein the processing chamber is 2 high
- density plasma processing chamber wherein high deasity plasma is provided in a region
adjacent the support substrate, the substrate support including a chucking device which
clamps a semiconductor substrate on a support surface of the substrate support.

_ _9_ The universal housing of Claim 1, wherein the second opening comprises a
' vacuum port in a central portion of the second endwall of the chamber, the second endwall
being separated from a substrate support of the substrate support assembly module byan
open area, the vacuum port being connected to a vacuum pump which removes gases from

the interior of the chamber and maintains the chamber at a pressure below 100 mTorr.

10. . The universal housing of Claim 1, wherein the substrate support assembly
" module inélndesamounﬁng flange and a support arm, the mounting flange being attached
to an exterior surface of the chamber, the support arm having one end thereof joined to the
mounting flange and an opposite end thereof joined to a substrate support.

11.  The universal housing of Claim 10, wherein the mounting flange includes a
portion fitted in the sidewall opening in the sidewall of the chamber. '

12.  The universal 'housing of Claim 11, wherein the sidewall opening is tapered
such that the sidewall opening decreases in size in a direction towards an interior of the
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chamber, the portion being tapered such that mating surfaces of the sidewall opening and
the portion provide a tapered fit.

13.  The universal housing of Claim 11, wherein the sidewall comprises a

.- eylindrical surface surrounding a substrate support, the sidewall opening in the sidewall of

the chamber extending through the cylindrical surface, the portion including a curved
surface facing the interior of the chamber, the curved surface baving edges which lie along
edges of the sidewall opening in the cylindrical surface.

14.  The universal housing of Claim 10, wherein the support arm is sized such

_ that flow of process gés through an anmular gap between an outer periphery of a substrate

support and the sidewall of the chamber is substantially uniform.

15.  The universal housing of Claim 1, wherein the chamber includes a plasma
generating source assembly module, a vacuum pump assembly module and a substrate

| support assembly module, the plasma generating source assembly module being

interchangeable with another plasma generating source assembly ‘module, the vacuum pump
assembly module being interchangeable with another vacuum pump assembly module and
the substrate support assembly module being interchangeable with another substrate support
assembly module.

16.  The universal housing of Claim 1, wherein the second opening comprises a
vacuum port for evacuating the chamber, the vacunm port bemg separated from a substrate
support by an open space, the substrate support being separated from the sidewall of the
chamber by an annular gap, the anmular gap having a cross-sectional flow area of at least
0.3 times a cross-sectional area of the substrate support and the open space having 2 cross-
sectional flow area larger than the flow area of the annular gap.

17.  The universal housing of Claim 1, wherein the chamber includes a liner
removably supported within the chamber. REPLACEMENT SHEET
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18.  The universal housing of Claim 3, wherein the substrate support assembly
module includes an electrostatic clamp.

19.  The universal housing of Claim 3, wherein the substrate support assembly
module includes 2 support arm and substrate support, the substrate support including a
plurality of service conduits extending therethrough, the service conduits supplying at least
one of a gas coolant, liquid coolant, RF energy, pressurized air, electrical monitoring
signals or electrical actuating signals to or from the substrate support.

20. The universal housing of Claim 16, wherein the annular gap has a cross-
_ sectional flow area of at least 0.5 timies the cross-sectional area of the substrate support.

21. The universal housing of Claim 16, 'wherein the anmular gap has a cross-
sectional flow area greater than the cross-sectional area of the substrate support.
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