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15  coatings, with representative examples including (but not limited to) applications involving:
semiconductor and dielectric materials and devices, silicon-based wafers and flat panel

displays (such as TFTs).

BACKGROUND
[0003] A conventional semiconductor processing system contains one or more processing
20  chambers and a means for moving a substrate between them. A substrate may be transferred
between chambers by a robotic arm which can extend to pick up the substrate, retract and
then extend again to position the substrate in a different destination chamber. Each chamber

has a pedestal or some equivalent way of supporting the substrate for processing.

[0004] A pedestal can be a heater plate in a processing chamber configured to heat the
25  substrate. The substrate may be held by a mechanical, pressure differential or electrostatic

means to the pedestal between when a robot arm drops off the substrate and when an arm

returns to pick up the substrate. Lift pins are often used to elevate the wafer during robot

operations.
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such as annealing the substrate or depositing or etching filns on the
substrate. Process wuniformty across a substrate is always a consideration
and has becone especially challenging in certain processes. The follow ng
exanple will help illustrate the deficiency. Dielectric 5 filnms nust be
deposited into conpl ex topol ogi es during sone processing steps. Mn
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[0008] For some chemistries, separating the delivery paths of the oxidizing precursors and
the organo-silane precursors enables the creation of flow-able films during a process on a
substrate surface. Since the films are grown rather than poured onto the surface, the organic
components needed to decrease viscosity are allowed to evaporate during the process which
25  reduces the shrinkage affiliated with the now-optional bake step. The downside of the
separation is that the deposited film will only flow freely on the surface of the substrate for a
period of time. The organic content of the precursors must be controlled so that, during this
time, vias and other high-aspect ratio geometries are filled without yield-limiting voids. If

the viscosity of the growing film rises too rapidly, the film uniformity may also be impacted.

30  [0009] FIG. 1 shows a very simple embodiment of a separation between oxidizing and
organo-silane precursors. The figure shows several elements present during processing. The

oxidizing precursor (e.g. oxygen (O3), ozone (O3), ...) may be excited by a plasma 120
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2 "renote" in the sense that it does not directly excite gases arriving from
ot her paths (shown here as two pipes 110). The pipes of FIG | may carry
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chamber and a substrate support assembly at least partially disposed within the chamber. The
substrate support assembly is rotatable by a motor. Despite such rotation, in embodiments

20  the system still allows electricity, cooling fluids, gases and vacuum to be transferred between
a non-rotating source outside the processing chamber and the rotatable substrate support
assembly inside the processing chamber. In the case of electricity, a rotating conductor is
electrically coupled to a stationary conductor. For fluids (including gases, liquids and
vacuum), a rotating channel is fluidly coupled to a stationary channel. Cooling fluids and

25  electrical connections can be used to change the temperature of a substrate supported by the
substrate support assembly. Electrical connections can also be used to electrostatically chuck
the wafer to the support assembly. One or more rotary seals (which may be low friction O-
rings) are used to maintain vacuum while still allowing substrate assembly rotation. Vacuum

pumps can be connected to ports which are used to chuck the wafer or other ports which are

30  used to differentially pump the rotary seals.

[0013] Insome of the embodiments one or more heating elements are positioned in or

around the substrate support member. In some of the embodiments a cooling element is
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[0013] In sone of the enbodi ments one or nore heating el enents are

positioned in or around the substrate support nenber. In sone of the

enbodi ments a cooling elenent is 3 located in or around the substrate

support nmenber to reduce the tenperature of the support nenber and the

substrate. The coollng el ement may al so be configured to coal the rotary
§

seal s tlocasd Brry arpuaidrthe sybspls SuPPEbMEMbYHE redisp die teaps B pf gysuppatt her
i ncl ude ?‘mlo%lj Jrldqﬁecélﬁagfrérrtg‘ nbﬁgé‘%flg@legefﬁ%% yaaflsto Gﬁ gé ”ggg}ufeé'ti? c&ﬂ tﬁ‘é‘fjotelr We“ ng

the subs e suppor Yose st further
i ncl udeseaBno exwadithearlifpspagessi ng systens havi ng an eccentrlc rotatlon
substrate support assenbly at |least partially disposed within a film

deposi t ['092510 hagber Sﬁgﬁ Coikf grc‘iﬁx{t é?u&e A %@L%xéﬁ%oh@&é H)g;g)e @hffk'ﬁ) t A ate

support nmber, e su rate suppor
not dr cmuﬁxigedldtlwéﬂﬁx@mhaﬁbsutam suppmh&hﬂ)et.he substrate support rrenber. The
shaft may be positioned off center fromthe substrate support nenber to

create CCent.fi t at
of “the BOL BRI ERRA ey 2 RURBARULIEEARE o et o ockiind Mbterdstl 21 0"
pr oces shavingsamsdeeeriric hatitisrgsubstrate ‘Su}ﬁi@h&hs@dﬂlﬁiﬂy aeleest papfadiy tdisposeinbithinat | east

parti al |%I§dl sposed within a film 15 deposition chanber. The substrate
suppor t 11z denesition chgmbere | ThgsubstiatiRippart asssmbbomay neliser subsiraie s#RPOEoupl ed t o

t he sub p tate
the subiPrars: SHERGNDITRRIE: suidile SufRt OhamRUDRLs b BRI wh St B =
Subg} r afogate wﬁalsobsttase dupbbtie thembien. Ths pedt mhpbé b@lﬁdmﬂtoﬂt@n&rréainetm vvobbl e when
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rotate the substrate support member. The substrate support member may support a substrate
which is tilted with respect to the shaft to create a wobble when the substrate support is

rotated.

20 [0017] More embodiments and features are set forth in part in the description that follows,
and in part will become apparent to those skilled in the art upon examination of the
specification or may be learned by the practice of the disclosed embodiments. The features
and advantages of the disclosed embodiments may be realized and attained by means of the

instrumentalities, combinations, and methods described in the specification.

25 BRIEF DESCRIPTION OF THE DRAWINGS
[0018] A further understanding of the nature and advantages of the disclosed embodiments
may be realized by reference to the remaining portions of the specification and the drawings
wherein like reference numerals are used throughout the several drawings to refer to similar
components. In some instances, a sublabel is associated with a reference numeral and

30  follows a hyphen to denote one of multiple similar components. When reference is made to a
reference numeral without specification to an existing sublabel, it is intended to refer to all

such multiple similar components.



conponents. In sone instances, a sublabel is associated with a reference
nunmeral and 30 follows a hyphen to denote one of nmultiple simlar
conponents. \Wen reference is made to a reference nuneral w thout
specification to an existing sublabel, it is intended to refer to all such
mul tiple simlar conmponents. 4 [0019] FIG 1 shows a schematic of a prior
art prold®48} n§lG egshomvsva schematic eferidriariaocessingrrgionwithia a dapesidopl asma

or ccur scretef B8 Bt Fhste b AR R SR AR el bR e conol

accor di gitint preduiselspsed 5 enbodi nents; [0021] FIG 3 shows a cross-section
of a substrate support shaft (part of the substrate support assenbly)

i nsi de f i ng;. [ 002 F rat uppor.t ;assenbl y
N T N R i O A
t he shaé¢hbatitlestypst rat e support nenber according to 10 discl osed

enbodi nents. [0023] FIG 5 shows a substrate support assenbly with cooling

f u! d f ‘ﬂ]ngF @rBO sraoérggsy ectfi I‘P aﬁl%lélt%tizs 0 rﬁ‘]\a ? zi . O Qeos ro{ ary seal
region a substrate supporst Shaft™ accor di 0 irsc os]e1 8di ment s.
[0024] &dpport@sseho iAsidda pliffliowd@sur ement map without and with a 10 RPM
substrate 15 rotation according to disclosed enbodi nents during deposition

of an oy fi 5 r ' em

accordi Wé’ 9?]0 g #d;]nci %hgg\é Jes&lg%)tgaltﬁé‘?@g Q%Te%@g]%%ltﬁs%ﬁ{s“g%&%ﬁlgﬂg% gl}sﬁf rate

pr ocessilo@inghawngh rassanudd beuglidgdihe chasad wibbede Mepost membekAltdBinpESCRI PTI ON
[0027] | npl enentations of disclosed enbodi nents include a substrate support
assthbl QISCIQEPdr?@thOFllré@lt%-o al l ow substrate rotation during processing inside a
processi ng chanber. The rotation is desirable in virtually all substrate

process|00g3pt E0G. spasesubbtred alfipes: adsdible withiob B g pId@Esg through@tgase of
a deposition process, substrate rotation can inprove the thickness
uni f or nileig copplings and peelingdhe fotpmm seylregion ehe sulstrate; suppory elnti apcomdingdeposi t i on

process jhave | r _fransient surface nobility, rotating a wafer wl|l
especi afhls‘glo%e Ie%lvﬁoglr%%négte 25 a nore uniformfilm As a result, disclosed

enbodi nents will help to reduce substrate refl ow stegs and deposition

t enper al0924k, FlGieh gpyvsal 4onwingmesrairanpeyt g withoyeend withe 193 sebsiwfther e.

15  rotation according to disclosed embodiments during deposition of an oxide film.
[0025] FIG. 7 shows a substrate processing system according to disclosed embodiments.
[0026] FIG. 8 shows a substrate processing chamber according to disclosed embodiments.

DETAILED DESCRIPTION
[0027] Implementations of disclosed embodiments include a substrate support assembly
20  modified to allow substrate rotation during processing inside a processing chamber. The
rotation is desirable in virtually all substrate processing steps because it enables a more
uniform process. In the case of a deposition process, substrate rotation can improve the
thickness uniformity of the deposited film. When reactants involved in the deposition
process have low or transient surface mobility, rotating a wafer will especially help to create
25  amore uniform film. As a result, disclosed embodiments will help to reduce substrate reflow
steps and deposition temperatures, thereby allowing the thermal budget to be spent elsewhere.
Disclosed embodiments are appropriate for the deposition of all materials (e.g. metal,

semiconducting and insulating layers).

[0028] Providing the ability to rotate a substrate inside a processing chamber with a motor

30  located outside the chamber requires the incorporation of rotary seals. Rotary seal assemblies
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Di scl osed enbodi nents are appropriate for the deposition of all materials
(e.g. nmetal, sem conducting and insulating |layers). [0028] Providing the
ability to rotate a substrate inside a processing chanber with a notor 30
| ocat ed outside the chanber requires the incorporation of rotary seals.

Rotary seal assemblies 5 usi.ng one or preferably nore O rings nmay be
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pressurtfeljs?d_appl ied to conpress the Orings. FIG 2 shows one such
cylindrical piece. Several perfluoroelastonmer Orings (from Performance

Seal i n c.) are sho 210 confi.ned in grooves on a rotating substrate
suppor Houddlf Ong 9&?%“1?%699@#1\(65%ag@%@g@gg@aﬁ s Baetes dnprTe AT B
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j ackets, Teflori(r) coatings, enbedded |ubricants or sone other way to
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the O nj i i i S 100301
|1 i Ing e Bl 286 oS rdofted S ithile o BUHLP S Bpok WS Aldhhporklly 00
suppor tto chese stding produsenehiehbredecmnimsndedifer widrg applicatisap uch @Gsiagbl y shown
can nove back 1%%%}1 forth (e up and down) al Bng the axis of the substrate
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| ocated o the stationary nmating piece (nhot s ring is 25
st at i ornBsembln peiceds aa cdricyndertis placed dvewiglodnBihed O-rivgys cahlakela processaseyl seal .
(00311 Again referring to the picture in FIG 2, tw adjacent Orings are

| abel edn%}_l@_emipﬁ@ment. n another embodiment, the O-rings could be confined in the outer

cylinder (not shown).

20 [0030] InFIG. 2, the rotary seal is an O-ring which rotates with the substrate support
pedestal. In some embodiments, the substrate support assembly shown can move back and
forth (e.g. up and down) along the axis of the substrate support shaft. This may be a helpful
parameter in some processes and robot manipulations. It should also be noted that the rotary
seal could be located on the stationary mating piece (not shown). Though the O-ring is

25  stationary in such a configuration, it would still be called a rotary seal.

[0031] Again referring to the picture in FIG. 2, two adjacent O-rings are labeled 210. The
region above the top one is adjacent to or part of the interior of the processing chamber while
the region below the bottom O-ring may be at atmospheric pressure. Regardless of whether
the pressure inside the chamber is different or the same as the pressure outside the chamber, it

30  is beneficial to apply vacuum to the region between two adjacent O-rings to lower the chance
of contaminants from entering the process chamber. Therefore, a pumping port can be

attached between the two O-ring seals to evacuate the region. This technique is called



regi on above the top one is adjacent to or part of the interior of the
processi ng chanber while the region below the bottom Oring nay be at
at nospheri c pressure. Regardl ess of whether the pressure inside the chanber
is different or the sanme as the pressure outside the chanber, it 30 is
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chanber svithisbine phystdl waparvdepbsition D ppresasyese Here agd thediphoull digteas with sone
physi cal vapor de ozieti n (PVD p{ocesses. Here and throughout, the term
vacuum Vaeuyaed upl laetssqriase gl tlevgeusteddygionht A aFWER SrRDVINsYARAIdRY9id

obvi ous I : ' i ntai ned
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may benefit fromthe use of these ports as purge ports_where an inert gas
ek
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in the shaft (essenti al I{@regardl ess of rotational position) allowng the
vacuum eensfaciensdnaydengfitigrm the ugsifdhese pomsas pirse perts wherpapdrarbgasdlikh duri ng

' 8{ ?J ;Oﬁzaﬁgﬁﬁ%dgﬁfo#gfl 2GORBR 8L b O24) f SrALEL B D1dc rdRide %y fluid union or

20 [0033] The remaining vacuum connection 327 in FIG. 3 is present in some embodiments
and provides vacuum around the perimeter of the rotatable substrate support shaft 340 which
then passes through an aperture in the shaft (essentially regardless of rotational position)
allowing the vacuum to be used to "chuck" or hold a substrate to the pedestal even during
rotation. This type of connection is referred to as a rotary fluid union or rotary fluid coupling

25  and can be used for vacuum, as indicated, but also to conduct a flow of gas or liquid. For the
vacuum application of FIG. 3, substrate chucking occurs if the pressure in the processing
chamber is higher than the pressure which the vacuum pump creates near the pedestal. While
vacuum chucking is not very useful in low pressure processes like PVD, many processes
employing process pressures of 0.5 Torr or above (e.g. Alectrona) can use this method of

30  holding a substrate. All three vacuum connections are shown with 90° fittings and

compression fitting connections but alternate methods of construction are possible.



25 and can be used for vacuum as indicated, but also to conduct a flow of
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exanpl e, ethylene glycol. It is desirable that the interior walls of the
cool i ng[0P8%}i dThheruhial fhuidcaorgpatvidel varieiytdf flaidstaenden embodinregts hay be vateused to
maxi m ze the useful life of the apparatus. Th ubstr.a enperat ure can be
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it can al so be heated and then be used to rai se the tenperature of the

substr afieguestagddemperpiyrg Pféw§%rh§°(é@ﬂﬂi BOHePr beysen Aeht andiaPeC indifegent| ui d uni on
I's usedy O FALLY. ®né 9(581fn@91uid temperature is controlled by a recirculating chiller (from e.g.

20  Thermo Scientific). Though the recirculated fluid will generally be chilled in the
recirculating chiller, it can also be heated and then be used to raise the temperature of the

substrate.

[0036] In the same and other embodiments the rotary fluid union is used to carry a cooling
fluid to cool the sealing mechanisms lowering the chance that friction and heat will combine
25  to degrade rotary seals. An embodiment showing this functionality is depicted in FIG. 5. The
rotary fluid union 508 is located closer to the rotary seal housing 550 in this case. Channels
for directing the cooling fluid may be designed into the substrate support shaft to allow
circulation in the region of the rotary seals. One of the two stationary fluid connections 504

is shown. The differential pumping port is also shown and labeled 521.

30  [0037] Insome embodiments, rotary electrical feed-throughs are used for a variety of
purposes which may include heating, cooling, substrate temperature measurement, substrate

potential biasing, and electrostatically chucking the substrate to the substrate support



fluid to cool the sealing nmechanisns | owering the chance that friction and
heat will conbine 25 to degrade rotary seals. An enbodi nent showing this
functionality is depicted in FIG 5. The rotary fluid union 508 is |ocated
closer to the rotary seal housing 550 in this case. Channels for directing
the cooling fluid may be designed into the substrate support shaft to all ow
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5 enbodi nents, resistive heaters are placed in or near the substrate support
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provided 15 by a "rolling rlq?"_mherein a conducting disk rotates inside a
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el ectri cal power or signal is conducted through a liquid. 20 [0039] Al the
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20 [0039] All the listed mechanisms can be engineered to supply the voltages and currents
required for the listed applications. However, using a liquid mercury union reduces the
nonuniformity of the electrical resistance which enables small thermocouple signals to be
output from the processing system with less degradation. Minimizing the nonuniformity of
the electrical resistance during rotation also reduces the chance of sparking which can shorten

25  the useful lives of the components of the rotary electrical union. The placement of the rotary
electrical union entirely on the atmospheric side of the rotary seals occurs in embodiments
and eliminates the need for the rotary electrical union to be vacuum compatible in
embodiments. The term feed-through when used to describe the rotary electrical union is not,
therefore, restricted to describe a connection that can maintain a vacuum on one side and

30  atmospheric pressure on the other.

[0040] Regardless of the connection mechanism or placement, more than one electrical

connection can be made in a single rotary union. A four connection union could be used for



nonuniformty of the electrical resistance which enables small thernocouple
signals to be output fromthe processing systemw th | ess degradati on.
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A e e e
devi at i SsviP4re 4ol lcﬁklﬁléﬁﬁlbstrate (i.e. wafer) maps showing deviations of the thickness
20  of glass films about their mean value. These particular films are silicon oxide films grown
with a process designed to fill narrow gaps (the Alectrona® process from Applied Materials).
Two physically distinct paths were used to introduce supplies of oxidizing and organo-silane
precursors, avoiding reaction until near or on the substrate surface. The oxidizing precursor
was pre-processed by a remote plasma system to create oxygen radicals. The solid lines 625
25  represent the approximate locations where each oxide film has a mean thickness similar to the
mean of all 49 points. Other lines of constant thickness are shown for thicker and thinner

readings which were made near the plus and minus signs, respectively. The edge exclusion

during these measurements was about 3 mm.

[0043] Without rotation (shown on the left of FIG. 6), the deposited film shows a high
30  number of tightly spaced lines indicating rapid and large changes in film thickness.
Introducing a very modest rotation of only 10 RPM provides a very different result (see the

right side of FIG. 6). The number of equi-thickness lines is reduced and the separation has

10
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espect RSBl o ABGRUTRLPLARUBRR U R LR By
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can honogeni ze the net effect of a processing step like the thickness of a
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have the substrate dropped of in a non-tilted position and put into a tilted position prior to
20  deposition. Upon completion of processing, the substrate can be returned to the non-tilted
position. This can be designed into a typical pedestal by using one of the rotary fluid unions
to supply a driving pressure of gas into one or more captured plungers which raise one side of
the substrate support member. Upon removal of the driving pressure, the pedestal returns to a

non-tilted position.

25 Exemplary Substrate Processing System

[0046] Embodiments of the deposition systems may be incorporated into larger fabrication
systems for producing integrated circuit chips. Fig. 7 shows one such system 700 of
deposition, baking and curing chambers according to disclosed embodiments. In the figure, a
pair of FOUPs 702 supply substrate substrates (e.g., 300 mm diameter wafers) that are

30 received by robotic arms 704 and placed into a low pressure holding area 706 before being

placed into one of the wafer processing chambers 708a-f. A second robotic arm 710 may be
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10045] In enbodinents, this tilt can be adjusted as part of a recipe step.
It is desirable to have the substrate dropped of in a non-tilted position
and put into a tilted position prior to 20 deposition. Upon conpletion of
processing, the substrate can be returned to the non-tilted position. This
can be designed into a typical pedestal by using one of the rotary fluid

uni ons uses! teipspsnprthe substnate \mfe@sfmr@tl@fhogégg piee d 06 tethsrprersssing almanitress

pl unger 0&9&&&16&%59 one side of the substrate support nmenber. Upon renoval
of the driving pressure, the pedestal returns to a non-tilted position. 25
Exenpl ary Substrate Processing System[00461 Enbodi nents of the deposition
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and t he (ki N8l st@hiotRdr coRfigaaaSH, Y thRa PRy §f dh8mBers (£ 287084-fMYy Be used to
anneal the deposited dielectic. In another configuration,” the same two

pai rs ofcopligisesidegoshambise ¢ flomvable diclgarid fidm dn7Gsubisiratenyn pef anothef i gured to
both deposit and anneal flowable dielectrigfilm t substrate, while
the 10" Carerrii, PO Ba s S TRe himGistiy o S s iy By R beam
curing obttf poslapPand B orffi-beam bikid b the ADRADIBIHidEMiE GNiRId @td palrloft hr ee
pairs of chanbers (e.g., 708a-f) may be configured to deposit an cure a

f | owabl @raticssing¢hambefs (kg 308a-hemgy be usestfer anngalymg the dadlénsric fibonitivillrbgt i on,
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pot h depBRernBH BRI RsRl S B bts FrinbttehantrOnkara <otinf BRTIE Koni | o a
third paigivaefe dideRFOTRES hREARMPPAESHY §ystbm T0Ba-b) may be used for anneal i ng
the dielectric film It will be appreciated, that additional configurations

of depo?sz(j)n ’In%g(ri]i%%h,i on oer‘rrll(ljorg% {h%%rgcrégs ham e];soi(}Sa-f may be configured as a wet
treatment chamber. These process chambers include heating the flowable dielectric film in
20  an atmosphere that include moisture. Thus, embodiments of system 700 may include wet
treatment chambers 708a-b and anneal processing chambers 708¢-d to perform both wet and

dry anneals on the deposited dielectric film.

[0049] Fig. 8 shows another embodiment of an exemplary processing system 850 where a
perforated plate 852 positioned above the side nozzles 853 distributes the precursors from a
25  top inlet 854. The perforated plate 852 distributes the precursors through a plurality of
openings that traverse the thickness of the plate. The plate may replace or work in
conjunction with the baffle 124 in FIG. 1. The plate 852 may have, for example from about
10 to 2000 openings (e.g., 200 openings). In the embodiment shown, the perforated plate
may distribute oxidizing gases, such a atomic oxygen and/or other oxygen-containing gases
30  like TMOS or OMCTS. In the illustrated configuration, the oxidizing gas is introduced into
the deposition chamber above the silicon containing precursors, which are also introduced

above the deposition substrate (from the side nozzles 853).
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flowable dielectric filnms are contenpl ated by system 700. [0048] In
addition, one or nore of the process chanbers 708a-f nmay be configured as a
wet treatnment chanber. These process chanbers include heating the flowable
dielectric filmin 20 an atnosphere that include noisture. Thus,

enbodi nents of system 700 may include wet treatnent chanbers 708a-b and

b
anneal JPRM s HavinedessrRedseverlengbadiments fibviH broterogmzedhgthossy §f skdhiaghe on
the d i iel e £l 4 i Qe . i f
et it U Sato G Rht, dRereli0e st ok, SR ARy BRSO 2"

above t Hepastitefrovazizd gariBo3hedBtlobdilimgisodimentpr aduiti®aildy, amambar o2&ell op i nl et
854. The perforated plate 852 distributes the precursors through a plurality
of openkRYEn PIPsEssey aidsglymenth Baveod Reisdeseribadra opfes teavors anpgessserilyay r epl ace

or rk i . Lo WM t 4 P t 52 may
nave 1 oy BEHedReth R iidch. ‘AFole Gl Blnk ickethighsndlB Bl B s ™
t he enbdidiinmnthe stuparvf thdiavpaiohor at ed plate may distribute oxidizing gases,
such a atom ¢ oxygen and/ or ot her oxygen-containing gases 30 |like TMOS or

into 1 fsalRers 4 BhEERE A, pRidH B Ry Pl e B VBT Uh o

ar e al seheltaiith@f teagit chey R wehEmiepdsss thedbnsdxbsletidy icldtésaithérivises bélaearozzl es
853). 12 [00501 Havi ng descri bed several enbodinments, it will be recognized
by t hoséhegippekand lowar kmis ofthat rapge is\adso speeifipallyi dipdesedofgch ameldarmandeve

construgtion a i le used wi,t hout .depapti fromthe

oo 10t BT e U ST B B R a5 e AR eng SRR B et oo
process ﬂﬁe@&dngbﬂﬁ@m thahaxed Ritige he@itofpaged PEHe ipped bHE lowed Lyt of these
unnecessarily obscuring the present invention. Accordingly, the above

descr i psinatergprags snaydndapendentlybedncludqdrmrexelydechia the tnge indicheh rangent i on.

[ 00511 Wiere.a range of . val.ues 1s.proyi,de it .S understoad that each

e venigs <iBeb 8 3 B HER: 4 R R G et o B e RS P RafEes ¢ e
cont ext wgih@athe InvdhGb6@tsabjeotth ahyksRifidafl WRARded IRt WP BRI stASHrah e W Hetethe s Of
that range is also specifically disclosed. Each snmaller range 10 between any

staléd vaatedgange ineludes\angion§othadfibe limits, renges eyclpding eithercdrdeth ofithese st at ed or

i nterveni |l ue in that stated range is enconpassed. The upper and | ower
limts &CT'%‘?gilgllgsar’i%f‘lF%}ncrhﬁﬁg'es may i ndependent|y be included or excluded in

t he range, and each range where either, neither or both |limts are included
in the $08§2] &s usethpseiniagd an the apperskep akigael thewingular folas {'alv &an'i ol "thalibj ect to
any s pecl:rilcfllilcfé%)llllll)él r%%e%r%{g Sr(ﬁelssi tma E:oriltgxttcrl]eeé\lrg/t 1(§t§‘[gs oheise. eurs?fc;[r anmple,
reference to "a process" includes a plurality of such processes and reference to "the motor"
20  includes reference to one or more motors and equivalents thereof known to those skilled in

the art, and so forth.

[0053] Also, the words "comprise," "comprising," "include," "including," and "includes"

when used in this specification and in the following claims are intended to specify the

presence of stated features, integers, components, or steps, but they do not preclude the
25  presence or addition of one or more other features, integers, components, steps, acts, or

groups.
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15 stated range includes one or both of the limts, ranges excluding either
or both of those included limts are also included. [00521 As used herein
and in the appended clainms, the singular forns "a", "an", and "the" include
plural referents unless the context clearly dictates otherw se. Thus, for
exanpl e reference to "a process” includes a plurality of such processes
and ref Al ytor" 20 includes reference to one or nore notors and
equi val ents thereof known to those skilled in the art, and so forth. [00531
Al so, the words "gonprj LN i Si b endC] 2 "jncluding,” and

" ngl udes" when E’sed {&%@?hﬁogﬁgégg{cérﬁl&éggipg8¥|§t§ﬁ§8ﬁ§n§1ﬁ "following clains are
i nt ended to speci{ procéwingphesdacieavirg @i iateeidr Epableraddholding sgiitanalconponent s,
or steps, but they dg, not gre,cl ude the 25 Presence or addition of one or
mor & ot HBMOLRRIEsUES Whichicap ¢ diffenidiome hesxiesnad ghambgripsessyie; groups. 13 WHAT
IS AIMED IS 1 E l i 1SiNQ.. 2 a
pr ogéssi ng chanbe%plhrge;ﬁﬁgy %%H%lr(];;u\ 1r93|i })c;rjgag(ggga%‘}ﬂe%gg?y%%ﬁ%g%dﬁg%a}{r%b?én@grreﬁéll 3
charfber frpmebspioeessimgchamaer; be di fferent fromthe external chanber pressure;
4 a punpi ng system coupled to said chanber, and adapted to renove material 5
frorf the processihgbshalgisupportasseBbly comprsingupport assenbly conprising: 7 a

subsjrate support nenb%?gub%ggti@';sﬁ &Pm%hﬁBQPz{draﬂfggt?&C %ﬁéﬁsutibgt%{tﬁﬁms}d%‘?h 8

processi ng chanber; 9 a su at'e support s e subsirate
sup@ort nenbgiocdssing chd@bérgt ational ly rigid manner, wherein the substrate
support shaft can rotate relative to the 11 processing chanber; 12 a notor
coupl ed to the substr at eubstipisseppoashdift canpled émthe gubstigta Bipport ateanbenina 13

subs{rate su : e} b R 000 RPM
108 Teast  BREChaPRg R sk Ih s e RREOu SR BE IR Ry S
thel1 15 procgesdssiggehamber, wherein the rotary seal allows the systemto

mai ntain an internal 16 chanber pressure different fromthe external chanber

preksure even whehmoks coupled fathe subistratg guppert shadsandisiopfipared de gatata ghe
13 substrate support assembly at a rotational speed between 1 RPM and 2000 RPM;

14 at least one rotary seal coupled between the substrate support shaft and the

15  processing chamber, wherein the rotary seal allows the system to maintain an internal

16  chamber pressure different from the external chamber pressure even when the substrate

17  support assembly is rotating;

18 at least one rotary fluid coupling configured to conduct a fluid between at least
19  one stationary channel and at least one rotatable channel within the processing chamber; and
20 a rotary electrical feed-through configured to allow electricity to pass between
21  at least one stationary conductor outside the processing chamber and at least one rotatable

22 conductor within the processing chamber.

1 2. The semiconductor processing system of claim 1, wherein the at least
2 one rotary seal comprises at least two rotary seals and a differential pumping port is

3 configured to provide a channel for removing gas from between the at least two rotary seals.

1 3. The semiconductor processing system of claim 1, wherein the rotary
electrical feed-through is used to provide power to a heater near the substrate support member

which provides a heating source to increase the temperature of the substrate support member

S~ W N

and the substrate.
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18 at least one rotary fluid coupling configured to conduct a fluid between
at least 19 one stationary channel and at | east one rotatabl e channel

wi thin the processing chanber; and 20 a rotary electrical feed-through
configured to allow electricity to pass between 21 at |east one stationary
conductor outside the processing chanber and at | east one rotatable 22
conductor within the processing chanber. 1 2. The sem conductor processing
systlem of clai m 14 whefs ssmigRndyetor pepgessing syplemriicltin b edierainp MsrPEEs at

| east {d:itioh o AfRlA i 8ado gfofvﬁo%r BB (PHTBEARCRRL by HRATLEW & ¢ ©
provi de a channel oF Femovin gasafro EtWween the at least two ro ary
seal3s. thd sdbstrifesupport membuct or processing systemof claim 1, wherein the
rotary 2 electrical feed-through is used to provide power to a heater near
t he substrate support nmenber, 3 which provides a h?ati ng .source to increase
the tenperature of t hel Rufsgtisonductonprnsessingesypiem of#laimgl. vrherdntiét rate. 14 1

2. e REHAANANT Qb RIRAEBSING EMATLBl.aVEIRM, whereln the rotary 2

el ectri ee rough 1's used to provide a voltage to an electrostatic
chucki ng mechani sm of 3 the substrate support nenber. 1 S. The

senilconduct or progessi Tige syst@mduotor ptogessink, sysdasr ichaifnhle wiRrdinttatmotoals speed
IS betvvee? about 10 RPM and about 120 RPM 1 6. The sem conductor processing
systlem gniigpedie 1otatg ks tiaf 1p RethRdedpvisesandopptarclopkivdse digpctigrsat e t he shaft in
bot h cl ockwi se and countercl ockwi se directions, 1 7. The sem conduct or

progessi ng syst ey of Cng?ét Briconthy o’?hfbc&é’é’ﬂl#gsé/stfeﬁleof%tlaimzl,'rv(@;}ﬁ? égﬂ?cﬁafﬁ%?hy

fluid coupling are use o clrculate ate rature cont rough
t he 2 3 kkeadt@ahe¢ ngaryfhsd caipding uppaset tasisaniit g terpdatuihenseiied dodubiongh the
processi ng. systemof claim7, wherein the 2 tenperature controlled fluid

passes iDE RO EPQT ASERRY subst rat e support shaft to reduce 3 the
tenperature of the substrate support nenber and the substrate. 1 9. The

semiconduct or progessifyg %%ﬁg%(g{?ug{%ﬁ#gkmn@sy%ﬁr@@ai&hﬁ vhetERRRF at ure

controlled fluid passes t S I'n“the substrdte support shaft to
cool2 t hempdraaire ce@ailledihiid pisa¢syth&rgh channB.in Theesubstiite suypoett shaft oo edessi ng

systemof claiml1l, wherein one of the at 2 |east one rotary fluid coupling
i s usedthe serprsadue ofvhe sHbsirate supRosURMbereand dhssubstdesuppor t
1 9. The semiconductor processing system of claim 7, wherein the

2 temperature controlled fluid passes through channels in the substrate support shaft to cool the

3 at least one rotary seal.

1 10.  The semiconductor processing system of claim 1, wherein one of the at
2 least one rotary fluid coupling is used to conduct vacuum up through the substrate support

3 shaft to the substrate support member to chuck the substrate on the substrate support member.

1 11.  The semiconductor processing system of claim 1, wherein the rotary
2 electrical feed-through makes a rotary electrical connection utilizing at least one of the group

3 consisting of liquid mercury, metal brushes, metal bushings, ball-bearings, and rolling rings.

1 12.  The semiconductor processing system of claim 1, wherein the substrate
2 iscircular and the center of the substrate is on the axis of the substrate support shaft so the

3 center of the substrate does not rotate significantly when the substrate rotates.

1 13.  The semiconductor processing system of claim 1, wherein the substrate
2 iscircular and the center of the substrate is not on the axis of the substrate support shaft so

3 the center of the substrate rotates when the substrate support shaft rotates.
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3 shaft to the substrate support nmenber to chuck the substrate on the
substrate support nenber. 1 11. The sem conductor processing system of
claim1l1, wherein the rotary 2 electrical feed-through nakes a rotary

el ectrical connection utilizing at |east one of the group 3 consisting of
liquid nercury, netal brushes, netal bushings, ball-bearings, and rolling

rings. 1 12. The m caopduct.or processi ng systempof claim 1, wherein the
subsfrate 2 is c?‘f'cul iBe mc?q‘fglc@éﬁf@tessg‘?g gﬂﬁ@“&%ﬁ@?‘?‘hﬁe‘*’h@el&\r’ﬁ@? SUlPs of
the subgtdiRbRr SHPRLakisHIMd sudQrdtb R HicBRUEles et I18e SURIFURIQLARRS Not rotate
significantly when the substrate rotates. 1 13. The sem conductor processing
syst®m edppottahaft o credte pevabbichehauths sulstrete sBppart shaficrotates. and t he center of

the substrate is not on the axis of the substrate support shaft so 3 the

center of the bstrate, rotates, when t he.substrat . rt, shaft rotates.
1810147 The: sent Londud b i Gt PSS RaRRs o IRl o0, Wi e thel

subsj r afif axs df%h&édb%'%t@'is At § HeoriSth tﬁé&iéé’ﬁﬁ& %%S?raie%ugg(m gthri th

respect to the axis of the substrate 3 support shaft to create a wobbl e when
the substrate support shaft rotates. 1 15. The sem conductor processing
systkem of cl ai m 146. wh#hesemicheducidriprafessid $ystenasd daiof 14, veheseibshertdt of i s

about 0,1 or less fromthe, axi f . the.suhlstrate support shaft, 1 16. The
seni €onf5@Brofihoubsedin & %d)%@i? 8‘[‘”‘@ %ﬁﬁﬁ‘ %P,“W%rei nthe tilt of 2 the axis
of the substrate is adjustable during a filmdeposition. 1 17. The

sem gonduct or progessi Nge s8R orPrleRiddtsysWABLELIRInt D8 witerSHRRL rate is
adjusted froma non-tilted to a tilted position during the filmdeposition.
1 182 Thebstawiicaduued rompr mameskédtg agiltedepositibn dhangrithe, filwhdapesitionhe syst em 2
conprises a lift mechani smcoupled to the shaft for raising and | owering the

SUbS{ rate support 18.3 nﬁ'ﬂggémic%r?ductor processing system of claim 1, wherein the system

2 comprises a lift mechanism coupled to the shaft for raising and lowering the substrate support

3  member.
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