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FIELD
[0002) This application relates to manufacturing technology solutions involving equipment,
processes, and materials used in the deposition, patterning, and treatment of thin-films and
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 systemn 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 pesition 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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[ 0004] A pedestal can be a heater plate in a processi ng chanber
configured to heat the 25 substrate. The substrate may be held by a
mechani cal, pressure differential or electrostatic neans to the
pedestal between when a robot armdrops off the substrate and when an
armreturns to pick up the substrate. Lift pins are often used to

el evate the wafer during robot operations. 30 100051 One or nore
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appl i cat Fensumg a parrpoeligile peion 0f4 W@&@b@e@@ﬁhbwgﬂ ng material to a
solid glass film The gap-filling and planarization capabilities are
enhanced [6007] SBEwaiyenf its high\siufmesndbility Sdveuble FaweMBIsuct 4 spin-¢h @hso t he

regl q? ! ?Sd‘&l }?ar\]/e Lelzelnrgseful in filling some of the gaps which were incompletely filled by HDP-
CVD. S0G is applied as a liquid and baked after application to remove solvents, thereby
converting material to a solid glass film. The gap-filling and planarization capabilities are
enhanced for SOG when the viscosity is low, however, this is also the regime in which film
shrinkage during cure is high. Significant film shrinkage results in high film stress and

20 delamination issues, especially for thick films.

[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. 1shows 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 (O,), ozone (O3), ...) may be excited by a plasma 120
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shrinkage during cure is high. Significant filmshrinkage results in
high filmstress and 20del am nati on issues, especially for thick
films. [0008] For sone chem stries, separating the delivery paths of
t he oxi di zi ng precursors and the organo-silane precursors enables the
creation of flowable filns during a process on a substrate surface.
Since the filnms are grown rather than poured onto the surface, the
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electncally 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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20t he systemstill allows electricity, cooling fluids, gases and
vacuumto be transferred between a non-rotating source outside the
processi ng chanber and the rotatable substrate support assenbly

i nside the processing chanber. 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 leeatgs ia@r eiouad desuhsoagrsypromtmenaber tOsdiderthe femperigiranfithe support
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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.



which is tilted with respect to the shaft to create a wobbl e when the
substrate support is rotated. 20[0017] Mre enbodi nents and features
are set forth in part in the description that follows, and in part
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shows a Igm- ﬁ I

fl ow ng @Hﬁ)@ gt% g‘%? ul??%agg%?s ft\r%%sfe&b e's % Elﬁéﬁaﬁq@%h‘? ugL r&ary
support ﬂmd‘pellphags:mdchon@lg the tlanyissal Iregi@doferdbdiatesupport §HdB28¢orfib@to 5
shows a ‘Fc, tfstrat (? Eort assenbly with cooling fluid flow ng through
rotary f{tl eﬂS’EE? WS Sand cooling the rotary seal region of a
substrate support shaft according to disclosed enbodi nents.

[0024] FU&H4]le Elfbhshavyoddpeint mpasssmeatman witegit wnd wishe 18 RPMsutistrate 10

RPM sdibs s during
opoly t1 it adiakdthh) I AEE b B Boh o Bt ieBRE %’%%‘é%gf?% :

pr ocessi @86@ %ﬁ& ﬁcor di n! to di sc] osed enbodj nents. 6{2 FIG 8
shows a SROELB TR REOREEIE SXTLTR ASREiRgodlisslgs odiments.
enbodi ments. DETAI LED DESCRI PTION [ 00271 I npl enentations of discl osed
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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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20nmodi fied to allow substrate rotation during processing inside a
processi ng chanber. The rotation is desirable in virtually all
substrate processing steps because it enables a nore uniform process.
In the case of a deposition process, substrate rotation can inprove
the thickness uniformty of the deposited film Wen reactants
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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
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30 is beneficial to apply vacuumto the regi on between tw adjacent
O-rings to |l ower the chance of contami nants fromentering the process
chanber. Therefore, a punping port can be attached between the two
O-ring seals to evacuate the region. This technique is called
differenti al purrpi ng and can hel p protect the processing region from
air |eaki nfg [rom out si de the chanber under optimal conditions or
if thered er%P“ﬂ DBPRING G Rohple proted thepre¢esgingregion fdinf fie teakini & from
punpi Nng Fakide bet e pair
bF a1 o et urIpt it ordiont BFeRls b hier P e Orie
process lﬁé'ﬂrhepiffegerﬁlﬂbmlmap@maabe siorﬁlammokeet;hkxag&: Ioadtien (4.5 Uetvdeh 280060 g of

w Il usual 0. esgure 05 Torr) as wth sone
physi cal g\#a%%mgﬂﬁés% ﬁco(r&;/ Iﬁﬁ%g?ggble FéP%PféFRfS %’?ﬂegﬁﬁd?m?speﬁlh@
term $ac llnwrleakagasﬂeh (Sﬁbhdﬁ&ﬁbéﬂ@@nl@ué{ﬁﬂy Bhvé 16 b@éé%ﬁé&@ﬁﬁ? kgeqwﬂ‘forr
vacuum i s .obvi ou not devoid of all gases or fluids, but a va

can be mifSIMRE Séﬁa YARSE denosision 8 \GW) Mﬁ@sﬁﬁnﬁsmdéhr@?ﬁmmfr drert&mt 0

provi de gadt@hii @hééd(? d enbl ed.e
shown in FlG [gsagfvi\géiga%% esseg&a- H‘%ﬂn&é ac%'ﬁ?ésaoq’g "\R&Eé’i‘? @W@ld
rot at abl &f @hwcwtfbmbubtp@macmm (84 thinnited eprasats B Ying AiRkpheseal

housi ng cu on ons are depicted in FIG 3, two of
whi ch 32%2—%@ %lr%e\a}gf“ Cbﬁ P& hﬁns of air or gases which may
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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.



[ 0034] A nore conpl ete substrate support assenbly is shown in FIG 4
and represents an di scl osed enbodi nent. The differential punping port
421 and vacuum chucki ng port 427 are | abel ed again to provide
perspective. In this enbodi nent additional ports and conponents are
added to all ow adjustnent of the substrate tenperature. To enable
such adj uﬁ’%rﬁe t hi s 5enbodi nent includes a rotary fluid union
CONMEr Ci 7 a@‘aﬁ"?réB‘PIBPIGT&rSBhﬁU@fe@UPMBQMbIMaW n BitH 4eqd rgppaentht h
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heati ng, cooll substra e tenperatur
pot ent i atbsipatasi ng, and el ectrostatically chucking the substrate to
t he substrate support

[0036] Inthe 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  todegrade rotary seals. An embodiment showing this Tunctionality 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] In some 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



menber. This variety of applications puts constraints on the choice
of rotary electrical feed-through incorporated into a substrate
support assenbly. Sone of these applications may require high
currents (e.g. resistive sanple heating), high voltages (e.g.

el ectrostatic chucking), and/or |ow noise (e.g. a thernmocouple

out put) . For exanple, in one disclosed 5enbodi nents, resistive
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conduct ed_t.hro % 1 ﬁ 2l (3%91 Al'l the |1sted nechani

engi neerprglvthgglé Blﬂﬁtfi °f 'éa]\FBPE therrfipes of elspitisal covlgeli alsacsupply mulfiple
listed apphiseeh sefifr meowey r educe

t he nonuﬁrﬁhf grm tly of the e%%ﬁogﬁfcgigbﬁé%%@# Q%Edgﬁ&%}é mglrr}éé)g{éé oIS BIxiged

t herltoc QW "golling;ting "svheacin e condupting dlslowtattdsenqndmc&mﬂucrtglgﬁwet\elm Miatder

| ess de t of the e|lectrical

resi st ag%%ggﬁbg%ét%%ﬂlﬁagﬁ 46 élgﬁtc% %ﬁg} E‘?\%EWBECO&FJ‘CE‘&&‘F%QF AEATRhi ch

o g gy 2‘?“%““‘5’?“%???&?3?“‘*§Y‘3{““3@1 ol rotating
% Er g@le ectrical unio

entirel WSﬁéi{dncé’ng‘f%gB &¢5 taroughya copfined Merqy vy bath s btthis cassctbe eleétrical

enbodi mpaiver @i nglllgm,mg@m}; H Jor the rotary electrical union
to be vacuum cf)krrpatl ble in erbn‘;'sgogdﬁ%nts The term feed-through when

Fastdi cd RO it ied BeBlabishiadhh b bt Froumabilbed ogos atmn one
si de andeqBitred fopsipHstddapplicsissy. eHakvER Bsifg HBGuid 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] Regardiess 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



[ 0040] Regardl ess of the connection nmechani smor placenent, nore than
one el ectrical connection can be nmade in a single rotary union. A
four connection union could be used for heating the substrate with a
resistive input and reading the tenperature by nonitoring a

t hernocouple. As long as the electrical specifications are net, it is
desirable to have as many el ectrical connections as possible in order
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use of |§8§18§38§’ @Frﬁ’bog‘i’rrf‘éﬁgo%‘?‘%s OF ¢f ahoHoW gearspelah(fronbe.a Opwitait
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t hi ckness f20 of glass filns about their nean va}é particul ar
filneg afsolds padispilisin geodanguler epntiah Svichi motenipstess: idegiagmdedtit the f i | |
narr ow GaRsiafet r S igd.Materials). Two
physical ly éfessp ﬁnﬁﬁﬁﬁggég%Ig 33%@@8‘5 Fﬁpﬁgg%e%gﬁﬂﬂﬁei"éﬁ%ﬁ Itten to
oxi di zi regntzm avhen mmooetsr totanes, ity weatioad valociey iddhgitd GRetd @Rt i | near
or on the substrate surface. The oxidizing precursor was

pr e- pr oqemepd A pRsérRdtive el FRRHS Yisd SBideRs&d SAY ﬁé%%?e%h&@%&ﬁ‘@?

The solid |1 nes 825 25 represent the approxi mat eO%Il ocat’1ons ere gach
oxi de f iSPAVRAaE 43-Reind sireHpicsuhettate @ mvafar) ntaps svevingdavimionabf théd Hiqhaésst s.

G h [ ; i ck h T hicker h
L0 L S A R o S,

The edgevitvagirasbodesidned ROl kefsy e ATRGD 5
ot & Proccan ot Apbleu MRS,

hovs. & TEGIY SO BRSO Prostp EbeduaeHRa e Abpaieinggnd orpach-o
@nd eygach-sikade
l'arge chaa@ssrs) dofdidgRehdof R8BRar 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



I ntroducing a very nodest rotation of only 10 RPM provi des a very
different result (see the right side of FIG 6). The nunber of

equi -thickness lines is reduced and the separation has been

i ncreased. Many of the lines formbasically circular patterns

i ndi cating the expected rotational symmetry of the deposition. A
sinple statistical conparison (shown below the two wafer maps in FIG
6) shows SaesigreRsef AN ehtbplinesdomme basicali eirquésr pettiragiedichting the et ed
col um arga i &bt hat i a e.nean of the asyred
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rotate about the center of the shaft. In another disclosed
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Srep. 11 O BRNERG o fh¥iSiet e B i Wt palingrmianwabbiy
non-ti | t gghemandetas @ saBdraRuphe¥ Bs@mblyh ot |
20de ﬁSi ??Jgn. ltjpon corrpT eti 8%&& Sgl?ggéi@?a%i?ﬁo&%ﬁ%&ﬁé%@f&g%{%&lyﬁdﬁ(@ the
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typi cal i . e.rotary.fluid unia to supply a
f Q@ﬁjﬁéttﬁé th ngsg off dgé})%ltgcf ﬁﬁrp In an gm@é%{;teﬂleﬁﬁliﬂfgéer gl%wﬂt%ws

driving pressure o s 1 nt'o one or nor
rai se onklagiveits thé shaftaxisibksy thbealsomppat.t nember. Upon renoval of the
driving pressure, the pedestal returns to a non-tilted position. 25

Exenpl ar 048] sTaleaibd iR Re &5 ﬁlgca'ﬁyo%taﬁjﬂst[eﬁgs“@éq cﬁ*ﬁ"%@&b{%@é?lt ?s{de%irr]a%le to

deposition systenms nay be incorporated Int arger icatiron

syst ens HayF tHissBbriateionnsd of e rah-wiadposition ridysut inffo g tiltdd sditivs peRetoSUCh

syst 7 : it . i ng and curing chanbers according to

di sciﬁ{)ns e%ggﬁ)%rgi ntcéb%ﬁ]loﬁagp IP?‘E’S]PE’, tﬁ%“t?é‘?artef)afn deipmed 6o the papitijted

subst r atpsgiohs Thiacasbd desipned 360a Wpicd] wodedia fby\&@ﬁl? bad oft tHé‘Yot%?ﬁ%Pu ions
ol di

ti.c arnms 704 and placed into a ow pressuré ng

recei veglobgR I obg ' _
area 706°5HRROF LIRS Bresiust elceas HEQ OB TRare eapsuradhplingqss wbishsaismpone side of
chamber she @ifbatrdte sudps R afitthel, DRI €mBYANof # dﬁ@%g?ﬁessure, 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. F ig. 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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used to transport the substrate wafers fromthe holding area 706 to

t he processing chanbers 708a-f and back. [0047] The processing
chanbers 708a-f may include one or nore system conponents for
depositing, annealing, curing and/or etching a flowable dielectric
filmon the substrate wafer. 5In one configuration, two pairs of the
processi ng chanber (e.g., 708c-d and 708e-1) may be used to deposit

t he fl onadBp@iodraasrast the substate wafdrs omtthechddihg hreaes to&ﬂ@pﬂob«%s&? hantRad T
of procesgighgd ahedmers (e.g., 708a-b) nmay be used to anneal the
deposited dielectic. In another configuration, the sanme two pairs of

pr ocessi anpers (e.g.,708c-d and 708e-1) may be configured to
bot h depgg?ﬁameé’ﬁ%éﬁg%hﬁwgmﬂp%a-améy tstudp eng ¢ meremystére cempatenatfer,
whi | e t helep&sitiny fitheDdisl @ : - be used for W/
o £ heam o o e o ingSHABE fink & pmbl AR IR o B 3 Sater
conf i Eur b PBhconiITation, dwo paity of thef protrasibe clsmn(ber @.g., 7088d-dh) 70BNy be
confi gur | uk. flowabl e dielectric filmon the
subst r at ggec% t?] dggégﬁzﬁleo%%b?ec%%&ﬁﬁ Pﬁﬁi@ ISL?H TS%“bﬁHf‘tPsané fthethisd pais phg
chanber s pfeesping ch@Bberd (af (1708299 rhdy traKePR Hs& iy

and WV or Efbe m cgri ng of thggf I%ywab_lz di el eg%hfreiqg?&%??lgﬁg&?hllhrag&her
pai r of “TR'GFBOBSEF MFICRORIES 61 precessing oizantisys (mgy708e-dimed/0Bed) may be
anneal i ngoh &l 18 bemtdeh&sit 4 i reci at hat )

addi t i onaﬁ f?:}%;fi gur at iel(;nét d(I)lP mc}lneég%)?s%#%br%?&gﬁgtglg?ﬁnﬁﬁnzﬁdds%ﬂﬁtﬁd"h‘le the
chanB8r s thitshpain ol ghambersiieat.. FBa-bg may bassedrfer Gonk E%b@t@ﬂﬁgw%gg ted

700. [00 L hl one,.or re of the process chanbers 708a-f
may be cgn ig{]usrt@gﬂgﬁskg&%ggmﬁ?%fa@me mﬁgelpambm@g., pP-Bamaycheanber s
| ncl ude  hetgursg (o Hepot ameizt @ fdbiableekddotrid iR e Shsle 2RI AASES € hat
i ncl ude noistur.e. Thus, enpbodi nents of system 700 may 1 ncl ude wet

t r eat mentfORIFHIHER-dWo @ALES ¢f HipRFsumhERMbe e RS eyl aivTiBefsmaPBeuddd o
10049) Fr g o Shonand OV 06 Sl of e SRR SRR Sy TE psbtesing
syst & 8BOCHHIaE shambsey ear F0%eb)hat e 8@ fpasicalingntd daheue: filRe [BiilEhe
nozzl es i i e precursors froma 25top inlet 854. The
per f or at %ﬁﬁ%ﬁ%ﬁ W@E%td?l osn%l {r]‘f%lﬁlg‘éfghl?lﬁé)faf@@mog&ngcqlwg St pringshambgrs foy
of openi figsatidditlctiriavitns arctcbitem a9 s§stath 7ofe pl ate. The plate may
replace or work in conjunction with the baffle 124 in FIG 1. The

late 85 tbok 220 !
S5m0 B

may di st Feaynens chaunletir z Thege geses, chamlbdrs mchilohéating MeTRWaBRAAEEE BB in

oxygen-c LI e Oli.ke T or OMCTS. In the illustrated

conf %ur%@h&h? %etgagil}cz'fd%%odébrﬁs (18S: PRPPdsHiE af pystes 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  topinlet 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 baftle 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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t he deposition chanber above the silicon containing precursors, which
are al so introduced above the deposition substrate (fromthe side
nozzl es 853). [ 0050] Having described several enbodinents, it wll
be recogni zed by those of skill in the art that various

nodi fications, alternative constructions, and equival ents may be used
w t hout d ting. fromthe spirit of the disclosed enbodi ments.

Addi ti onaﬁﬁ?@l Yingglescribed several pmbedimente dewilldhs racngnizbé hp those btk inalie
been desgg ki ; ' rily . 50bscurin he present
et | o o s Bl P i N R P BB B be Bl
| i mi ti ng depratingipra thef spurtiof thevdisetdsehembddd@&it]. AMdifichatly, AitGebepbf Wal ues

IS provi Lt Ls.understo t hat ,each iqntervening value, to the

tenth of @ﬁﬁ‘@hﬁf%sé%sfanﬁ lemegides ?‘?ﬁbf’e’lfgﬂs"é[él?gﬂfh%r%wﬁ_taé&l@ ugpesasspijly

di ct ates obtchengihegresbratimeation, N&cdRIRYy, ARatoQ¥8Lscli tmntsgoﬁlfi nb{¥ tak NG €
cifically disclosed. Each smaller range 10between any

is also jﬂ%ﬁ
stated vaPiER&He seoPePlBAIYENNR ue in a stated range and any ot her
stated or intervening value in that stated range is enconpassed. The

upper and005djitheteiarangs dffvatubeis erovidud] i s undag®sd Y cdch HeROBARNAlYe, RS

i ncl uded 40r ed ip the range, and each range where either,

nei t her 61% tB@?ﬁHﬁ? i QP%’F EOW%HHWSF etcﬁgtegﬁiqa%mdlqtaé?pgggerwgeabwen
enconpas stedippértdat Towd? @imiR\WE fHat BRee SWR i Ci]

excl i&ed Iim'wt= in the stlat ed rangee. %g%&?ﬁg??ég@%&?@gﬁg@b@fF]aé, Udes

one bEEtHedt anyistated yalyeor intervering walet indi stajedsiangramdany btehstattd bhos e

i ncl uded;did P : ' 052 used herein and in the
appended ' (tzlrg%lﬁn% ‘aa'[h%el ﬂ??d(rel S%Fg lrr%%g r%rr%l [:Qrgp%sl;edgﬁﬁh}e URPf and fpaver ﬁﬂ’(’:tF QYthese
plural rehglieerangesmbeingerendertiyriedndudell epetcyuddil ¢ @t @ g0lN8 XS EngeTHUS,

for exa reference to."a process” includes a plurality of such
process ggv lhgfﬁ d ltﬁeéf I?eer‘tg?fcoétbf)gl lipiigargyichided mghs spellea engesds alse rcempessoie

or nore withiartke ANEhtREWuBREED LAY SlefR iRith iLledy e
art, and so forth. [00%13 Al so),( ﬂt%h_e %&%‘g&ﬁ%%itﬁggégta?égghﬁi s}ii/%é%ﬁw
"i nclUdestated range mgludes oneps §othj of ghel ieits; rangesrexaludingierihdrivr doth of those

speci fi cakiyaty Bfs ér?afsB%cftheho‘M ng clains are intended to specify the
presence of stated features, integers, conponents, or steps, but they

do not p[ﬂ%gi]ugseusgg Eerein and in the appended claims, the singular forms "a”, "an", and "the"
include plural referents unless the context clearly dictates otherwise. Thus, for example,
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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25presence or addition of one or nore other features, integers,-
conponents, steps, acts, or groups. WHAT IS CLAIMED IS: 1. A
sem conduct or processi ng system conpri sing: a processing
chanber having an interior capable of holding an internal chanber
pressure which can be different fromthe external chanber pressure;
a punping system coupled to said chanber and adapted to renobve
material fromthe processing chanber; a substrate support assenbly
conpri si ng: a substrate support menber adapted to support
a substrate inside the processing chanber; a substrate
support WRRISCIAIMED ISi t he substrate support nember in a
rotationally rigid manner, wherein the substrate support shaft can
rotate relative to the processi ng chanber; a notor coupl ed
to the substrate guppo%ﬁ“%ﬁ%ﬁ#”@hmﬁﬁﬁﬁﬁg@@Eedmnmﬁﬁugate the substrate
support assenbly ahrogekilb akd and .200

B R B SRR o BB E mr Famr,

at |least one rotary seal "cou ubstra sup
and t he PEFsehie ¥hichgan brdifferent figme theientemakehamberpyessiee;l al | ows t he system

to maintain an infgihah AfPEL SS LA ifferent. fromthe external
chanber pressure even V\%%}r% gﬁ% glggg'isr?’gatcga@%%ﬁgér ({]“ggegéwwv‘??ate”ﬁ from
r ot at i n@ie processing chambgry | east two rotary fluid couplings configured
to conduct a fluigd hetwe t one.stationary channel and at

| east one rotatabl e %ﬁanﬁ@?aaf%%ﬁ%yfﬁmlﬁwgkessing chanber, wherein
two of the at |east tecsubsitatersypfidriieie adHpicd 36 sudpért U Seirkto irgide gual at e

a tenperatur fluid through the rotating support assenbly,
and wherein ﬁrﬁgé%tgsé%%%%%ﬁre controlled fluid passes through channel s

di sposed throughout t heusuhstsuaios: shafpRibled MR Sibstirte kQHUE SehldSr in a

t enperature he.substrate suppor t nmber and the substrate; and

a rotary el e@’]t(tarﬁ?) Iéagy %‘z@?%{’gﬂﬁﬁ%@ﬁﬁm‘éﬁ?t%ﬂ’ww ghafiran &qtete relative toythe o
pass bet weenpratestiegeiambee St ati onary conductor outside the processing
chanmber and at | east one {egtroa%?bl e conductor w thin the processing

chamber. 2. The séffEBhEYR Sbaeas shpper shadhpnd ronfiaaredite rotahtde ei n
the at bubalsdte aipport assembly at a rotational speed between 1 RPM and 2000 RPM;

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

processing chamber, wherein the rotary seal allows the system to maintain an internal chamber
pressure different from the external chamber pressure even when the substrate support assembly
is rotating;

at least two rotary fluid couplings configured to conduect a fluid between at least
one stationary channel and at least one rotatable channel within the processing chamber, wherein
two of the at least two rotary fluid couplings are used to circulate a temperature controlled fluid
through the rotating support assembly, and wherein the temperature controlled fluid passes
through channels disposed throughout the substrate support member to reduce the temperature of
the substrate support member and the substrate; and '

a rotary electrical feed-through configured to allow electricity to pass between at

least one stationary conductor outside the processing chamber and at least one rotatable

conductor within the processing chamber,

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

provide a channel for removing gas from between the at least two rotary seals.
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rotary seal conprises at |least two rotary seals and a differential
punpi ng port is configured to provide a channel for renoving gas from
between the at least two rotary seals. 3. The

sem conduct or processing systemof claim1l1l, wherein the rotary

el ectrical feed-through is used to provide power to a heater near the
substrate support menber which provides a heating source to increase
the tenperature of the substrate support menber and the substrate.

4. The sem conductor processing systemof claim1, wherein the rotary
el ectrical feed-thr ouéﬁhelsgnmsmcmopquwngia'sam@daargé Wwherain the rotary

el ectro oJe]

5. “The. Seori GefithRe:IREIBRk e dowkb S satplical e SHRRRE hoplp BRInber
rotatio mdlllchsqg@\eqtbs iadietfotzvseenc whooertass theRRMeaatae abte Bub]sﬁﬁte Ritort member and

A)Er

6. The g %g% uct or processing systemof claiml1, wherein the notor
i's conflgure O rotate the shaft in both clockw se and
count ercl ockwi se directions. 7. The sem conduct or

processi ng syst ert-of &luisw@ndmhterBiocﬁssith)tSEnpﬁmbﬂimrIEWhe;rcihrtlml1btacy

I lhgl g.t p?egtg?altgér}%lqlﬂ%pgﬁ;ﬂ%@é}lel{o%révﬁhe ah\f%ltage 3 téﬁ ak':ﬁlosy RO, Iﬁggg{e%]}a%gm ocl}%le
processsm’rgtr&ysmwmtmienﬂaleal m 1, wherein one of the at | east one rotary
fluid coupling is used to conduct vacuum up through the substrat e

on {he. subet rat o Suppart sREabSPRRLHERRR il {iind OF JEBHOAN
pr ocessﬁmdmn@bowllaﬁmand\mgndmwm rotary el ectrical
feed-through makes a rotary el ectrical connection utilizing at | east
bUshi ngs, bal | - beari naas sl ibsteslfl Shtch of SR, DhfFH A ndtB 8
sem conéerdieyred o m%ﬁ@fsm@mlW@andwonntemkmsn divkrdiosubstrate i s
circular and the center of the substrate is on the axis of the

Fotate st aniT1 carkly. Mhea e ucEtyetesahy SR Ualh 2 Gt he)ghoziue
seni conﬂ‘?ﬂgﬂoﬂﬁd %‘ﬂé@é‘%gﬁ thepugly shaanglom the subsirate supbast Diafi ta ¢ol thelatleastione | s
circul apyahdedihe center of the substrate is not on the axis of the
substrate Support shaft so the center of the substrate rotates when
t he substrate su ort shaft rotates. 12. The

seni conduct or 5 s es s THE SHYisenskeior propessing systepynd elaim 1t Weereinbag ofheati s
1 E“L?‘?ﬁ@‘*zhbs o g 1Ey e LB Vil B e EERE gl
subst r atathe gibsisate supheit mepmbenip sbuck the substrate on th@subJthate sppdtt owaibet or
processi ng systemof claim 12, wherein the tilt of the axis of the
SlﬁbeE rate i s abouj 2 31‘h9§eﬂ11@§r§lu3t5ﬁﬁb%é§§n l%mQchfgﬂﬁl%Uﬁ%ﬁg%e%gﬁﬁgpfnort
sha he sem conduct or processi S [

12, whetléstrical fedithipughymales 8 f@ili)@lf@fmﬂlffénmgbm mtdtzmguasfgasﬂ josoftht group

dur i Ng Bodsishin® SERASH hd+ tal b sing
syst em of Sg}lal mRJZ V\%@lﬂglmea "“Sélﬁ éntegagP%mg %@ﬂgﬁgy% L&’Follﬂ-fg%;%?

non-tilted to a tllted position during the fil mdep05|t|on
0.  The semiconductor processing system of claim 1, wherein the substrate is

circular and the center of the substrate is on the axis of the substrate support shaft so the center of

the substrate does not rotate significantly when the substrate rotates.

11.  The semiconducior processing system of claim 1, wherein the substrate is
circular and the center of the substrate is not on the axis of the substrate support shaft so the

center of the substrate rotates when the substrate support shaft rotates.
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16. The sem conductor processing systemof claim1l, wherein the
system conprises a lift nmechani smcoupled to the shaft for raising
and | owering the substrate support nenber.

12. The semiconductor processing system of claim 1, wherein the substrate is
circular and the axis of the substrate is tilted with respect to the axis of the substrate support shaft

to create a wobble when the substrate support shaft rotates.

13.  The semiconductor processing system of claim 12, wherein the tilt of the

axis of the substrate is about 0.1° or less from the axis of the substrate support shaft.

14.  The semiconductor processing system of claim 12, wherein the tilt of the

axis of the substrate is adjustable during a film deposition.

15.  The semiconductor processing system of claim 12, wherein the substrate is

adjusted from a non-tilted to a tilted position during the film deposition.

16.  The semiconductor processing system of claim 1, wherein the system
comprises a lift mechanism coupled to the shaft for raising and lowering the substrate support

member.
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