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Vacuum processing chambers are generally used for etching and _

chemical vapor depositing (CVD) of materials on substrates by supplying 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,

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 typically designed to meet performance

specifications which depend on the process to be carried out therein. Thus, the -

particular plasma generating source, vacuum pumping arrangement and substrate

~ support associated with the particular processing chamber must be customized or
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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 and substrate support results in
increased production costs, slower assembly time and lack of flexibility with
respect to such ancillary equipment. -

Substrates are typically hela in place within the vacuum chamber during
processing by substrate holders. Conventional substrate holders include
mechanical clamps and electrostatic clamps (fiSC). Examples of mechanical
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
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hol der duri ngf certai ngprocessi ng stegs. Such cooling is
Patent Nos. 5,160,152; 5,238,499; 5,350,479; and 5,534,816. The cooling gas is

typically supplied to channels or a pattern of grooves in the substrate holder and
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
edges by a mechanical clamping apparatus. .

Electrostatic chucks are used for holding semicoﬁducting and conducting
substrates in place in a vacuum chamber in situations where ii 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 singlc electrode.
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
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 serviced

through a sidewall of the process chamber. Moreover, a substrate arrangement
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scrviceability, flexibility in choice of components-and/or improvement in

uniformity of gas flow especially at low pressures. The improved serviceability
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 replacement 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

support or further upstream, a desired substrate support module such as onc

" having a mechanical chuck or an electrostatic chuck can be mounted in the
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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
plasma etching or CVD.

According to one aspect of the invention, a universal housing of 2
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
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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surface. An O-ring seal can be located in a groove in each of the recessed
surfaces for scaling the first opening. The mounting arrangement surrounding
the third opening preferably mates with a mounting arrangement attached to a
cantilevered substrate support assembly which includes a suf)porl 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
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 defined by the sccond opening is at least one-third of a
maximum cross-sectional area defined by the cylindrical sidewall of the
chamber. '

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 s;xpport 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
the substrate support to be removed from the chamber through the opening. The

mounting arrangement removably supports the substrate support in the interior
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havi ng .a mechani cal chuck or an electrostatic chuck can be nounted in the
chanber and/or a vacuum punp nodul e havi ng a desired punpi ng speed can be
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arrangenent surrounding the first opening can mate with a nounti ng
arrangement at t surfeed of dheasybistratessupporter Thé ohamber can dunledeea vamiymeport frea

mounting arrangenent surroyndi ng the .secaond openi C 8 mate with a
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10  vacuum pump which removes gases from the interior of the chamber and

maintains the chamber at a desired pressure such as below 100 mTorr.
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The mounting arrangement can include a mounting flange and
horizontally extending support arm having one end thereof attached to the
substrate support and the other end thereof attached to the mounting 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 dircction 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 surface 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 mounting 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 substratc support, pressurized gas for
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mounting arrangenent attached to a substrate support nodul e. Each of the
openi ngs can include a vacuum seal and an RF shielding nenber (e.g., RF
gasket) . %o 9747028 The first opening can be circul ar angcirRisoyebazfir st
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in a groove inaQagmtheod lifcifin WRLR&HAH, electrical shifal ASASfof AonkBAKj BGuipRen{ 1 I St
openi ng. The nounting arrangenent surroundi ng the third opening
pref erabl y mat suchviistbackside pressune; sibsteate)sunpatt temperatwel efe. supply of nitrogen

I e e

substrate supp8t portarm an supp to
pass t hgleetgiBall pivdrinesl ferneniafiag (vahbecoh@ibnBsts o8 the substthid 'supsord -
rectangul ar) for renoval or assenbly of the substrate support w thin

the chanbef. The noWhe inMgntion also previdesemetiod of prenghung g subsratetioie openi ng
preferably mat 1.0, |: 1 vacuum punp
odul e The. oi Bal chafboPp it dibve. Y ETHF L BERBENToRY R 0

si dewal | and t hébsgareaddh® pridgessGhambebst £positidrasn the suEpoﬂ\/@@ﬂfﬁicrbﬂthe flow

area defined by the second gpening is at |east one-third of a
maxi mum cr oss - SESIAEFEPPRE.charaRing M suPstrats do dha supaeit surface ofdhe spbsmta he
chanmber. 25 ' h i [ LRyentd.on, a
Vaouum pr ocessfipport snd QB QiRRak e SHRACL BB nclds sl BE hesk ™.
renovabl y 1oountreasféhgascienveen the substrate aginthe Iseppoit Surfabe ofi theTdubsisatbst r at e
support is nounted in_an interior of the vacuu rocessj ng.chanber y
by a rmounting S¥RPRAgeFREEXPREFITRrtacE Of e JuhsiHalg fan be etc e‘gﬁr 6%74{ ’8"“?51 a B
sidewal | of thg,Ghiaohiehy sfhe ioBEks cRaBE IS RIA ofl £ BERMctd)  the
Substrate supporet_ to bggrsgréoved romthe chamr)‘erq#hrough t Ee docper’li ng. The
nounting arr anFEPAQP reectos; aiv|parallepplatet watthe helidmat reatter, selicad resonatot he
! nterior reactor, isotropic etching, microwave downstream reactor or |€ho_toresist 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 to
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.3is a schématic view of a substrate support according to the
invention;
FIG. 4 is a schematic view of a vacuum processing chamber having the
substrate support assembly according to the invention mounted thercin but with

30  the top mounted plasma gerierating device of FIG. 1 omitted therefrom; -
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extend through H&?alled Description of the Preferred Embodiments

The invention provides a vacuum processing chamber having improved

3
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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 requiring 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 substratc support and/or the vacuum pumping arrangement can be readily
removed from the chamber for easy servicing thercof at a location 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., etch, deposition, etc.), material to be
processed (e.g., oxide, polyéilicon, metal, nitride, etc.), or substrate size,

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

for a range of substrate sizes such as 150 to 300 mm). In this way the
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cylindrical surface and the portion of the nounting flange can include a
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| i nes for m”'&?&lbpgcc‘aﬁﬁﬁ&ﬁﬁ:ﬂt such as backsi de pressure, substrate
support tenperature ., supply of nitrogen or clean dry air to

renove noi sture frowithhespeot ®r thedesign flegibdlitpponsivensah chamiiephousing can
el ectrical power _lipes, for actuating var .OHS conponents of the su@ztrate

support. 5 be fitted withrhardwase GPmpRANER Whish SopRrIte 40 SRy QY B PaRicBESsi ng a
substratepn t cess such B¢ Pa§iS cfchAENG dedBsiG6n. DRE02BRNE uliVersiEdHARMBer AN

|nclude suppl ng a
R . housmg can be retrofitted with different components to carry out a different L mee
process, and/or process different substrate sizes and/or utilize a different
substrate support. The universal chamber housing includes mounting
arrangements (such as standardized interfacc 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 bc 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 accommedate the module with adapter hardware
to couple thc module to the standardized interface port.

The invention also provides a hi gh-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 exposed
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 throuvh the

opening so as to be removably mounted in the interior of the chamber. Such a
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supbstrate to the process chanber at a position on the support surface of
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el ectrostatic cHulstrate supportosrthe hpiserpwallyofathe yaeyum Procsssing glpmbeg japd dhe
panel, sem Cﬁond'tjzﬁg Qe Bl eéva&'idtéchﬁl 8h§‘3r pore. yacyy Scéﬁ%{ﬁﬁﬁ@&@& t Bu@% epié?ﬁ

Dr awi ngs nven n e rea

with reference 9 e §dewall or 1n&ﬁemmhagoMrﬁmelg§cHambbhh@ﬂnoﬁndmg &:Ieements
bear |i ke reference nunerals, 20 and wher ei n: FIG. 1is a

schematic vi ew StbsirateawippestpSyck SERRRERSMIRIEYIdE dess timidealgvacnation qfithe
present invent| Qamber anddmake ?erwcrﬁk%f tl%e %ﬁsﬂa@%nﬁ’%&mj\gx%’%?x&@{ g vacuum

processi ng chanber accor e I nven K& substrate
support and top ceadumifipunt ed pl asma 25 generating device shown in FI'G

1; FIG 3 is a schemtic yiew of a substrate support
accordi ng tW® the A vaGUyPLREOCe§ing chamber according fo the piesent wmveptinmAy beyi ey

of a vacuum pr ogespiid, GRAMTRKiHANENY tidifia processing WEBL Kithes S’ assenbl y

according to the T nvention noun rel n the t nount ed ..
pl asma gener at i rgpekétior eesist skripping]l et Ah edarhpleroffar eaepum processing chamber
"6 - 10 having an inductively coupled plasma source is shown in FIG. 1 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 aﬁ endwall such as the bottom of process chamber.. The
vacuum processing chamber can be supplied RF power through 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 generating 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 source 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 v.acuum 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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WD 97/ 47028

PCT/ US97/ 09027 ' FIG 5 shows a cross-section of a uni ver sal
chamber houséingoRf a vacuum processi ng chanber accopg@igefigdeisne
i nvention, the housing including a cantil evered substrate support

and a vacuum punp; FIG 6 shows a perspective view of the S

uni ver sal housihB@hhbérl 8. H:desied, the mouming:ﬂﬁéehzswmﬁér%’hﬁi%f\ﬂh@w of the
uni versal housing of "FIG 5; FI 8 shows a top view of the

uni ver sal housplagndgereratingssource assembly can be fhinged go gheoshamber 1@ suchsthet | on -of

a universal hoysi AC L . further enbadi nent of the.

i nventi on V\herlél r??zf%ﬁle %’%E%lhﬁ Sé‘ﬁ% Gabe glvggeﬁt‘f)ldé'v‘gfegg%m Sich d%lﬁﬁ'g'?‘r‘“é]t e
support and anorignsdtionaor piresing He el 3Q) of thélch@mbanth. 10 FIG 10
shows a cross-section of a further vacuum processing chanber i n
accordance?wi t h t heAjsHberts 6% is supported withy the chamberr o sehstrete. suppOP78f er r ed

Embodi ment soh s . ' | i | ing
cha?rblereﬂa\s;i ngw?lﬁ%rl%{/eemdo dempnge{%%ga ﬁuﬁ%ﬂrﬂ&ﬁt@g?ﬁ%ﬁﬁ yeq’lt(ril‘ICO egi gn and

manuf act uri ng sidéwall 2 pEtte chambbr 10.c diip colsyttase upbsio 704€ er sdedofes nodul es)
such as a plasma generating source, a. .substrate support and a vacuum
punpi ng ar r ang¥RERR 2BAB0IRONHEH Bl gantilever fashinnr wichitha) to enfirs spbswiatent

e e BTG am sy, oo ht b RS (RSRBERLL ),
conponent $0of pdssing hizarissemblyubraugh Lanropeging l4aincahe sidewall of the chamber, as
shown in FIG. 2. The substrate support can include a chucking apparatus such
as a mechanical ring clamp 72 and an RF biasing electrode 74 located in a
central portion of the chamber below dielectric window 50. Alternatively, the
chucking apparatus can comprisc any suitable arrangement such as an
15  electrostatic monopolar chuck of an electrically conductive material such as
aluminum containing water cooling channels and grounded to a portion of the
chamber or a multipolar chuck havihg 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 panbl 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 éo_mpletes an electrical circuit

between the monopolar ESC and a grounded surface such as part of the wall of

-10 -



20. intensive and tinme consum ng process for servicing or replacenent of

t he chanber conponents. According to the invention, the plasma
gener at i ng Ye@9i1/47628 t he substrate support and/or the PaTMSaTHM2DI NQ
arrangenent can be readily removed fromthe chanber for easy
servicing thereof at a location away from t he chanbér or repl acenent-.
of such conponethesplaimpropessingchagbat| Whether or apl the RO provixivs ameertsitle gas

Wth respect to nuf uri.ng flexibilit t he present invention allows a
nmanuf act Er er of c@ﬁ’&u‘iﬁé‘? 8‘8’3&% ChiCet hftﬁar%may% ‘8?‘88@85? éf"ﬂfﬁ‘{’uf’é‘rlé)'a? Yalfinber
for a wide rangeodied piiien @F th Substate (sGpfort. Fhé BubsH8RODHOPBan Rhte 4 -

material to be processed (e.g., oxide, po[b]ym licon, netal, nitride,
etc.), or subst Festadgulan squae, cir io(*,”alﬂ_llﬁf sRRehFUita Cgpvehnmmméle(}}artmulljara
particul ar gniv 3 y be suited for a range of substrate
si zes such gs 1 ?%tegg%%m@h this way the :

-7 - WO 97/ 47@R&%xample of a cantilevered chuck assembly in accordance with the

PCT/ US97/ 09027 | manuf acturer nmay sinply attach the appropriate

energy source, HiyBfiqnaisshewpieFiG. 3. The assembinincludesppabstrats sufport 70, a
oo "EP bR S E IS WA mpupa Do
manuf act ured sppariibh ®alwhicl fits witkini dpeninger Mpyddwad i DB 1HRG5TbERS cRathsd at e
size, 5 esifed substrate support, etc. Thus, lead tinmes fromorder to
del i v ery m&lg be{“ tcrjle emti)odlmem shoan, one end of thc support arm 80 joins an outer surface
of the substrate support 70 and an opposite end of the support arm joins the -
portion 92 of mounting flange 90. This arrangement can take various forms
such as a one piece arrangement wherein the substrate support, the support arm
and the flange are formed out of a single piece of material or a plurality of
15 separate parts can be 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
transferred 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 surroundirig 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

- 11 -



cut down consi derably and changes in orders or cancellations can be nore .

readi | y acconmodat ed. Wth respect to the design flexibility,

a uni ver Ss@fo sZagepger housi ng can be fitted with hardwagusmperent s

whi ch cooperate to carry out a particular 10 process such as plasna
etching or -deposition. Al so, such a universal chanber - housi ng can be ™~

retrofitted wifidin dhd fippentsurfareenthe tsabsiaicaippyrt J0I Fhediubp@t arh 80
process, and/or process different substrate sizes and/or utilize

di f f er ent SUPRQTHsihe ap@t@wpwt Mria the njerios 30 of (Hhsrplambes U9 sigh “Pﬂil udes
[ h f
wni oh 19 acAERAGE PEFRN ol Bt offue LEAOR EAAREA BN EL B URA Ao ©

"modul arity" surface 32r Eatthqr, ttmchmmm 921andidw1,urﬁam fbﬁmng&rp\znmgnlg ae
retrofitting the chanber. s Lener source,
vacuum appar atRgeferay EaPP"&f’é‘ %ﬁﬂ%‘Ftd "é’tgfcf)ter har 15% e » Coffr %ég edfEhedieo be
nmounted to a | f RS, eit is
desired to usgﬁgB%{Sﬁ #ﬂgg@&ggg&ﬁ%m{ on?glrl%nﬁgﬁ%]he st?ar?{jéhrc |°zrg§)h?%0
i nt erface por tandisurfacesptefining| cmehmgalﬂcmiddattapdrﬁbﬁtmﬁtubﬂlemd maadaiptaer
har dwar e to Cfgggl‘ he nodule to.th dard |nterfac%port
The i nventi on 2F¥HRy§ °té?’°ﬁ? WBW% b‘FS gutgrif. a
sem conduct or [ shoWiGR ddfied Bk S QAR B lrs H@f% i.gpl ay
substrat es, etrg}gbs'cl'e%ega? P?WP | ow i g achslc)eved Ipﬁ v|c§art 3“%?8350&?%89& sgzfr‘s’ge
outl et 2510 paptfitiwithin a@rdom 19 sw@h exterionof the dhembgrrﬂ(bsurtd\mduigathber and

nounti ng the |[s4b€ esu otrt on a s ort armvmwilrg {o'wdes .
m ni m zed i mpcPEAICE 1, n ‘ort I1'P SRR HpigC CE%H‘ By P}es' fith respectxw.
to gas flow acyepfsent the cREMBSSfbusing and :wmbaﬁaeqﬁpﬁdmmmstyr 8h RF

"According to one aspect of the invention, the chanmber includes an 30

openi ng i n t heshisldingahembel sursoyndsibe vaquugusest r at e support extends through

Lﬂgnber sy C_ﬁpgn' GERE Bshobd BE sitRIREAbYor BibEhEE vithid B inliHdF 380t Fhe t N€

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 tﬁe mounting flange 90 for passage of service conduits 82-86

20  therethrough. 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 mechanism (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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PCT/ US97/ 09027 mounti ng arrangenent allows easy servicing of the
substrat e sweeesn2ssi nce t he substrate support can beperkisondo27
removed fromthe chanber through the opening in the sidewall. Prior
to the invention, it was conventional to nount the substrate support~.

on the bottom waloistut duhef tecevitpviac emBommpphdmbelectzioal pdwer 15 compbaerver
was evacuat ed by_one or nore vacuum punps connected to outlet ports
in the sidewal | Obtheisybsiate SHRPATof t he bottom of the chanmber surrounding-t he

substrate support. Spgbs .4 NG9 IR HnBE AU ohdrn HHAB LKA aifY 36 WalchED Of
t he chanber and nmake servicing of the substrate support difficult
and tine bapren tiecnmourting flange 90 ahdvthe wubstiateonppait (7. dliewber, faccor di ng -

to the present jnvention may be, used for various sem condyctor -
pl asma proc@ssi h‘égcsf raley) °r8§h‘g‘[ i ipport arm ca“d??p‘lfg?"??‘iﬁ’,“e?ig‘gg tween

stripping, etc. AnuBxaI®Pseppeft aaxdvtaewﬁnﬁh%mﬁgej 90, 34 $4ehCsn embodimedO diavi ng
an inductively- coupled plasnma source is shown in FIG | whereln

processi ng gas abovsudepdribed seryiceheongnits amyibeglisttibutod mmbag e pluiral aiping.
apparatus 15 such as s.distribytion rings,..qas distributiagn plate,
i Ir[:Jpect i on nozz| BECAUSS @?e, H@HW"QF supporl AP A i"?“%%ﬁ tRURfedea 4 ﬂ“ﬁﬁé‘ﬁ)‘?"ﬁ‘f‘@gi or

30 of the chanbfihngdy tfeUdubaiedte siFforUstI retains the WSRvARERE JF baing Ry t ed by a
nodul ar nmounting arrangenent connected to a | arge outl et ‘port 20 in

an endwal | 18uchrempved donesrvigeabdlity pflexibidity enheateéittingT Weurther, in orderdtaiprovide
processi ng cha r 4 ower through an .external RF.20 .
ant enna such arsTR 5 cﬁ?%ﬁ%%%éﬁﬁﬁé%?g‘aﬁgﬁéx% o Bpl Perdoull it e, - S

endwal | can be provided in the chamber in a manner such that the RF current generated

i

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 substratc 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 substratc 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 dielcctric shield 50. Also, the
arrangement shown in FIG. 1 includes a conical liner 54 extending from gas
distribution plate 52 and surroundiﬁg 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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such as the top of the chanber. However, the plasnma generating source

can

be of any other type of plasma generating equipment such as that of
an ECR  woonsrggctor, parallel plate reactor, helicon reagdftsorgslycal

resonator, etc. The plasma generating source is attached to a
nmodul ar nmounting arrangenment such as an 25 - annul ar nounting flange

which is rendvaéfcrabliPiapdly OF the fineh siabict oPflinkhs4. The Fas 813@1PaAbn pldle OF
to maintain a vacuumtight seal between the nmountin | ange 42

t he chanber 102 iapludey thiepahehnlicsslor Prising/Propgss gas o t¢ p spne hetvloryl |

t he ‘chamber 10, .an .RE_shiel di her 4 h |
bue to the | atigeaf fiffied 3o ehd aRialon Hu® S AR ehy ey B2 0HEGE
necessary to lnitted @nd pedcessess dotild bBd sipplied By oftRr ¥Ry fieling driaAp&fets tO

chanber 10. Instead, the nmounting flange 42 ctan sinply rest on the end
- of 5 Further, the cantilever chucking arrangement according-to the invepipm gam be 28

PCT/ US97/ 09027utscd ]yviEh anyt\pd%u&rng:{mgerssiﬁg ch&rﬁbq??d%&irgg.d’ the mounting flange
or another part 0 he astia generating®source assenbly can_be

hi nged to the chamgcotding tesbnd Agplect of the inveatie, 3Si¥EpogsibRItatasskEntlO WF CE
be pivoted to an orientation such as a vertical orientation for
servi ci ng t he TEPIRes thsPlama gencrabing (sgpise singg the pjasma generating soy{assiapdice

supported w t %Pxo&%ﬁ GHAHRE o A é}laﬁ’sﬂ%fhg?xtrﬁo&}m%&&m%ﬁ arrangemdfl! Fbr! S
renmovabl y supporte ¥)y a rméul ar nounting arr angerreni T enPa _

10 - instance, the modular mounting arrangement can support various types of
plasma generating sources such as an electrode of a parallel plate electrode
arrangement, an inductively coupled plasma source, a helicon source, a helical
resonator, an ECR source, an upstream plasma generating source, ctc.

According to a preferred embodiment, the plasma generating source comprises a

15  planar coil such as a multiturn spiral coil exterior to a dielectric window with an
optional gas distribution plate located below the diclectric window. The
modular mounting arrangement thus atlows the same chamber design to be

- customized for a particular processing regime such as etching oxide, polysilicon,
metal, etc., deposition such as dielectric films, 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
receiving 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 the chamber.
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sidewal | 12 of the chanber 10. The substrate support 70 is at one end of a
support” arm 80 nmounted in a cantilever fashion such that the entire
substrat e wo 9ms7e@8pport/ support arm assenbly 70/ 80 can be reomUsSay/©02¥M t he
chanber by 10 passi-ng the assenbly through an opening 14 in the sidewal |l
of the chanber, as shown in FIG 2. The substrate support can include™-
a chucki ng appaTid hodsMe mounting aasngzmeat foanhe plasma ggnarhtingpsohfceaalsd alowy

bi asing el ectrode 74 | oc tﬁd ina central portion of thg chanber

bel ow di el ect r i SigFERY 835 &9 aFEPRFIE- Epr instapce, the process gas Fafy %B%qgﬁus ~can
comprise any s, iy ARASIRAL pRHCHcSs B Hite SCHRA HE fIc_monopol ar
chuck of an electrical Ty con uctlee mat erial such as al um num

cont ai ni ng wat eAltematively, theprovessgasnmbuly brisupplied by otheo arrangenednty such as

chanmber or mul ti pol ar chuck havin |l ectrically conductive ectrode
covered g | \/\?‘i‘?lwgrampé’r’y’a?gusoqav?‘]ﬁ\s/gb Pg‘ﬁﬁﬁ{f; o&rglf’é%f* é'i/cr%‘ﬁgﬂru‘iéécﬁpﬁﬁ%gr.ocess >
The chucking argang REGRY iad8 bbvdeRtnd SubRik AR B adthndsRA i n a 20

pl asma or non-pfasnma environnment. Thus, while a specific enbodi ment of the
i nvention is descri bAdcdrdingwoanother efpecicofcthe inveatiomutis nossitiletto assgmble

sem conductor substrate in a plasnma _environnent, the substrate suppor
assenbl y oL R lRCR ity VAHY e mﬁcﬁ%}agﬂb‘é"aﬁ%ﬁé@gﬁﬁe 8&%@?”5?‘% etég
chanbers. Furt hgfounh\umping mechiti&rki A8 bRITEABOLYIE Bitachiad td tHeQihafiba By @1) a
mechani cal clanp, (2) a nonopol ar 25 ESC or a bipolar, multi-polar or
flux-1ine HSC fmodhlar diovgting pirangement oForasienes, the modulay mgpetingct ri ¢
substrates in a_plasma  non-plasma. vacuumor non-vacuum . environment
or (3) a nonopo?'g?rfgﬁgﬁhﬁ‘ 6" ﬂ%’?ﬁﬁ NG aeiReY ?ﬁOE“é‘B‘SsW‘B‘%«s meghar lsr%gsamlh &

gl ass panel s usg@idicdpakity) thagheticaPp Iefita@i 3@ibaMDlechlar @uﬂhgaﬁmg@wrﬁﬁﬂ@e”t
wherein the plasma is not used to supply ions to the substrate surface for
30 purposes otapacityef 160G ta 3000 liters/scednd. pi prefarred NpUSHERUTAR itp BYPTT c o

el roult FhARGICHIRAD BARE! vt niBSm A AN RS irk HoRE Soctidfi ndS

part of the wal
15  a molecular drag pump in a rear scction thereof. Such hybrid pumps are -

.
T
.

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 plasma 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.

-15 -



WD 97/ 47028 .
PCT/ US97/ 09027 t he pl asna processing chanber. Whether or not the

ESC provi ¢asogmr si de gas cooling of the substrat epctiQosigsbst rate -
may be tenperature controlled by a water cool ed portion of the

substrate support. The substrate support can have a ‘rectangul ar, e~

square, circular OFA@*.HWn AIEIR 55 thel abkaté QuppireT@indthded @ waterd ¢odlddar 5
substrate to be cl anped An exanple of a cantil evered chuck
assenbly in acdentiesiatie chipaknl 20nHemovably meunjachen asuprort hensing H2-| the 3. The

ﬁzzﬁm) lné :c P;L;sglevgﬁapa?sﬁa%sét%aé ?ﬁtﬁggg%e}v: e COna}m 2 83 (r?olf%ﬂgwk)pgéei@cgglo | ch

fits w thin opgghRfackAefines wigitte shppert hbﬁk&ng)ﬂm:efrﬁe efvurtifg fladge 901 n the
enbodi ment _shown, one end of the support. arm 80 joins an outer surface

of the subbtr g syppRybAHM BE farm an AntsBwbRicce Whih 'éf“cil‘h‘lg‘)é engsged “a'ihnﬁhfm ns
the POT t4ufor? oRind P20l £ Guitdofi Atk sulfll b " (EAGHERT bofid (e.b K

various forns as a one plece arrangene £ vvhere| n t substrate
support, the swlpobrazeireo.) or by meokartidab fdstemerseinawieict oaseeah ouingof a single

pi ece of material or a plurality of 15 separate parts can be attached
together to f gruprounding ap Kb @U@ﬂl%ﬁﬂﬁrﬂbﬂ'ﬁér\%ﬂi’me in paratied 2EQnyss Peteer uppor t

i ncl udes a- re;l%égpédes gﬁgcyavggguﬁq&#m §9qﬁ0| es*t“?’ﬁg*‘%“ m%d22as an ESC, RF

bi asi ng el ect e or electro t pin bac cool i ng
gas suppl y0 etc. In order to moniws psdresmparamete, ofie ot ere haxiliany podtsi ncl udes a

Subst 1ot & oAl i zb a8 148 2 U O P S B Sl ef
direction such, BgngnliPptobe Bypdts VaRk] £ taRimbies Blaskd BiakRcbRes, Qhser
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 lgas 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 the 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 sealing interface
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mechanismin
can in

to and out of the interior 30 of the chanber. The chanber 10
clude one or nore guide pins 18 for positioning and/or guiding

the porti oW®@%/M47028  of the nounting flange 90 into the opeRCRFSININAL
shown in FIG 3, the 25 nount i ng flange 90 can include guide pin bores 94

for receivin
interior 30
32 and an an
The portion
havi ng edges
cylindrical
exterior
periphery of
PCT/ US97/ 090
70. The supp
interior 30
substrate su
Furt her, the
preferably t

when t
of the por
fit. In orég

flange 90 an
| i.nes). can b

20

25

30

g the guide gl ns In the enbodi nent shown, the
of €HEPRHRSH

nul %{rf#ﬁtetﬁ&g?n Yhd @(-:ﬁl%‘:]né&z %eroﬁlldﬁgt} NBod fAStance, the S4L VaIvePARt 20-

92 tlng udes a curved
98cashincindk iacpaatennef edize(s.gafa toleofdoP doltsionleach midenst RO

> funiss for FGIRE 208 E5EBOR (1 10, B FIRIEG ADSVish o FRrone O-

f sefiny qhd '!@aéﬂlé’ldmﬁ memb¥P Rt BeiRech. For alignment purposes, the

27 fromtfRe support surface of the su rate support
or t vaoummBpump 100 canppettached acsthbet nhatchamhqn'ptﬁ br @60the rgatehe

of the chanber 10 such { hat t he qu peri phery of the
ppo?’*{]"‘F(si 68@&&@0"%“%8({}'&5 whergine ﬂ@‘l&crfﬁrt %a?ntermg Tng G&“f HER 32.

POl rét8s28 §h B sédjgﬁﬁ&:@§ of HeMARRuMRRMp Shdlthe Fafe valve or
Fliﬁ, e.g., ?%0 : ﬁ'hus,

apered at an ang no greater than
he ¢hambeon Iﬁ)tllmpxocress toeblc sedt inshe pleambeg dods nothrequiet lavg sur f aces

on Henr e TS DG S B B AR b Bi Sni e

d thfi heakRfberléan B mbintained at o ddifred BRissIRE by MSEhanitafl Bhinpd

e provided around the portion 92 so as
attached to an auxnhary port such as port 144 in the s1dewa|1 of the chamber.

Various substrate supports can be mounted in  the chamber 10 depending

on the type of substrate (e.g., flat panel display substrate, semiconductor wafer,
ctc.), the size of the substrate (e.g., 300 x 600 mm glass substrate, 4, 6, 8 or 12
inch wafer, etc.) and the process to be carried out in the chamber. Depending
on the 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
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
pins are mounted on a lifter plate or are individually driven by cable assemblies.
For larger substrates (e.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
commonly owned U.S. patent application Serial No. 08/623,880, ‘the disclosure

of which is hereby incorporated by reference.
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10 to fit within a groove 19 on an exterior of the chanber 10 surrounding-

t he opening 14. Further, in order to mnimze differences in ground
pot enti al wo 974708t Ween the chanber housing and the substr gbenusvneess
assenbly, an RF shi el di ng nenber surrounds the vacuum seal .

FIG 4 shows the substrate support nounted within the interior 30 of the 15™-.
chamber 10. The mun%ﬂgoﬁaé?mss%e i€ AhylR dRFEa I Yormfeb g hRehdrfcal pulipt er i or
of the chanber 10 by suitable fasteners such as bolts but such fasteners

can be oid aw euxibikrycport ietheidawalinidhe gbambsy. Hee instangern pawpm line

adequatel y seal n h nb‘
A servi ceycondu?‘t °Ea‘é§‘a3dé °§1ﬁ$ C}’ 1"%) cga?%l‘:&gﬁ& ‘?’)ﬁ"é&ﬂkﬁh!’ﬁﬁda?% Irigg1 98r
for passage of $Bmpingedsiai tHei dhambeér 36 paer to adma@mgm@ugbums%mpcmmomw ts
83 and 84 can be connected to an external chil I er whereby

t enper at ur e Sconttr WY bagesirabla tp wbstiyic »mesbanieah pymgHn irse of the vaawpst r at e
support for mainfal ”idbgint\gﬁ ﬁ%nl%eéug%ﬂfe%mﬁmg@ ?ﬁ%e}ugﬁsé gL &s%g?{a
5 ®f £ or

during processi &

a su ervice con can e use

suppl yi ng cofnecaip Giedinlit €e.gQ Mt inch injery of thel inecthaizkispuirp of thehgate valve
substrate. For instance, conduit 25 84 could be used to carry
pressurized hel ilihog directlin il thedatgen ¥aguMm PRIt Bbst r at e through 1ift

pin holes 76. Servic IQPPEIF%&TO g%&ggﬁégamy f‘ﬁﬁlﬁ%bﬁﬁi@l Hené’nsgvn e

pneunati c actuator o I sm rate

support. 10 ubsd fdrdﬁ)tmpiujetbhingﬁmomﬂdd)hyelse'ﬂletpidma:)gembeatﬁg soaweri700 t he
RF bi asing el ectrode

. cour se, seryi ¢ Wi t.s I ‘
be provided for "écé‘l“ieéu’qu‘ﬁ%f’mﬂ%g sprved §‘E&§Wg§ ﬁb‘ﬁ?"?‘%ﬁ ﬁ& ﬁg%ﬂ@ﬂa‘tg(ﬁ:‘r%g of Txa
the substrate s‘fﬂ?@f&rl&r of 4 Sﬁfééfrﬁ: Eylmtdglel%) Procesgagiﬁé o8RRI iRG @as.

supplying nitrogen or clean dry air
- 12 - cylinder 176 and energized into a plasma Qtate 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

- supplicd through flow passage 186. The platc 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 cyliridcr 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 attached 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.

- 18 -



WO 97/ 47028 :

PCT/ US97/ 09027 noi sture out of the service via, and/or supplying

el ectrical WOM547928 conponent s of the substrate supportPCT/USI?/09027

FIGS. 1-4 show an arrangenent wherein a single support arm 80 extends

bet ween the nounting flange 90 and the substrate support 70. However, for ™.
5 large substrates, Apsprding inadushergspenttof aherinvantide ipisqpassible ©xiseardblag

bet ween t he sutfstrab.e sup, e .nount i 0. In suych an

e orbagdt n flaneg Sy
enbodi nent, the °F TP 8"’d‘8s‘§? B Yer fdés%ﬁﬁ?dﬁﬁi“s‘hﬁéfgaw PR it BLit ed
among the pl ural pa¢siBie to slide a PReAYE BrdcB @&ﬁﬁﬁb@ﬁhﬁiﬁpﬁﬂ@gﬂm&s@ of

wi Il be coupled to a single nounting ange, the su rate support
still retains théntedhs eharebrsandfhobd theglivexgn ipjaceOvith suitableefasteners or simply by

servi-ceabi liky, flexibili or retrofittin Further, in order to provide
RF current -rét ur ét%cif'?%?tcg}é?'rme‘{'? GCCeSh 8%y ~Thsy MncE car inglydg W““E@mtﬂg\?e

ar s can behRghoatighewith vatiBgs 6PEHIRGY in! e RhARBEET ASHTd:

current generated in the substrate ‘gupf)ort 70 can be“é?gtﬁr#({ggr'?g t he

si dewal | 32 by ofmbediment.dhe liner isaupported empegyinbthe whembehandshelé i lplacd hyand
t he substrate support aggitihorg}?l armor arns could extend
or the plas

4£0. S 15
i nwardl y from t he&esPaduas poﬁﬁ&gg]agrr@}xﬁfgbe@ Basganetating Souresnokhe Impr
when the subst r afuciRab @8R tympfisd BHEVARKNT BOSOBroLER colmém_ﬁbfa%gégngl .éd&htagﬁae

sidewal | . Alternatively, the substrate support” 70 cou I nclu
or nore ar md0ext Bt g8t dyrainumh & diclenttio il (et lquane alindimaphlundRum

when the substrage.suppoyt enbly .is inserted . in the qpeni 4. Since .
these 20.. arms h@?%’%&p gvc?)ﬁedgr%gé%é{erg.cgqoc@egﬂw :etéing(gﬁ esatelce  we
conduits, they metal !inbi,KEMa?Q'ldi@_?%@ir_ic%ﬁﬁ%tit B¢ be Rrdithided. FRahbY, §h® inéahe

e i ncludes a

substrate support. chanber 10" shown in FIG |
pl asma gener at i n¢pd@glude 3 ygmperaturetdeptrpbmechsisin Sucheas onenompinareapassages fohi ch

transmts RF ENeHEY c;fhar &mrmu%l c%%rroi ﬁuid, 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 thc.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 support 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 appfoximately 0.3
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w ndow 50. In order to supply process gas to the interior of a chanber, a
gas 25 distribution plate 52 is provided adjacent dielectric shield 50.

Al so, thewo o022’ F @angement shown in FIG | includes a copéf,ﬁgg.},‘%gﬁr- 54
ext endi ng from gas di stribution plate 52 and surroundi ng the
substrate support 70. The liner 54 is tenperature controlled by one ™.

or nore menber $inkf, Woke Preferibly AFProfEndEl§ i IABCES times, and ARSEpBferiblyi d
passages, etc., for controlling the tenperature of the liner 54 30° during
processi ng of <ppoximately eqpal toraidreates thawiherprossoepionalash oRthesshstgiei nt o -

the Tiner 54 Ofoldlt QB Dk port "ol tikhed SELRARE Yo Bhe ERBoRMICAN SRt 'S

PCT/ US97/ 09027 invention, th flelesradah benas @ time the lteosds RB@TonaLAkeaGE urf |1 ner
54. The gas_ distribution plate 52 includes through holes for passing

process gas suspbstiale upperts e throsunéasn of the outer paripbenyi of the supporé@mand gas
51T o Dt o UGS S e e PTG 00

gas coul d be supp gas eding arran

cantil ever chuakicagt HRrindhgpreferablgce déasi M the thitlebyetheisGppsifarmhe 4
used with any vacuum processing chanber design. o According to
one aspect of the i A& Fa5k of psubsirate,suppgrtdor an 8 da@hsnmicenductor waferheace

e e A o 8 Sonpe B oA I WA DILAEEET O,

10 diameter opening sealed by a suitably sized gate valve. The support arm is

~ shaped and sized to minimize pumping asymmetry. For instance, a circular
support arm can have a diameter of 2 to 3 inches or a non-circular support arm
such as an oblong or rectangular support arm can have a cross-section which
varies from 2 to 5 inches in width.

15 . The annular gdp between the inner surface of the sidewall of the
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 casc of an 8 inch wafer, the substratec 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 support 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 decreasing 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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10. instance, the nodul ar nounting arrangenent can support various types

of pl asma generating sources such as an electrode of a parallel plate
el ectrode woO97/4mr8 angenent, an inductively coupl ed pl asna SROIUSY7/08027°

" helicon source, a helical . resonator, an ECR source, an upstream

pl asma generating source, etc. According to a preferred enbodi nent, ™.
t he pl asnma genersichray sswliecthag abputi 6% inchébin dipmaeaand/or nakinghthéashamber

I ti iral, coil exteri di i ¢ wind i t h
opti onal | ga d SEHIEL B etk A0 Bmhin HETERE ect i 6 wi ndow. The
modul ar nounting arr ange MBat arb bstwakn WSsubbPats IFFHorAIORE vE&RINY PoftQs be

custom zed for a particul ar processi ng regi me such as etching oxide,
pol ysi | i con, prefasghlylargen in. arcaithandhe penlarflow arcadietwesntthe sulfstrates, etc.

phot oresi st gtripping, atc, . ] |_ar, untin rangenent. .can

conprise a rr%unt%&o'glaggéée ls"éghs'gg‘wlg%ggrqgceé(’fstﬁ%%arﬁ‘tﬁgF?g "fg‘mﬁﬁr\/\'tyécr, t he
wi ndow 50 or a pitaibepbideWall Rha SUBsLARBSIadr 46 separated BPUI T RicRSH88Bhuigou! d

" be nounted directly on the endwal |l of the chanber 10 1n whi ch case

the mounting ar r&afpgélmsﬁistambfdwrﬁmFhsrpréldaﬁllmfrthmgu;bsmtgrfﬁ!ﬂﬁﬁ and vasmmeggﬂvi ng
her cbet veen - Prereratp bl 35feleRne Y 4 o R0AES T nd B hE e g

pl asma gener at i nigetweett e, subdteate support afidCkicatim Pow tHenshtér peripBeryestithé or t he
pl asma generﬁti ng source allows different antenna designs to be used
g

for generatilflg pfnssal ofthe substiatenanpport dacing the vacuum port candegepnded @ichi eve a
desired spacing S J tenna,

t he pl asma gener%ﬁ‘}rﬁggggig?@ee %%ﬁh{%:ﬂ’gpg g"?‘g‘gﬁ{’fgﬁf" fﬁ? @Bgn@h&e'&g? 219% Flae(:%gm =
wi ndow and ant enpat & lecatkd dabbe raudad loy tapsted. t he i nterior 30 of the

chanber .

-
~=

With the foregoing relationships, less than 10%,_pre1f§ra_bly less fhan 5%,
and more 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
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 Usec.)
of the vacuum pump. Further, the pressure seen at the substrate surface will
20  depend 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 vacoum 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 angle
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WD 97/ 47028 _ .
PCT/ US97/ 09027 The nodul ar nmounting arrangenent for the plasma

gener at i ngyeoidresm al so all ows - di fferent gas feed arragpeg®indes27 -For

i nstance, the process gas can be supplied t hrough a gas distribution

pl ate such as the plate 50 shown in FIG 1. Al ternatively, the I
process gas CObkthel® ttrelgubktrel sipypodt 7@ andia hangenkallp ofiembd sidewbll 190ne or

nore rings having a plurality of outlets therein for directing the process
gas inwardly i 88 @menerwwné%%en lgsp, dlogy, pace due tuthe reduccd sizerpidhao.
According to apo%eqee'bdao?%ecéha%be} Qﬁd 'amf@?%;éc%.@s to the 'eﬁth%&?eﬂqmr c;fﬁgggsse.nb le

or replace the vacuumpunping mechani smfor evacuatl ng the chanbér since

t he Vv ac vhathiidi Spiroghdingg tharsubstrat@suppertt enovabl y attached to the

chanber by a 10 nmodul ar nount.i ng arrangenent... For i nstance, the nodul ar

mounting 3 ar r dYRjleniBR dnyerHoR fahBran drasritsddn delpdlwigh refarenesidunpi ng
mechani sns. suc : i - Iy éqﬁ? i AV |

t ur bonol ecul ar Bﬁeﬁ%ﬁedh%@?or%ﬁgﬁ%gﬂ%ieﬁgﬁ%ﬁ% %&%%ﬂ%#lﬁo%%gqgoﬁﬁ

| i ters/second. vérigrsathangesctan de umadep amp equi vaerity bmpltbyed without departing from

t ur bonol ecul ar/ drag,pu havi a turbonol ecul ar punp in a front section

and 15  a rofReciml and seepgohiReiIRVEROBar section thereof. Such hybrid

punps are avai | abl e from OSAKA Vacuum and Sei ko Sei ki, both of

Japan. Dependi ng on the process carried out in the chanber, other

types of punps such as a mechani cal punp, a cryogenic punp,

di ffusion .punp, etc., could be nounted on t he nodul ar nounti ng
arrangenment. 20 FIGS. 5-8 show various features of a suitable T
nodul ar nounti ng arrangenment for a vacuum punp 100. The interior 30

of the chanber 10 is i solated fromthe vacuum punp by a suitable

gate valve 110. The gate val ve 110 is nmounted on the chanber 10 by a

sui t abl e nodul ar nounting arrangenent
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and the vacuum punp 100 is nmounted on the gate valve 110 by another
suitable 25 modul ar nmounting arrangenent. As sho in FIG 5. the upper

endwal | of wne7/47028 chanber 10 ing H&egHE HASCEERNe sur f CFRISHIDORT °
g
LN .

provi des a vacuum seal i ng - i nt nt with the plasm

uter recessed surface™.

generating source assenbly. For

58 includes a griWVHATISCRAIMED #8: whi ch engages a sealing surface
of the window 50 and the inner recessed surface 59 30 i ncl udes a groove
and an Oring for engaging a sealing surface on the gas di stribution
plate 52. 1. A vacuum processing chamber having a substédte support VO

97/ 47028

PCT/ US97/ 09027 removably mounted thereishii cantilevecfashiontaeampsisingt r at e support 70
i ncl udes a wat er cool ed , I r .| C: 120 vabl v _nmount ed on
sn_LPﬁté-ate sugpo%}nogﬁtléatxﬁ %n ?ﬁgﬁgr a V£°t%g?‘n$'2’°¥"sﬂ'%v'

a support housing 127 service passage 91 con g Service
conduits 82,83 (ch@mbefiown) opens into an open space defined within
t he support housing 122. The nounting flange 90 5 and support arm 80
forman integral pied® eishing ing sidewalhef the chgmbers the eneningebeing larges epgyight
housi ng 122 in i PERARe. p -
wel d, braze, et 39)5‘“8&8‘%%Hech%n{uc?§#ﬁp %s? éﬁé?‘gedl ﬁéﬁmﬁﬁgﬁﬁ%@@%qgﬁﬁgﬁ r“?eng
surroundi ng an Hpesingehsi ng nenber are interposed in parallel grooves
bet ween opposed surfaces of the support arm 80 and . the support
housi ng 122. a mountmg arrangement extending through the opening and removably
10 supporting the substrate support in the interior of the chamber at a position -

located inwardiy of an inner sidewall surface of the chamber.

2. The vacuum chamber apparatus of Claim 1, 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

15  substrate support including a chucking device which clamps a semiconductor

substrate on a support surface of the substratc support.

3. The vacuum chamber apparatus of Claim I, wherein the chamber
includes a vacuum port in a central portion of an endwall of the chamber, the
endwall being separated from the substrate support by an open area, the vacuum

20  port being connected to a vacuum pump which removes gases from the intcrior

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

4, The vacuum chamber apparatus of Claim 1, wherein the mounting
arrangement includes a mounting flange and a support arm, the mounting flange
being attached to an exterior surface of the chamber, the support arm having one

25  end thereof joined to the mounting flange and an opposite end thereof joined to

the substrate support.
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10 In order to nonitor process paraneters, one or nore auxiliary

ports 130, 132, 134, 136, 138, 140, 142, 144 can be provi ded for use of

equi pent vig 647088 0 h bypass val ve, aciRzeN8s0es ", ~
pl asma di agnostics, | aseI{ﬂ W%ﬁsé%éggrg%@l nt equi pment, etc. Such auxiliary
ports are useful for chadhers & r research and devel opnment but ™.

sone or all of the orts Ehervabeurdrchhinber appaaniksSof Cﬁhﬁﬂb%en&emcimomnng
production environnent In order to sup

distribution piflange Grludes @ Rpgton fitted in therqpepivgdn the ﬂdcwﬁl ef msechgwaere

bet ween the substrate 60 and the gas distribution plate 52, the

endwal | of the chanber 10 can include one or nore gas supply ports 150, 152
whi ch are adapted f@. corfhectacoumtohambert sgparangast Clajiplsi edereih thepopehing

150, 152 20 al.low gas to be supplied to a gap.between the w ndow 50 and

t he gas df é"cPPT UTF thab (he EP“S‘E‘g decreases in size ‘“ﬂq@@‘i&ﬂﬁ%‘f’af% agan

i ncl ude support the chEBbdid thd SHBERL! d 88&h th ﬁ-[gaéiii?ﬁf: a
support frarre lr]ltgﬁla‘gﬁovm) P d§1$|€6m gu@% th&?? ane . ctaﬁ T?ltc ude aee‘j&
first section shlqnppmnmglgndtim pdnmrbprovm atgeredfr at e nesting section

supporting 25 t he vacuum punp 100. Such an arrangenent allows the vacuum

punp 100 to be retracted away fromthe chanber 10, thus all ow ng
servicing of the vaeyum -he yacuitdBhafibef SHaH&ENElath 5t %emevuhm.banot her
punp on another nesting frame section. he gate val ve

110 and vacuumxpumlnslmnenr@r ayhradﬂveu sur&wt': herrgmmthewbstram sum0tth§1cs ane
manner- as the plasma sse d_ t bstrate
support assenblcﬁpcﬂ@gﬁg? %?m%lﬂ 6 % Th n ?%p'g?‘fgo{'ctge cylmdncal" .
- 16- 10 surface, the portion including a curved surtace facing the interior of the

chamber, the curved surface having edges which lie along edges of the opening

. in the cylindrical surface.

8. The vacuum chamber apparatus. of Claim 4, wherein the support
arm is sized such that flow of process gas through an annular gap between an
15  outer periphery of the substrate support and the inner surface of the sidewall of

the chamber is substantially uniform.

9. The apparatus of Claim 1, wherein the mounting arrangement
includes a vacuum seal sealing the opening and maintaining a vacuum tight seal

between the chamber and the mounting arrangement.

20 10.  The vacuum chamber apparatus of Claim 1, wherein the chamber
includes a modular plasma source, a modular vacuum pumping arrangement and
a modular substrate support including the substrate support and mounting
arrangement, the modular plasma source being interchangeable with another
modular plasma source, the modular vacuum pumping arrangement being

25 interchangeable with another modular vacuum pumping arrangenient and the

-
-
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WD 97/ 47028

PCT/ US97/ 09027 corrpri S+H6 O-ring, a groove receiving
the O ri nowyissezseal i ng THIS (FHERT HAS 8EE g t he O ri ngpCTMUS 09027 -

groove. For instance, the gatfe val REPLJAUED 1 can include a pattern of
bolts (e.g., a row of 5 bolts) omeach—stde—e+t he chanber- for Tl

attachi ng t he gaiceiulanlsulsstaidsippott fbeinghiateochangdhbla with ahothenriodolae stibstrate
ring and RF shiel di ng nenber therebetween. For alignnment purposes, the
vacuum punp 1005¢RA®™we attached directly to the chamber 10 or to the gate’
val vé 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 val ve or 11.  dbankevum chamber gppabsoftCaime 1ushdreimthershambanber

does not require |o ress re, the vacu ort 20 an be seal.ed with a
suitabl e seali ng‘%‘l“ﬂé éWélE‘( port for ev“ﬁ‘fﬂﬂ‘"ga}é %ﬁ'ﬁtﬁé thEa?H BEPIThPHNEIMAR at a

desired pregsur gndyalfofBie/@iaibet sdpdfied from the §ﬁﬁsﬁﬁfée§ﬁpb8rt% zﬁa%eh'@h&'e port
such as port 144 in the sidewall of the chanbe Vari ous
substrat e suppothessubatnath supparhbeivg separdted ﬁhmlhersldb@aﬂeqjeihdlchgnber by an on t he
type of substrate‘_g gq flat panel display substrate, sem conductor wafer,
15 etc.) t he %8¢ ér ‘the substrate (e.g., 300 x 600 nm gl ass substrate,
4, 6, 8 or 12 inch wafer, etc.) and t he process to be carried out in
t he chanber. Dependin on the process, it nay be desirable to use a
mechani cal clanp, an l%SC dihegrapygum chambergappatstuscpf Glpise 1. whereiy thecohembay
require di fferenﬁcl‘ga%grel%gd Ilr ﬁl%? ﬁgvgny F\ﬁ)@tohgg within thefa}aﬂlé)egéﬁgﬂsuate

Further, in mul processes erel poesSition 8ost r at S

i s changed 10t he isokidihg ah Qﬁsnmg)angnearwnh &5 Spepiipcinatht Bidiceal 'of ¢hé Bamber,
I nclude a tel escopi ng_nechanismtq adjust the position of the substrate

suppor t the epening ingthg, ligerskeiag @ﬁ;&%mqghgo aHawcibe subsirate supperhtgap f or
nmet al et chi ng, ?;a&riherethro tgap for oxide etching, etc.). Aso, the
substrate support I nc de a pinlift arrangenment such as a

pneunatic or cable dr| ven pin |ift nmechanismwherein lift
13. A substrate support which can be removably mounted in a
vacuum processing chamber having an opening in a sidewall thereof large
15 enough to allow the substrate support to be removed from the chamber through
the opening, the substrate support comprising:
a substrate support which supports a substrate on a support
surface of the substrate support; and
~ amounting arrangement attached to the substrate support, the
20  mounting arrangement including a mounting flange and a support arm, the
mounting flange being attachable 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 the substrate support, the support arm being
adapted to support the substrate support in the interior of the chamber at a
25  position located inwardly of an inner sidewall of the chamber, the substrate
support and support arm being small enough to pass through the opening for

removal of the substrate support from the chamber.

This Sheet Has Been Reraced :
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25 pins are nounted on a lifter plate or are individually driven by _
“cabl e assenbli es. For | gy -rhg. 9., 300 mm wafers and

gl ass pan@jgoireespi n i ft THSCREER SRR A UtY i ze a tpepesdriohizzpi N
arrangenment wherein the lift pi s ar eREPLACED | ed on a circle and spaced

120[err] apart, the lift pins bé ndependent of each other and ™-.
individual ly drivenldy aThebttstraessppory oA Cladinstd, sarekin the3substraoruppory owned
U S. patent applijcation Seri al NO 08/ 623,880, the disclosure of
which.is her ebipciuded ap slestresiatsy clamper ence.

- 17 - WD 97/ 47028 _

PCT/ US97/ 09027 For sone processes, it may be desirable to

connect a mechani callSpunibhe substrate suppam ofiNaimi HY, wheoain thenmbbhstingy davgel | of

t he chanber. For instance, a vacuuml.ine .. [such 3/4 or 1/5 inch
ey coul d” be MBS cBE LA Pty o ppening pghe Siaewall of girehiapetionn  he
chanber 105pri @fe fdiic béingiapased fi3h (Bt YhdAnBUTad R the 8fbning ami thel T MaY be
desirable to substitute a nmechanical punp i'n place of the vacuum _

punp 100 in whpoitiooguevide ttasred fincuum | i ne connections can be used for
connecting the inlet (e.g., 4 inch inlet) of the nmechanical punp to the
gate val ve 110 or directly to the larger vacuum port 20.

FIG 9 shows a noduhgr pirassEbsiaftesupbbrd &f €0CE3, WHereth laf bufed peRphery 67

used for isotropic etching an oxide [ayer. The plasnma generating source 170
the support arm is offset from a substrate support surface of the substrate

support.

10 17.  The substrate support of Claim 13, wherein thc mounting
arrangement includes a vacuum seal adapted to seal the opening in the chamber
and maintain a vacuum tight seal between the chamber and the mounting

" arrangement.

18. | The substrate support of Claim 13, wherein the support arm

15 includes 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.

19. The substrate support of Claim 13, wherein the substrate support
20  includes a planar substrate support surface having a cross-sectional area of Iess
than a flow area between an outer periphery of the substrate support and an
inner surface of a vacuum processing chamber in which the substrate support is

_ mounted.

20. A method of processing a substrate in a vacuum process chamber

25  having an substrate support for supporting the substrate during processing

o - 26 -

/ . .
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includes a pair of opposed curved rectangul ar el ectrodes 172,174 f|tted

agai nst the exterior Wyl I nder 176. Pr ocess gas is

i nt roduced wotwatdze l THISIGHEET H6S4 Ne"lergl zed into ECRUSEROST at e

by RF energy supplied to the REPMCEBtrOdeE 172,174. The cylinder can

be renovably attached to a f supported on plate 180. Thus, ™.
pl asma creat ed Uﬂféido@aﬂhibqfrockhﬁdhﬁmbei:@ndmm@an opening in asfiealidhérbofuigh f 1 ow
passage 186. The plate 180 _is renovabl attached in a vacuum sealing

manner to the uppReniRgBEAE large ct“l’ftghctl‘?a%i’ﬁ’@’rt he Fubstrgfe BIPRAY LR be removed fropy ;. g

182 and surr oundmggchlgﬁ,ggg rﬁbﬁ’gme ’E?E@ﬁ% ah8% b tin@%}aﬁgaﬁé‘&t"&%dmé through

opposed surfaces of t at e 180 he cha ew se seal” the
20 ot her conporendEning andrgmamebl Rﬁumkmg meaqubsttm ammxttrlbetthe émemoreofethd of

t he funne 8 and plate 180, and en t he, d of the

funnel 178 arfd  fearber at & poRRn pcateds Favardly of 8 oned sdRivalloo Tht. sCaabeer g e

bet ween el ectrod I nner surface of the cylinder 176.
ﬁﬁuﬁg%oﬁ st

beconmes eroded by t pl asma and t he renovabl y mounted cylinder 176
can be periodically repl aceepplyin@s substrate to theTirecesh alndyaber iag aprositien ainl

I sol ated fromthe_ vacuu u rrangenent by a gate val ve. The
gate val ve can -b& %ﬁofla%'l% ngh'[eggé'bﬁﬁ%ﬁls%ﬁpoat nounti ng arrangenent for
the vacuum punp or it can laﬁnﬁﬁrtgmta%@bgtrart@fd the sﬁﬁp&rhﬁhrfacc of the siRligaier . I n
a preferred enbodi nent, the gate val ve conprises-a plate which

moves from a® ope\ﬂpmtislandon away fromthe chanber to a closed position
30 wherein the plate seall he chanber. A suitable gate valve .
of this type is ayg&ﬁ?%%qgeﬁt?%gﬁév a Swi ss conpany. R
- 18 - : -

21.  The method of Claim 20, further comprising supplying a heat
transfer gas between the substrate and the support surface of the substrate

support.

15 22.  The method of Claim 20, wherein an exposed surface of the

substrate is plasma etched during the processing step.

23.  The method of Claim 20, wherein an exposed surface of the

substrate is coated during the processing step.

24. The method of Claim 20, wherein the ptocess chamber is part of
20 - an ECR reactor, TCP reactor, helicon reactor, helical resonator reactor or

parallel plate reactor.

25.  The method of Claim 20, whercin the substrate is a glass panel

suitable for use in making a flat panel display.

26.  The method of Claim 20, wherein the substrate support includes

25 an electrostatic chuck and the substrate is a semiconductor wafer.

__’———/—_-——-— - 27 - \
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| NVeNt i ON by ifba0SSi bl e to asqmi GHEET HAS BEEN
chanber. For i1nstance, with the chamﬂgpmg it

her aspect of the

epl ace a lpcfssoboeoane -
possible to slide

7

a liner of process conpatible -2 h+odgh—an? access port into -
the chanber and hol 7t he FHenféthbd op Cidim 20, Wheseih tadltixpoded shiaey of e si nply
by 5 attaching a cover to the_access port. The lI1ner can include

sui t abl e openi rigbstrate is subjggiedrio &) flom rate 1of oyer | VOLYsspevith dessithan $% chanber .
According to a pr.eferre ’ g‘ra%d' ' liner is supported on pegs

I n the chanber @Hﬁt'?ﬂafndﬁ?‘ﬁ rﬁtleaag{a()%by éﬂ’%%d %lﬁ%g?fodul ar nounting arrangenent

for the plasma generating source. The liner mat erial can conprise

any vacuum and/ or process conpatible material such as-a 10 netal (e.g.,

al uni num), a diel ect3® ¢ riheanethpd of Claim 20y grheyein 4hg,pRoRess ARMREHIEM

nitride, etg.), teer . ' Yusl . In the

Case of a3 eviGRE Sft BB b B rfUAF o6 ol pALn ik, | 2

grounded. Furt hperiphéryeoflthereubstrate supperaand ax inngée sarface mfehaside walt ofithieol

mechani sm such as one oy nore ssages for flogw of a tenperature

control fluid, Ga@bgsanfihen ﬁ@'&ﬁg} an Oopghigw aé??eb‘ﬁwc?ﬂ)ﬁ’@ srgstrater égqppé‘f'a?\'@e

heating el enent : ; Ths 1l desi 1O shisttdiel shdvngh fl ow

of process gas a\si\mﬁ%éﬁ‘n%?rhtt%? zr‘lllmrlllédrﬂow a Qg{s?%{i pr essare ir? t he chanber.

Such hi gh fl ow opendiow encedethgdatgor thae the annulardhewrbesa. wal | nount ed

cantil ever chuck design which allows substantially symmetrical gas .
flow through the chanber and frees up space on a wall of the 20 - chanber ==

opposite tgga wall oy whi gRabdifin Preteteing) ERURAIRY hR¢ing ALSuB&ArdS suppoR! @frein
As such, a large vacuum port can be provided having a cross-sectional area

greater than theomprisgggisecti onal area of the substrate support.
According to a prefef(ad, ennogh P Houdled!ifl Gn'iM4S0E bOF vadil Sr8EsHR ©
chamber;
a mounting arrangement supporting the substrate support in the interior
15  of the chamber at a position located inwardly of an inner sidewal] surface of the
chamber;
~ an outlet port for evacuating the chamber, the outlet port being in an
endwall of the chamber separated from the substrate support by an open space,
the substrate support being separated from the sidewall of the chamber by an
20  annular gap, the annular gap having a cross-sectional flow area of at least
approximately 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.

30. The vacuum chamber apparatus of Claim 29, wherein the annular
25  gap has a cross-sectional flow area of at least approximately 0.5 times a cross-

sectional area of the substrate support.

-This Sheet Has Been Re[ilaced
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support is held at or near the center of a circular vacuum chanber by one
or 25 nore support arns extendi ma sidewall of the chanber. The
support arnyoonare29referably i s afl THENSHEE HASSR |l of thecsudvsiopeztze
support and has a snaller c[oss- s§qu9@Dthan he support surface of
the substrate support in order to FA-F -uni formgas fl ow

t hrough the chanber, 31.e., Thé sdcupin dmmhmrmppzfrmmbf Claim 29, whcddin ghes esndlar a

vacuum port | ocated in an endwal | of the chanber To .30 achi eve opti nmum
flow, the flow agtahasct ghosvsacHenal flowt aren Of b Icash SPRFRKIMAIELY hAlgacs a cross-

surface of the S| ardlf o HE sGHRYRSRuppSrPr of er abl y at | east “appr oxi matel y

0.3 WD 97/ 47028

PCT/ US97/ 09027 times, nore preferably apprOX|nater at least 0.5
times, and nost preferably approxi mately equal to or greater than
the cross-sectional area of the substrate hol der and/ or vacuum port.
For instance, according to one enbodi nent of the i nvention, the flow
area can be 1 to 2 tines the cross-sectional area of the 5 substrate

support. Also, the surface of the outer periphery of the support arm

closest to the plane of the expose substrate surface i s spaced downstream
e.g. cat le preferably at least 1/2 the icknmess of

t he support arm

L L

openi ng such as a oul fodt in

-29 -

f



10 di anet er opening sealed by a suitably sized gate valve. The suppQrt
armis shaped and si.zed to m.ni.m ze punpi ng asymmetry. For instance,
a ci-rcul ar wo9m4r028upport arm can-have a-di‘aneter of 2 to 3 BOTASIZ0OMW27 a
non-circul ar support arm such-as an obl ong or rectangul ar support
arm can have a cross-section which - - = -varies from2 to 5 inches in e
w dth. 15 . The annul ar gap between the inner surface of the
sidewal | of the chanber and the olyt/&r peri phery of the substrate -
support preferably has a cross- sectional area exceeding that of ‘the
waf er and/ or vacuu#&‘agrt. For exanple, in the case ¢f0an 8 ipngh

a

waf er, the substrafe,support can have a total dianeter of 1
and the chanmber c3 ve 3 diNNyeNeNSONTENI ncVASUZ | ] I 1P :

suppor t prov | ﬂz P8 AN N AR AN A RNV O NN SRS IR E 2 AN ) NN Se S R Y 75

of - about 140 e hgs conparg
has a cross-

d othes&stj ‘

al ar[‘e_\,EZOf aBéut 11‘@0qu1§ e i nchey.
In the case of a 12 faf ¢T the subsfrate suppert—hps \§
25 14 inches and ghanther Has a di anefer74of 18 imghes,
fl ow area hi d/ smal|| e COFFesFoss—Sgetrora—artm (jpbou
i nches) than t5@ - substra hol der (about 150 square| i nchy
such a chanber desig rovi de_degirabl e gaf 1l ow for
applications, inpfoved high filow at | ow pressure can be ach .
decreasing the sige pf e slybstrate support and/or 30 ncr easi hg the
size of the chanber,}e king the substfate support s I‘l(e?O T
- 20- : * nf
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WD. 97/ 47028

PCT/ US97/ 09027 such as smaller than about 12.5 inches in dianeter
and/ or makwaop7shezschanber | arger such as | arger thanpebwss7/d®0627 nches -
in dianeter. The fl ow area between the substrate support and

t he vacuum port is preferably larger in area than the annular flow .
area between the substrate 5 supponZ/%hd the inner sidewall surface of

t he chanber. For instance, if the chanber sidewall and substrate

hol der are separated by a 3 inch wi ?Qnnul ar 80 g8g, the distance -

bet ween the endwal | of the_substr

preferably exceeds 3 i nchdsslé—ge—-A-—nr—mgpro_jnc

ar-ea bet ween t he sukl : {

peri phery of the 10 endwy

port can be rounded or ]
t he chanmber in which the,yacuy
t aper ed. _ WenhT
preferably | ess than 5%
I n pressure across the egﬁér~
an 8 inch or 12 inch waf can ¥
chanber at a pressure of |ess
The punpi ng speed seen at thg A
hal f (e.g.,: 1000 [err]/sec.
of the vacuum punp. Further
will-20  depend on the ang
the ability . of t he
t he chanber. For 70—
1000 [err]/sec., wth 80

g 50 mrorr.
rcal | \@@bout

é%ge chanmber and™=ex..
ated gas from
punpi ng speed of

FIG. 4



sccm process gas flow, when the gas i's dissociated into a plasma state.the -
vol ume of the gas essentially doubles and the vacuum punp may only provide

a 25 vacW9mf7028out 2 nmiforr in the chanber.. As sone procBETASITNIT ze

200 to 300 sccm process gas, once dissociated and doubled in gas

vol une, the vacuum punp may only provide a vacuum of about 6 nmfTorr. ™.
As shown in FIG 10, the footprint of thg yacuum processi ng apparatus

10 can be reduced by providing an angl ed3/§8devvall fromwhich the substrate
30 support 70 is supported. For instance, instead of extending in a

di recti.on perpendi cular to the sidewall, the support arm 80 can
extend at an angl e - 21 -
WD 97/ 47028 , :
PCT/ US97/ 09027 - bet t he sub,sjéate support 70 and a
non-vertically oriented side | 190. Such PFparrangemne tg p&es up
| ess floor space due to the kedb@ed si of the | ower end §f the
chanmber and al | ows as&ess ' ' gber
surroundi ng t he subs¥ate] Ty -~ Vhile THE 1 NVEnT] has
been described in detail re t 0720 rgberre(}.&ﬂi)ﬂ.@@rﬂé'
thereof, it will bé3&parent_to ol ' i ha yarious
changes can be made, and gl al e YDANNE ' \-m
the spirit and sggpe gf t ven DPESSSARAN \'\\J«'\'\‘W‘ i
__ )/%///,\\ e i umy N §
=/ N N
91 N NF70 S
7 NN
- N
8077 Q 122 N
o/
7N 5 \

/
110
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100

FIG. 5






- 22 - VWHAT |S CLAIMED I S: 1. A vacuum chanber apparat us.
havi ng a substrate support renovably nounted therein in a cantilever

fashi on cowor97817028: a substrate support nounted in RCTHBFIOPE? of a -
vacuum processi ng chanber, the chanber being a plasma processi ng chanber

" wherein plasma is provided in a region adjacent the substrate support; S

5/8

10 ~—> qk 138

® @
o o
E o ra
1 I
| 110 , ]
162 C ' 160
1 .
|
!
: 1T~ 100
]

FIG. 7



an.opening in a sidewall of the chanber, the opening being | arge enough to
all ow the substrate support to be renoved fromthe chanber through the
openi ng; arO97/47028 3 npunti ng arrangenent extendi ng t hr oughpginessonsoziy ng

. and renovably supporting the substrate support in theinterior of the
chanber .at a position located inwardly of an inner sidewall surface of the >,
chanber. 2. A vacuum chanberéé(a$par atus having a substrate
support renovably nmounted therein in a cdntil ever fashion conpri sing:

a substrate support nounted in an interior of a vacuum processi ng chanber;
an opening in a sidewall of the chanber, the opening being | arge enough to
all ow the substrate support to be renoved fromthe chanber through the
openi ng; a nounting arrangenent extending through the opening and
‘renmovably supporting the substrate support in the interior of the chanber

at a position located inwardly of an inner sidewall surface of the chanber;
and t he chanber being a high density plasma processi ng chanber
wherein high density plasma is provided in a region adjacent the support
substrate, the substrate support including a chucking device which clanps a
sem conductor substrate on a support surface of the substrate support. ’
3. The vacuum chanber apparatus of Claim 1, wherein the chanber i ncludes
a vacuum port in a central portion of an endwal | ?b t he chanber, the
endwal | being separated fromthe substrate supgort by an open area, the
vacuum port being connected to a vacuum punp ich renoves gases fromthe

- interior of the chanber and nmaintains the ch er at a pressure bel ow 100
mlorr .

¥

90—+

110

80~




4. The vacuum chanber appararus of Claim 1, - wherein the nounting
arrangenent includes a nounting flange and a support arm the nounting
fl ange bei WOaT#®&hed to an exterior surface of the chanber PCRRISIEOPOT t
arm havi ng one end thereof joined to the nounting flange and an opposite
end thereof joined to the substrate support.

chanber apparatus of Caim4, wherein t
portion fitted in the opening in the si

ZZQgDun

5. The vacuum

tlng fl ange includes a
of the chanber. 6.

The vacuum chanber apparatus of Claimb5, wherein the opening is tapered .

such that the opening decreases in size in a direction towards an interior
of the chanber, the portion being tapered such that mating surfaces of the
opening and the portion provide a tapered fit.

chanber apparatus having a substrate support
a substrate support nounted in an

cantil ever fashion conprising:

interior of a vacuum processi ng chanber
of the chanber, the opening being |arge enough to allow the substrate

7. A vacuum

an opening in a sidewall

removably nmounted therein in a

support to be renpved fromthe chanber through the opening; ' a
mounting arrangenent extending through the opening and renovably supporting
172
174 - 170
10
\ = I 176
184 182 \<7 8 180 182
T 184
/ L
g é 186 44 £
+16
70
-8_0 —t—
20

Loo

FIG.



the sybstrate support in the interior of the chanber at a position |ocated
i nwardly of an inner sidewall surface of the chanber, the nounting

ar rangenentwo kg8 ng a nounting fl ange and a support arm teeerne»giadd2Rg
flange being attached to an exterior surface of the chanber, the support
arm havi ng one end thereof joined to the nounting flange and an opposite ™
end thereof joined to the substrate supgggé the nmounting flange incl uding
a portion fitted in the opening in the ewal | of the chanber; and

t he chanber including an interior cylindrical surface surroundlng the -
substrate support, the openi I n th? aidemall of the chanber extending

t hrough the cylindrical surfdce5@the rtion incl/&8 ng a curged aBt ace
facing the interior of 'the céa er, tije curved syﬁface havi ng %dqés whi ch

N

lie al ong edges of e op g 10 TNe Cyl L NOrT CANSUT T aCce. 177 AN
8. A vacuum chantér—ap qly
nmounted therein in a cant ver fash Co Sy 30 9{@5
support nmounted in an int or of Sd-RG~qha r; a o an
opening in a sidewall of cha BN T) [\ h to
all ow the substrate suppo¥y4to be PRe-eha r ougRt he
openi ng; and a NoupdlRg arr ghpenent exthdlng TRFO t he eni ng
and renovably supporting ubstfat e supp in th t N 0 70
chanber at a positi : y of an inner sidewalR\ysur of the
chanber, the nDunting arra I ncl udi ng e an support
arm the nounting flange be{ng attached. - - ace o he
122
80
- N\ -
~20

110
100

FlG. 10



: Rt o763
chanber, the support arm having .ane_endd thereof joined to the nountifes.

fI ange and an opposite end there I &1 y substrate sREPPAGEMENTe SHEET
support arm bei ng sized such thctjm’g(zﬁ hg)h 1 gas through an annular .
f
h

gap between an outer periphery qf {t he substratejsppport--and the inner
surface of the sidewall of the g SORC ¥Wsthnfially uniform
9. The w3 . Oy relhdiem 1, erein the nmoupt{ng arrangenent includes a

vacuum sez ar g ereopeni ngland mai ntai ning aj vacuum ti ght seal between
the chanmber and, the Qi %LWW . g Lhe
chanber apparatus of Caim1l, wher’ein the clta er'I?tﬁjcs\Qgﬂfétsra V@ﬁu%anr“wd

pl asma sotherein in amadtlever fashionicompriggig ar r angenment and a nodul ar substrate

support incl udi néjlbt he substrate support and nmounting arrangenent, the
modul ar pl asma * UBHFate STRPPRJNeUNRS, B8 gteEnr af av R um RropRSsIngshamber, theasma

source, t | r n | L hangeabl e with
anot hor mogaBet bty 4 B prite il Bl FONERE ot hrhlbE) RSB o '
support beidjagentthe syReageappoir; Wi t h anot her nodul ar  substrate support.

11. The vacuum chanber apparatus of Caim 1, wherein the chanmber includes

an outlet port anhmpesingdoatsideyatllof thehchatnber, théepening einglarge drmuply to allew
endwal | of, th chanber separated, fromthe substrate support by an open
space, t héh%ﬂﬁg}rpt&tsgpmfpoeﬁq T%Vﬁfbkogbﬁbaﬁm@rflhwb#@ epegingapid of t he

chanber by an angitingd8Pmgement extending through the opening and removably supporting

the substrate support in the interior of the chamber at a position located inwardly of an
inner sidewall surface of the chamber.

2. A vacuum chamber apparatus having a substrate support removably
mounted therein in a cantilever fashion comprising:

a substrate support mounted in an interior of a vacuum processing chamber;

an opening in a sidewall of the chamber, the opening being large enough to allow

| the substrate support to be removed from the chamber through the opening; ./

a mounting arrangement extending through the opening and removably supporting
the substrate support in the interior of the chamber at a position located inwardly of an
inner sidewall surface of the chamber; and

the cl_lamber being a high density plasma processing chamber wherein high density
plasma is provided in a region adjacent the support substrate, the substrate suffport

including a chucking device which clamps a semiconductor substrate on a support surface
of the substrate suppon.

3. The vacuum chamber apparatus of Claim 1, wherein the chamber includes 2
vacuum port in a central portion of an endwall of the chamber, the endwall being separated
from the substrate support 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.
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Torrey

" fein the chanber .inc S
rber , theHEPH&EMENSIéJ'H‘%ﬁg
of the chanber, the

12.  The vacuum chanber appar at JREFLACE g
a nodul ar |iner renovably supporte '
an opening aligned with the opening in.the side
opening in the |iner being |arge]ehodyti to %o

port which can be

pass therethrough. 13. e

renmovabl y nmounged i Y % her Ing in a

si dewal | there%f Ialrngigvenmg? [0 a @@ °fl? | é*"?ﬁ%‘gg’r‘@&?’g‘éb_e renoved
fromthe ahangeatent inchidgd a ivanoRelanpe. an ASuppdrs bitd! de muARANE IGAFEHdISE NY:

a substrate support which supports a substrate on a support surface of the
subst r at eatagbeda an gxtgrior surface of the chamberpthersupprrt arm hagjegont exd thewdoéd t o

t he subst e ort. .the nmpunting arr.an nt Jj.ncl udi a, nounting flange
and a supjsapet B P Saporing et i hugesifme doatentioimas e B ot ppey o
surface of the chanber, the support arm having one end thereof joined to
the nmounting flange and an opposite end thereof joined to the substrate
support, the sdéppor {Thevardum ciipritea pppdatiootClaimrd, wheeeis teshoaitmgSflgpgert i n
the interior q%fé the.ch?nbe_r at a posjtion |located inwardly of an inner

si dewal | &fclqdes apestion fited inghe gpeninminghe sidewall ofithe chamberit ar m bei ng snal |
enough to pass through the opening for renoval of the substrate support
fromthe chanber, the support armincluding a plurality of service conduits
extendi ng ther & hr oulgig, valhiin SRAnHet QpFRREs bf 18N IWhehdn ¥ie R i9¥perid 2

gas cool ant, liquid coolant, RF energy, pressurized air, electrical
noni t ori néﬂ“sh %thg qpening decreases in size in a direction towards an interior of the chamber,

the portion being tapered such that mating surfaces of the opening and the portion provide
a tapered fit.

7. A vacuum chamber apparatus having a substrate support removably
mounted therein in a cantilever fashion comprising:

a substrate support mounted in an interior of a vacuum processing chamber;

an opening in a sidewall of the chamber, the opening being large enough to allow
the substrate support to be removed from the chamber through the opening;

a mounting arrangement extending through the opening and removably supporting
the substrate support in the interior of the chamber at a position located inwardly of an
inner sidewall surface of the chamber, the mounting arrangement including a mounting
flange and a .suppon arm, the mounting flange being attached to an exterior syiface of the
chamber, the support arm having one end thereof joined to the mounting flange and an_
opposite end thereof joined to the substrate support, the mounting flange including a -
portion fitted in the opening in the sidewall of the chamber; and

the chamber including an interior cylindrical surface surrounding the substrate
support, the 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 having edges which lie along edges of the opening in the cylindrical surface.
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el ectrical actuating signals
The substrate support of C aiik
an electrostatic clanp.
wherein the nounting flange i
opening in the sidewal | of thg
surfaceg of ol =né N4
[he substTate support 6

. 7
ambunted Hersinlin hrcamilever fdidiidddnprispiger t surface of the substrate
17.

mat i ng
16.

suppor
suppor
nount i
t he ch{
nmount i

strate support.

14.
elsubstrate supﬂfﬂmg@FW%gi‘ET

. The sdbdtrate support of
c] uBSDECBYR i dn |adapted to fit in the
hanber, the gdorlti on being tapered such that

bef ot 3o d B SeBo BRI, o e

The substrate support of C aim 13, wherein the

1Q ar r angeubstrate support desned \im an intersaradf achapumprocessiegbhanberppeni ng i n

hnber and nmaintajn a vaglijulm tjight seal between the chamber and the
g ar r anffARSTINE In a sidewall of the

chamber, the opening being large enough to allow
the substrate support to be removed from the chamber through the opening; and

a mounting arrangement extending through the opening and removably supporting
the substrate support in the interior of the chamber at a position located inwardly of an
inner sidewall surface of the chamber, the mounting arrangement including a mounting
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 the substrate support, the support arm being sized such that
flow of process gas through an annular gap between an outer periphery of the substrate
support and the inner surface of the sidewall of the chamber is substantially uniform.

9. The apparatus of Claim 1, wherein the mounting arrangement includes a
vacuum seal sealing the opening and maintaining a vacuum tight seal between the chamber
and the mounting arrangement.

10.  The vacuum chamber apparatus of Claim 1, wherein the chamber includes a
modular plasma source, a modular vacuum pumping arrangement and a modular substrate
support including the substrate support and mounting arrangement, the modular plasma
source being'imerchangeable with another modular plasma source, the modulat vacuum
pumping arrangement being interchangeable with another modular vacuum pumping

arrangement and the modular substrate support being interchangeable with another mociular
substrate support. '

11.  The vacuum chamber apparatus of Claim 1, wherein the chamber includes
an outlet port for evacuating the chamber, the outlet port being in an endwall of the

chamber separated from the substrate support by an open space, the substrate support being
separated from the sidewall of the chamber by an annular Eap.
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18. The substrate support of C mmgﬂw substr at CONENT SHEET
includes a " planar substrate suf vhavitmg a cross- onal area
of less than a flow area betwegn |an outer periph¢ry of the substrate
support and an inner surface of |a|va@3UEC WmWce$sing chanber in which the
substrate support is nounted. 19. Al mgt hod of processing a
substrate in a gcuu?&process chhanber having a ubstrate support for

bst Aariiis] ai

_supf)o&_ti ng the sul At ¥y ':"r:’ ; c‘ Plgime b whtﬂemngéfaﬁﬂﬁlﬁeriﬁélﬁd@q h
i ncl udi ng | thereof, the qpening being |arge enoug
to allow ‘?_Egﬂgﬁgst rgﬁv%dgéﬁ%%@qmg%%méMN openinggh t he
openi ng analigned withnthe operin S1GE Rl bF M HGbD Ol Bl IRE fndih A0

renovably supporting t substrate support I n the Ehamber

at a posi th mouek &yallomshecupstuite supponne passsheteedughof the chanmber, the
met hod conpri si ng: supplying a substrate to the process
chanber at a position on a support surface of the substrate support;

cl anping the sup§trak%ugﬁrart@%pggﬂw&}wg?f%ﬁw?%m%%u%u st é?vtég@%pport; and

procesqi ng the substrate wt as ene

20. he proc¢ssidgahafiben naviry, arf i i8I ' r ansf er
frfg, anf dffehing in GARWaA ﬁﬁeﬂ?@eﬁg&%@g{‘a‘r}’%@e&

gas bet|jween,the substrate and the support surface o gupport.

21. he TA2EYRIA SURPOR i be removehrpmi the cirarabep drengts i fopeing] the kabgiRst I at e
i s plagma @bﬁgﬁgogmgiﬂg: t he processing step.

_ a substrate support which supports a substrate on a support surface of the
substrate support; and

a mounting arrangement attached to the substrate support, the mounting
arrangement including 2 mounting flange and a support arm, the mounting flange being
attachable 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 the substrate support,
the support arm being adépted to sﬁpport the substrate support in the interior of the
chamber at 2 pasition located inwardly of an inner sidewall of the chamber, the substrate
support and support arm being small enough to pass through the opening for removal of the
substrate support from the chamber, the support arm including a plurality of service |
conduits extending therethrough, the service conduits supplying at least one of a gas
coolant, liqui.d coolant, RF energy, pressurized air, electrical monitoring signals or

electrical actuating signals to or from the substrate support. &

14.  The substrate support of Claim 13, wherein the substrate support includes an

electrostatic clamp.

15.  The substrate support of Claim 13, wherein the mdunting flange includes a

portion adapted to fit in the opening in the sidewall of the chamber, the portion being
tapered such that mating surfaces of the opening and the portion provide a tapered fit,
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22. " The nmethod of Claim 19, %ME@FT&%@E surface of hﬁésubstrate
S coated during the proceg$sing step. 23. : CEME‘WP%H?ET

G aim 19, wherein the process|changpgmnacsiggert{ of an ECR reactor,
i nductively coupled plasma regacfor, helicon rkaktor, helical resonator

reactor or paral l el plate feactor: 24. The nethod of Caim

19, wherein the iubstrate I-S gl ass_panel suitpble for use in making a

flat panel displSy. The substrate SSpBSt of Claine 13pwhereinain ﬁr&iﬂé‘déﬂera"g?%@i n the
stbstr

substrat e gWBER mii an . electrostatic chuck and th ate is a
semi conduct g? vvaa%lgrlggffy&?%mas“b%e SUPROTE SYrach @ thef substeitersugportwher ei n an
exposed surface of the substrate is subjected to a flow rate of over 1000

[err]/sec. wt h17I ess than 5% variation in flow rate across t he exposed
sur f ace. - The substrate support of Claim 13, wherein the mounting arrangement

includes a vacuum seal adapted to seal the opening in the chamber and maintain a vacuum
tight seal between the chamber and the mounting arrangement.

_18. The substrate support of Claim 13, wherein the substrate support includes a
planar substrate support surface having a cross-sectional area of less than a flow area
between an outer periphery of the substrate support and an inner surface of a vacyum

processing chamber in which the substrate support is mounted.

19. A method of processing a substrate in a vacuum process chamber having an
substrate support for supporting the substrate during processing thereof, the process
chamber including an opening in a sidewall thereof, the opening being large enough to
allow the substrate support to be removed from the chamber through the opening and a
mounting arrangement extending through the opening and removably supporting the
substrate support in the interior of the chamber at a position located inwardly of an inner
sidewall of the chamber, the method comprising:

supplying a substrate to the process chamber at a position on a support
surface of the substrate support;

clamping the substrate to the support surface of the substrate suﬁ%ért; and

processing the substrate with gas energized into a plasma state.

20.  The method of Claim 19, further comprising supplying a beat transfer gas

between the substrate and the support surface of the substrate support.

& The method of Claim 19, wherein an exposed surface of the subsr.fate is

Plasma etched during the pracessing step.
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27. " The method of daim 19, MMLACENEW SHEET chanber is evacuated and
gas flows through an annul ar fljow area between]ap outer pegi

substrate support and an inner jsyrf @g $i glewal | of hbmmgrgﬁg
then through an open flow area lbdtween The sub$tjate support and a vacuum
port, the annular flow area being Lr 0ss-sectional area of
the substrate sgpgpor nd th en flow area being larger than 1  annul ar
fl ow area. — H}gmtﬂﬁ‘béém ma'pﬂ@baéd'ﬁrﬁéélbf'&[easugwb§trat e
support theommdmmgaﬂ-jeﬁjrggssin ' a substrate support nounted Sl
Interior of a vacuum procesm%%‘hanber; a nounting arrangenent

supporting the substrate support in the interior of the chanber at a
position Iocat%n dly of an inner sidewall surface of the chanber;

an outlet port eV & MethodofiClaine 19, WEsreint e rt. being in an :
endwal | of yeabgr sepay at mmgﬂgutﬂg%’%%é%ﬁ%ﬁtﬁw RnGHR
space, the subs’t%@&ﬂ@m,dkﬁﬁbnfﬂ’eﬂﬁbﬁ,hﬂljéiﬁ@%ﬁhbrgg t he
chanber byparallelplatk géacfzp. the annular gap having a ST 08 €EOLef | onal

flow area of at east approximately 0.3 tines a cross-sectional area of the

24. i i '
2 The method of Clam_: 19, wherein the substrate is a glass panel suitable for
use in making a flat panel display.

25 . .
%3-  The method of Claim 19, wherein the substrate support includes an

electrostatic chuck and the substrate is a semiconductor wafer,

26. i i
25.  The method of Claim 19, wherein an exposed surface of the substrate js

28.  Avaey i
28 um chamber apparams having a substrate Support therein comprising:

a substra'u:e Support mounted in an interior of 3 vacuum processing chamber:
Chambe: :c;u:::ii ::la:cgemeflt supporting the substrate support in the interior of the
ated inwardly of an inner sidewall surface of the chamber;
an outlet port for evacuating the chamber '
chamber separated from the substrate support by
separated frdm the sidewall of the chamber by an
—_—

Iy

» the outlet port being in an endwall of the
4n open space, the substrate support being
annular gap, the anmylar gap having a




substrate support and the open
|-arger than the flow area of t
chanmber apparatus of .G aim 28,
cross-sectional flow area of at

a
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)ss-sectional flow area

29. REPLAGEMENT SHEET
gr gap has a _
ly 0.5 tines a

cross-sectional area of the subgtfya 30. The vacuum
chanber appRasalddst i.m 2§, t l &r gap has a
cross-secti onal °3'vt“v' %gm&éﬁ R Approximately i0: ﬂe;lahﬂsk-@&:ﬁoﬁal area of the

cr oss- sect isubsttatesuppoRfand b @éﬁiﬁdcghﬁviﬁgg%or T

area of the annular gap.

29.

ross-sectional flow area larger than the flow

The vacuum chamber apparatus of Claim 28, wherein the anmylar gap hasa

c - - )
ross-sectional flow area of at least approximately 0.5 times a cross-sectional area of the

substrate support.
30.

substrate support.
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A vaccum processing chamber having a substrate support
removably mounted therein. The chamber includes an opening
in a sidewall thereof and the opening is large enough to allow
the substrate support to be removed from the chamber through
the opening. A modular mounting 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 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
extends between the substrate support and the mounting flange.
The chamber includes a single vacuum port in 2 central portion
of an endwall of the chamber spaced from the substrate support.
‘The vacuum port is connected to a vacuum pump which removes
gases from the interior of the chamber and maintains the chamber
at a pressure below atmospheric pressure. The substrate support
is casy to service or replace since it can be removed through a
sidewall of the chamber. 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
vacuum port a large capacity vacuum pump. The chamber also
includes a modular liner, 8 modular plasma generating source and
a modular vacuum pumping arrangement, each of which can be
replaced with interchangeable equipment.
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