WD 2006/ 031234 PCT/ US2004/ 030275 1 PLASMA ENHANCED
CHEM CAL VAPOR DEPCSI TI ON  APPARATUS AND METHOD
WEAUWKGRAIND Pl asma enhanced chemi cal vapor depBeTmiSem4/030275
("PECVD') systens may be wused, for exanple, in
sem conduct or manufacturing processes to deposit thin
films of silicon onto a substrate. Conventional PECVD
systens include a deposition chanber with two or
three el ectrodes that, when excited by a voltage,
ionize the reactant gas between the el ectrodes to
create a plasnma. In many instances, the reactant gas
is supplied directly into the high intensity plasnma
regi on through one of the electrodes, which is
commonly referred to as a "showerhead" el ectrode.
Al t hough PECVD has proven to be a useful process, the
present inventors have determ ned that conventiona
PECVD processes are susceptible to inprovenent. Mre
speci f IRLASMA ENBANCGEBGHEMIGALIMAPOR/ BERPOSITIONed
that the deposit] s jonal PECVD
processes must beAEEﬁlﬂgﬁﬁﬁ%N@wgfgwq)n order to
produce acceptable filmquality and, given the fact
that the cost of conventional PECVD systens is
conparable to the cost of deposition systens such as
sputtering systens th deposition rates,
the per unit area cos?éAbﬁxﬁaﬁ produced by
conventi onal PECVD processes is relatlvely hi gh. The

present inventors have al so det er m ned )
corRlasmpoerharped\ehemisalewaray denesit E&é?%tsystems may be
er e I
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I'tion process, thereby being wasted. The present
reachamtegas isssupplied alireotiyistethe highl intaasitysplaswaregion through one of
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OPEXIHRGhIPECUD BAS pPHRFSIY 166 a Lpfulr gracees) tthowiresdrdlinventors
hav%onc?eeigrt'nrn%gdor’zrslat acrg)?\ventlonal PECVD processes are susceptible to
improvement. More specifically, the present inventors have determined that the
deposition rates of conventional PECVD processes must be kept relatively low in
order to produce acceptable film quality and, given the fact that the cost of
conventional PECVD systems is comparable to the cost of deposition systems such
as sputtering systems that have higher deposition rates, the per unit area cost of
films produced by conventional PECVD processes is relatively high. The present
inventors have also determined that conventional PECVD processes consume
reactant materials (e.g. silane) inefficiently because the concentration of the silane
in the reactant gas (e.g. silane and hydrogen) is only marginally higher than the
concentration of the reactant material in the exhaust. As such, the vast majority of
the silane flows through the system and is not utilized by the deposition process,

thereby being wasted. The present inventors have also determined that silicon



excitation power, all of which result in |ow

deposition rates. The formation of silicon particles
woO20@rosemati c, thereby necessitating the | owPCT/US2004/030275

deposition rates, because the particles can danage
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Detailed description of embodiments of the inventions will be made with
reference to the accompanying drawings.

Figure 1 is a block diagram of a PECVD apparatus in accordance with an
embodiment of a present invention.

Figure 2 is a perspective, cutaway view of a deposition chamber in
accordance with an embodiment of a present invention.

Figure 3 is a section view taken along line 3-3 in Figure 2.

Figure 4 is a side view of rod electrodes in accordance with an embodiment

of a present invention.



carrying out the inventions. This description is not

to be taken in a limting sense, but is nade nerely
woéanostode3pur pose of illustrating the general ppPCHaiSpioes30275

of the inventions. It should also be noted that

detai |l ed di scussions of the various aspects of PECVD

systens that are not pertin&gnt to the present

i nventions have been omtted for the sake of

sinplicity. Additionally, although the i nvent|
e SETAIBED DESCRIPTINGH ToE LLUSTRARED GMBPITNENTS

films of silicon (Si) fromsilane (SiH4), they are
not limted to any particular types of filns or input
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I nvention includes a deposition chanmber ?ﬂ i
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strates on opposite sides
mc@ﬂp@?été@d@opéds seiconti0dtor Tmterals can alto be fabrisaied Gheidppant is

mogugasﬁ@gg&t%ﬁge égg’rlg?qnggt@aéég Sé&@@?o 6? éritfrob@fcgﬁ by |ncIud|ng
a é@lgspfé'cgeof BB?Q&'&N’CO‘H &% Re Jﬁﬁé,rﬁﬁsrégﬁin/\/e@éstﬁmrces for doping

carrrers 0ba and 106b when excited g
matérialsa@elude fpr elxampde ﬂn@@ﬁibﬂd}@@%@(@ﬁs&) padpphosphing {PHa).

b
as séﬁﬁlﬁ&;?rft?@efjog E@wgq I%‘%é}/ r%% ?ljne’Fdd ﬁ’gﬁccordance
with 'Shed RPBUIMER &ﬂ“éfﬁ?ééeﬂtoiﬁv@mﬂbri B‘lclwlesa:tdepomhoa chamber 102

reactant gas source 110 b of a

witha eipaiiesodessssnil o0 baERS a paihSheubstieieGRaTy 068 and
104208S SAFLSRPGH T HR P 48 bosiin SBbstats b dhoste sides

from
of Hhe diedfidenbsesfblye104. $hda|eiectrddeoassembkye)04|ls the exemplary

imeststogoporet s ion SPuchdR. 3he! BEctHis! Ay 104
cre%%% Pﬁéégﬁo%ﬁbﬂ%ﬁ t%?(ﬁ)hzsﬁgéj kddiOns béﬂ\iéeﬂ gt susteratOcarriers
106a and 106b when excited by a voltage, e.g. radio frequency (RF) or direct
current (DC), provided by a power supply 108. The electrode assembly 104 is also
used to deliver reactant gas to the deposition chamber 102 and is connected fo a
reactant gas source 110 by way of a manifold 112a. During the deposition process,
plasma is created in the area between substrates that are carried by the substrate
carriers 106a and 106b and material from the reactant gas (e.g. silicon from silane)
is deposited from the plasma onto both of the substrates simultaneously to form

films (e.g. silicon films) on both of the substrates. In addition, the electrode



4 assenbly 104 is used to evacuate exhaust fromthe

deposition chanber 102 and, to that end, is connected
woaomrn3eshaust device 114, such as vacuum punpPCDS2Ey/030275

of the manifold 112b. Operation of the PECVD system

100 is nonitored and controlled by a controller 116,

based at least in part on dhta from sensors 118.
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enter the exenplary deposition chapber 102 b
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the deposition chanber 102, in addition
thelngﬂtnate;s ﬂﬂ@m ariole 201y @qssdmtwp?n tbggjp{lqargnlgdthecgwlated roller

uriashier 56 o, 5l g SRUEAP oIS A vl
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poslm@bt(a@emwgablngbgﬁa gamﬁ{%mc&p qe\ﬁg(ogggét’e a|r1]d chain
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arm, held in place by sliding or roller guides and then removed from the chamber by

the robot arm after the deposition is complete. Still another alternative is to employ
rollers that engage the top and bottom edges of the substrates 120a and 120b and
rotate about axes that are perpendicular to the direction indicated by arrows A.

The interior of the deposition chamber 102 in the exemplary embodiment is
relatively narrow. More specifically, the distance between the substrates 120a and
120b is substantially less than the length of the chamber (measured in the direction
of arrows A) and the height of the chamber (measured in the direction perpendicular



relatively narrow. More specifically, the distance

bet ween the substrates 120a and 120b is substantially
woesws/Btam the | ength of the chanber (measuredPCI/USE®4/030275

direction of arrows A) and the height of the chanber

(measured in the direction perpendi cul ar WO

2006/ 031234 PCT/ US2004/ 030255 5to arrows A). For

exanpl e, the distance between substrates 120a and 120b

may be one-tenth or less of the |ength hei
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substrate travel increases ﬁ1e percentage of the plasma generated silicon that is
deposited onto the substrates and decreases the amount that is deposited onto
the chamber walls, as compared to conventional deposition chambers. As a
result, the reactant materials are consumed more efficiently. The downtime and
expense associated with deposition chamber cleaning and maintenance is also
reduced. The close spacing between the electrode assembly 104 and the
substrates 120a and 120b also facilitates rapid diffusion in the smallest
dimension to be the dominant process for transporting atomic hydrogen created
at the center of the deposition chamber 102 {o the substrates, where the atomic

hydrogen can react with silane to create the pre-cursors that result in the



result, the reactant materials are consuned nore
efficiently. The downtime and expense associated wth
wdepwaiBiizen chanmber cl eani ng and mai nt enance i BCAIUS2004/030275

reduced. The cl ose spacing between the el ectrode

assenbly 104 and the substrates 120a and 120b al so
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rod electrodes. Low intensity electric fields and low intensity plasma regions 130 are
created near the substrates 120a and 120b. More specifically, in an exemplary
implementation where adjacent rod electrodes 126 are spaced from one another by
one rod diameter (i.e. two diameters from longitudinal axis to longitudinal axis) and
the substrates spaced from the central plane CP by three and one-half rod
electrode diameters, the intensity of the electric fields between the rod electrodes
are significantly greater than ten times the intensity of the electric field near the

substrates 120a and 120b.



this manner creates regions of high intensity electric
field between adjacent rod electrodes 126 and,

weacewrdizgl y, regions of intense plasma 128 beP@E®IS2004/030275
adj acent rod electrodes. Low intensity electric

fields and low intensity plasma regions 130 are
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bl PSR GBSl IR in Figures 2.4
ma§Uubs farieesfrovhgnetriety bf matiriatashatiare retativelychigh in thermal and
electrical conductivity to achieve a uniform electrical field and uniform
temperature along the length of the rod. Material that is inert in a hydrogen
plasma, such as titanium or stainless steel, may be used. Alternatively, the rod
electrodes 126 may be formed from a material, such as titanium or doped silicon
that is very, very slowly etched by the hydrogen plasma and deposited in minute
quantities along with the silicon. This technique may be employed to introduce
catalyst material such as titanium (Ti) that improves the growth rate or quality of
the silicon and/or to introduce dopants such as boron (B) or phosphorous (P)

without the need for toxic input gasses like phosphine (PHz).



control plasma properties, i.e. confine the plasm and

direct the nmoverment of ions and electrons within the
wolemsra123Wth respect to materials, the rod el eCTUS2®S/030275

126 illustrated in Figures 2-4 may be forned froma
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also be instances where the spacing between the rod electrodes 126 vary, where
some or all of the rod electrodes are slightly offset from the central plane CP and/or
where some of the rod electrodes are not parallel to others. The cross-sectional
size of the rod electrodes (e.g. the diameter where the rod electrodes are
cylindrical) may also be varied from electrode to electrode to suit particular
applications.

There are a number of advantages associated with the present electrode
assembly 104. For example, the arrangement of the plurality of closely spaced rod
electrodes 126 allows higher RF frequencies to be used to excite the plasma in the
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compared to the diffusion length for atomic hydrogen. Atomic hydrogen generated
in the central plane CP diffuse easily to the substrates and unlike experimental
systems that have been reported in PECVD-related literature, does not have to flow
through a tube or other apparatus through which much of the atomic hydrogen
would react and be lost. The high intensity plasma regions 128 in the central plane
CP between the rod electrodes 126 also generate intense UV photons that can
easily flow to the substrates 120a and 120b. Unlike other experimental systems that
have been reported in PECVD-related literature, the UV photons can flow to
substrate without passing from outside the deposition chamber through a window or

other apparatus that decreases the photon intensity and creates a significant
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& e?hé'e?é&%oateoassembly 104 may, in some implementations of the present
inventions, also be used during the deposition process to deliver reactant materials
to the deposition chamber 102 and to evacuate exhaust from the deposition
chamber. To that end, and referring to Figures 3 and 4, the rod electrodes 126
include interior lumens 132 that are connected to the manifold 112a (or 112b) and
apertures 134 that connect the interior lumens to the interior of the deposition
chamber 102. Each rod electrode 126 includes two sets of apertures 134, one set
that faces the substrate 120a and another set that faces the substrate 120b. The
interior lumens 126 in the illustrated embodiment are connected to the manifolds

112a and 112b such that, in the direction of substrate travel (i.e. the direction
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diameter rod electrodes 126 with 200 um apertures 134, there is about 5% less

spacing at the center (i.e. about 0.475 cm spacing) and about 5% more spacing at
the longitudinal ends (i.e. about 0.525 cm spacing) and the change occurs linearly.
This results in a uniform flow rate through the apertures 134 in the rod electrodes
126 from one longitudinal end of the rod electrodes 126 to the other. The apertures
134 may also be aligned with one another from one rod electrode 126 to the next,
or staggered, as applications require.

As discussed above with reference to Figures 3 and 4, supplying energy in
alternating phases from one rod electrode 126 to the next adjacent rod electrode
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already in the deposition chamber 102 to achieve an approximately 7%
concentration of silane in hydrogen. The diffusion occurs before the silane
reaches the high intensity plasma regions 128 where the silane is consumed by
the decomposition into silicon and hydrogen (SiHs > Si + 2H,). The rapid
diffusion and dilution into the hydrogen atmosphere with the deposition chamber
102 prior to encountering high intensity plasma regions 128, as well as the
relatively short rod electrode to adjacent rod electrode distance that the silane

travels and correspondlngly short residence time within the deposition chamber
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deposited onto substrates. As noted above, the geometry of the present
deposition chamber 102 reduces the percentage of silicon that is deposited onto
the walls of the deposition chamber and, accordingly, the overall utilization
efficiency of the present PECVD system 100 is about 70%.

Another advantage associated with the supply of pure silane through some
of the rod electrodes 126 and the evacuation of exhaust through others is that it
facilitates much lower gas flow rates than conventional PECVD systems. For a
given reaction rate (n), the input flow rate for conventional PECVD systems (7%
silane in hydrogen) is 100n, the exhaust flow rate (6% silane in hydrogen) is 100n
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thepé I%noﬂﬁ éth: iRF os"%’?g éﬁ%ﬁpé%@@%é h84 pes e adjacent
rod electrodes and reactant |s supplled to, a(r)1d exhaust is evacuated from, the
region where the electrical field is minimized. This implementation of the inventions
also benefits from the very short travel distance from a rod electrode 126 that is
supplying reactant to a rod electrode that is evaéuating exhaust in that the dwell
time for silane in the reaction chamber 102 is short, even though the flow rates are
low, and the short dwell time minimizes the formation of high order silanes and/or
silicon particles.

The reactant gas source 110, which may be used to supply the deposition
chamber 102 with hydrogen (or hydrogen and argon) prior the initiation of the
deposition process and pure silane during the deposition process, includes a

plurality of storage containers G4-Gn. Other gasses that may be stored include



the walls of the deposition chanber and, accordingly,

the overall utilization efficiency of the present
WOE@DéD3spst em 100 i s about 70% Anot her advant BgE/US2004/030275

associated with the supply of pure silane through sone

of the rod el ectrodes 126 and the evacuati on of

exhaust through others is tRat it facilitates much

| oner gas flow rates than conventional PECVD systens

For a given reaction rate (n), 47 t ro
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| ower flowrates allow for a nuch | ower
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nal ntarn a constant chanb pressure.
deszmowecfnarﬁmr rhay havedntriled dased fupom data mrre lti@; senss 118. As

noted gbobga%@}z@ggﬁﬁég%%ggg nt IIQ?Igg @i‘?%ﬁf *h%% {l/“lgﬂgtse at which
the s{_ﬂgﬁtﬁ @&d{s‘ﬁ?ﬁgd tehtl{eléle?&)sﬁ% rbféf) begagid oAndH shald engimrnt of the

eposi tton chanmber 102 in the illustrate
snaammmt Whessfor aparticuartdepogiiien rate; ami pqvw |§V¢'é\ﬁ’@“¢‘i‘1 to the
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magowaé(iue&eef by Redpade from | theesemsuls 0t 1&itbi aciieve the desired
arti not ed above, in an alternative

conceptratiemtaftsilane inHiber exhasisk geFofes alePaialing RqiNfein Y"H'Ch the

ool s TP W gl BB 84ck 388 aféenmation of
sHaZ@écteinr %ab??i??‘@gﬂﬁrﬁat\elya foredpmtratireg yoints |ﬁorvhmh the deposmon
ratg dg liided tbp,{esﬂ@gﬁtq%let%na Ha n C?ﬂtgfofgtﬁeéﬁlﬁs issggjﬁsted to be
B A e i
exiEt igas ammoatins zére. Iperaxhaust e imalsof eantioded dyafeedback to
maintain the pressure in the deposition chamber 102 at the desired pressure (e.g.
about 300 mTorr). The temperature of the substrates 120a and 120b and the
frequency and power level of the plasma excitation are typically controlled to
achieve the desired quality of silicon at the desired deposition rate. Accordingly, the
sensors 118 may include a gas concentration sensor associated with the exhaust
device 114, a pressure sensor within the deposition chamber 102, and a
temperature sensor associated with the substrates 120a and 120b. A sensor that
detects the presence of a plasma to verify correct operation may also be provided.
Controliing the PECVD process in the manner described above allows the

present PECVD system to perform continuous deposition processes at a stable,



rod el ectrodes and reactant is supplied to, and
exhaust is evacuated from the region where the
webhewmtsinal field is mnimzed. This inplenmentaCTMS2#/030275
the inventions also benefits fromthe very short
travel distance froma rod electrode 126 that is
suppl ying reactant to a rod®el ectrode that is
evacuating exhaust in that the dwell tine for silane
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c;)ower supply 108 (or "plasma power"), the input flow
ana/ar additiens.be adj usted by feedback fromthe sensors 118
to achieve the desired concentration of silane in the
exhaust gas. For an operating point in which the



deposition rate is limted by the plasma power, the
exhaust gas concentration of silane can be about
woe-260)03/3t er nat i vel y, for operating points in wrarais2dome30275
deposition rate is limted by silane depletion, the
input flowrate of the S|Iane is adjusted to be equal
to the rate consuned in thé dep03|t| on and the
concentration of silane in the exhaust gas approaches
zero. The exhaust rate is also controlled by feedback
to maintain the pressur@WMshe deposi ti on chanber
102 at the desired pressure (e.g. about 300 milorr).
The tenperature of the substrates 120a and 120b and
We thfim: frequency and power |evel of the plasma
excitation are typically controlled to achieve the
desi red guality of silicon at the desired deposition
raye. Ageouilinib broddRing apstams oddrishy: | ncl ude a gas
concentra fon sensor associated with the exhaust
devi ce bldepasiﬁnfesmbesaﬁldor wi thin the deposition

hanb t ' j:at
Che subst Al ob b AP BigitdesS BESROnaS ARAiA e WopBition
chah%rpﬂéﬁﬁggeplﬁéma r@gﬁﬁﬁi&acﬂjacémﬂhfeyetopandd’ta\mpganmerrtal lumens
'so bé provid

Controlling the PECV ess in
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systemto perform conti nuous deposition processes at a
stabl e, WD 2006/ 031234 PCT/ US2004/ 030275 16 steady
stage wishssisthbite prepssiagusysteyasasf icaimedain claim 1, further
concentrations, deposition rates, etc. The controller
comprsingin use feedback from the sensors 118 to adj ust
the par%a cgéﬁté’cg L8 petahy @onhbeRdyosdtaéastantie of the tubular
achi eve the eS|re material properties. The
clectoodesiat i on of steady state operation and paraneter
adj ustment, based on sensors within the systemas the
deposition process proceeds, together with rapid
di f4 usi of didskafl procRRYINGOSystam  as kidiyed! ihaolain Be wherein the
manuf acture of the present system to be nuch |ess
reaptant issuréencorpprises @ gastSOUEances, and less uniformin
gas flow As a result, the present systemcan be
manuf actured nuch | ess expensively than conventi onal
"bagch npdelibstystee proodssing dysiesi t asratiaimes) ini claim 1, further
conparable uniformty and sem conducting properties.
cormpesipgesent PECVD system 100 may be used to produce a
variety pRiERt Bneldftthe tubular
not |lim ?étl gﬁh&%&}%%%%kysgg%ﬁ%%@ﬁ%y be used to
eletffodedi gh qual ity anmor phous or nano-crystalline
silicon sem conduct or



| ayers on very large substrates (e.g. 1 mx 0.5 m
that nmay be utilized in silicon photovoltaic cells
wanewsise | arge area, |ow cost devices. Althoeg/uskm4/030275
present inventions have been described in terns of the
enbodi nents above, numerous nodifications and/ or
additions to the above- des® i bed enbodi ments woul d be
readily apparent to one skilled in the art. It is
i ntended that the scope of the present inyenti ?ns
extiend A subistrate PIeeEsSING a8YSEH® asngleipeddth GRS 1, viyrther
co 2906/ 031234 PCT/ US2004/ 030275 17 CLAIMS W claim 1.
mR Strate processing system conprising: a
deposi t izpresdtanbesurcansperaplyucairgcedto taupluirality of the tubular
el ectrodes positioned within the deposition chanber,
eledtegdes; Agdpl asma regi ons adj acent thereto, and having

I nter nalad BRAgst @é\ﬁ%éé%ﬁé?éﬂf%phﬁééte@%@?ﬂuzr?lﬂz of the tubular

internal  [unens to t eposi tion chanber.
electtdiids; at e processing systemas clainmed in claim 1,

further conprising: a reactan
connect SdNeEI AL I@%@t OBR o&'et h@mﬁ)gﬁgﬂgaégghﬁ 81 operably
congiec £ WS tre6@nPEBERES i thoaysd Batesert =i lorst two dfathen tubular
, ereln the reactant source conprises, a

eleﬁr]mqesetlhai?re‘w\oﬁamly aoRNgted éa fiegxhaust devics. gﬁéi%%{aﬁfr?ne of
oG08 B e b Shet S BE APDEGe AR S AL GRvice s toated

betRbBA 410885t tWHDLABRUD3IAR 3t cRCILETRAIEOREAbly comingcted to the

substrate processing systemas clained in claim1,
reagtant $8HC& onpri si ng:

6. A substrate processing system as claimed in claim 1, wherein the

apertures do not face adjacent tubular electrodes.

7. A substrate processing system as claimed in claim 1, wherein the
tubular electrodes define a common electrode plane having opposite sides, each
of the tubular electrodes has apertures on both sides of the commbn electrode
plane, and the apertures face in directions that are perpendicular to the common

electrode plane.

8. A substrate processing system as claimed in claim 1, wherein the
tubular electrodes define a common electrode plane, the substrate processing
system further comprising:

first and second substrate carriers on opposite sides of the common

electrode plane.

9. A substrate processing system as claimed in claim 8, wherein the
first and second substrate carriers are adapted to position the first and second
substrates less than a diffusion length of atomic hydrogen from the tubular

electrodes.



a reactant source operably connected to a plurality of
the tubular el ectrodes; and an exhaust device

wopeseaniag4 connected to a plurality of the tububP@r/us2004/030275
el ectrodes; wherein at | east one of the tubular
el ectrodes that are operably connected the reactant
source is l'ocated between & | east two of the tubular
el ectrodes that are operably connected to the exhaust
device, and at |east one of the tubular el ectrodes
that are operably connected the exhaust device is

|e|03 : fg&g%%ﬁq gﬁ%’%g@ﬁé&&%ﬁgg%ﬁé@?mﬁm %Laim 8, wherein the

flrstrﬁﬂf ta8bnd® QubSRatebeartiefd B bdapteﬂrtmcpsstmg the s‘irsimarad; second
l[armed in claiml1l, wherein th res do not

subsiiatesont aiRtaNce] BON o dubviar ABCRaI¥s anh Alsent Hfbular
eleé\yo(gteﬁ %e%o%c%tdr%@ar’t Brod @hg‘aéqotmf bNeddod digtincarthat is less

conmon ectrode plane having
tha? Hiofrist dissastes, each of the tubul ar el ectrodes has
apertures on both sides of the common el ectrode
pl ane, and the apertures face in directions that are

perpendi £ Wl Bkirhfe Pib%eegﬁg@yste@h%@ Elaffed linreaimd1, Whereln the
S

substrate processing systemas clainmed in claiml
tubwaeemourome arewdpdced fedraaneoarethgein adirst diseston perpendlcular

el ec d
o SEhUB B, 1 AREAEE S aBIATIS 1150 win e
dlm%ﬁﬁfdnefnstﬂfénflﬁﬁlpdlﬁécitl@nsarﬁtﬁé Sécdrige dinasnsion rﬂrald&lrtodlxhe tubular

ane . A substrate processin stem as cl
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an a diffusion Iength of atomc

ondWesrtien of tresédund dimension. el ect rodes. WD 2006/ 031234
PCT/ US2004/ 030275 19 10. A substrate processing

systemas clained in claim8, wherein the first and -
secpnd s Ek§hS sps@nRd@mRiAg® Position the
fi rg anﬁk%z%%@%‘% ok § 9 ’ Fﬁ% ¢
a deposition chamber;
first and second substrate carriers located within the deposition
chamber;
a plurality of spaced elongate electrodes positioned between the
first and second substrate carriers; and
a power supply operably connected to each of the electrodes and

adapted to drive adjacent electrodes out of phase from one another.

13. A substrate processing system as claimed in claim 12, wherein

substrate carriers comprise rollers.

14. A substrate processing system as claimed in claim 12, wherein the

elongate electrodes are substantially cylindrical.



substrates a first distance fromthe tubul ar

el ectrodes and adj acent tubular electrodes are spaced
wapeneto3f3em one anot her by a second di stance t RaE/US3004/030275

less than the first distance. 11. A substrate

processi ng systemas clained in claim1, wherein the

tubul ar el ectrodes are spac®d fromone another in a

first direction perpendicular to the tubular

el ectrodes, the deposition chanber defines an interior,

Wi 15, 2 A substraterReessing Systee A5 CiAIMgd BEIRH 1aniherein the

oSBT SR 308 S b e st sout 27

MHEherebetween that is at |east |ess than one-twentieth
of the first dinmension and at | east |ess than
one-twentieth of the second di nension. 12. A substrate

Progessi g, BYSL nﬂ)ro?:@gag'?%iygﬁm a8 dRARs inl §8ing N2deierein the

first an secon% substrate’carriers |ocated within the
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ve adjacent el ectrodes out of phase from one
travwhdirbetion.13. A substrate processing system as cl ai med
in claiml12, wherein substrate carriers conprise
rollers. 14. A substrate processing system as clai ned

in ¢ ai M\ RbsHaey pidtesbing systergatseclainead irodiagnat6s wherein the
substantially cylindrical.

( WO 2006/ 031234 . ,
clonga achaieR e looatest e Pl et #%?éb%?%%l}’s‘??@"e' to the first
Lged in claim12, wherein the power
amié%éﬁ?@ ?@b%tag%ﬁd to supply power having a frequency
of at | east about 27 MHz. 16. A substrate processing
system as cl ai inclaiml

d wher.ein tk fir .
SLotha OB PiTvARG SRRk Caed Ihglal 4, @étein the
firsf‘nag'los%éeaﬁd SuHtltEt @nried ars Wekbtat 2ot pesitidn dirseahdosecond
and the el ongate el ectrodes define ]
substrates a first distance from the elongate electrodes and adjacent elongate
electrodes are spaced apart from one another by a second distance that is less

than the first distance.

19. A substrate processing system as claimed in claim 12, wherein the
elongate electrodes define respective diameters and longitudinal axes and
adjacent elongate electrodes are spaced from one another by two times the

diameter measured from longitudinal axis to longitudinal axis.

20. A substrate processing system as claimed in claim 12, wherein the
first and second substrate carriers are adapted to position the first and second
substrates less than a diffusion length of atomic hydrogen from the elongate

electrodes.



respective |l ongitudi nal axes that are substantially
perpendi cular to the substrate travel direction. 17.

W@ 2806081238t € processi ng system as clai ned i n charmsi®4/030275
wherein the elongate electrodes are located in a
pl ane that is substantially parallel to the first and
second substrates. 18. A sWistrate processing system
as claimed in claim12, wherein the first and second
substrate carriers are adapted to position first and |
sepqnd Assiisstrade gsocedsing systest as cimed in iRine 3nywhetein the
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12, wherein the
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onelRARH bedhé rsesoha irendionabndxic marel thapi engtfifieenthxok the first
20. A substrate processing system

. s cl ai in.claim

dimeasionaeasurestia a diraciondnat secsnendcuer ffe Trsf pfagtisfon and

are : position the first and second
the§88gﬁ$§%§%‘é@s than a diffusion length of atomc

hydrogen fromthe el ongate electrodes. WO 2006/ 031234

PCT/ US2004/ 03027 21 21.. A subst.r I i.ng

system a%n@tﬁ?‘i@gfqrﬁ“w Qifﬂmﬁ?n\mgﬁéﬁngt %Oessgfléposi tion

chamber g@éﬁér&ﬁﬁg a'plhsrhal reglonthaving d retativell highsintensity and a

u

per pendi ar to the elongate electrodes and a second
plastamegionrhayvingbIrelatively low istepsi§ét e el ectrodes and the

fi d d . L ,
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|0WQHfér@ﬂ9tﬂ|‘a§m5)yegloﬂ_i stance that is no nore than
one-tenth of the second di nension and no nore than

one-fifteenth of the first dinmension neasured in a
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film coppsiisning ahsulsstegte stich gbatrthei pigsmapirggion having a
, relarti?lgeilyolrz)v\tl] ?r}écienqgtyaisrk?eltevteie\r/!etlhé shdb%?raken taﬁaschéypl%ma aregion having a
relatively high intensity.

24. A method as claimed in claim 22, further comprising the step of:
positioning first and second substrates on opposite sides of the

plasma region having a relatively high intensity.

25. A method as claimed in claim 22, wherein the step of introducing a
reactant comprises introducing a substantially pure reactant including film layer

material into the relatively low intensity plasma region.

26. A method as claimed in claim 22, wherein the step of introducing a
reactant comprises introducing a substantially pure silane into the relatively low

intensity plasma region.



pl asma region having a relatively low intensity;

introducing a reactant including filmlayer materi al
wonvw/Bims4rel atively low intensity plasnma regPOmUS2B4/030275

A nmethod as clainmed in claim22, further conprising

the step of: positioning a substrate such that the

pl asma region having a relZively lowintensity is

bet ween the substrate and the plasma regi on havi ng a

relatively high intensity. 24. A nethod as | ai me
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a rélddvety hjghahtensity.oduci ng a reactant conprises

i ntroducing a substantially pure silane into the

relatively low intensity plasma regi on. WO

20084 0312 3efRed/ 4S8R P FPiaIm 22 viereip tietstep adsntroducing a
claimed in claim22, wherein the generati
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intensity are created on opposite sides of the plasma

re N PAViGnod 56! a'aw&k ylnh'c%im' e N@hkdein 2fhe Aongitudinally
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30. A method as claimed in claim 27, further comprising the step of:
evacuating exhaust material through one of the longitudinally
extending rode electrodes.

31. A substrate processing system, comprising:
means for generating a plasma region having a relatively high
intensity and a plasma region having a relatively low intensity; and
means for introducing a gas including film layer material into the

relatively low intensity plasma region.

32. A substrate processing system as claimed in claim 31, further
comprising:



reactant conprises introducing a reactant including

filmlayer material into the first and second plasm
woegismag3avi ng a relatively | ow intensity threaghseme030275

of the longitudinally extending rod el ectrodes and in

a direction that is substantially perpendicular to

the el ectrode plane. 30. A Aethod as claimed in claim

27, further conprising the step of: evacuating

exhaust material through one of the lo gitLtldi nal L%? .

ext endi ngpeandcfos| pesifieniag . a ubsitate suCchathat pihg. pldsmg, region
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means for introducing a gas including filmlayer
material into the relatively lowintensity plasna
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rel ati veW%néqurnP%ﬂéﬁ’T'QBi @rsggqﬂ}i%ﬁg?ﬂ%@&?g% % & n_ar?g posites
sid%%%fm@ié%n{a?@gﬂfh h&Mb Rorefativelyighehtensitgh i ntensity.
. A sUbstrate procesSing systemas clained in claim
31, further conprising: neans for positioning first

and,second ' |t i:des of the
ol adhe r AR P Rs S Pe B SmPTAE cnsi 1y, a4
A subst r atdepesitionschantberyst em conprising: a
deposition chanber; at |east one substrate carrier
lobated @ lAASHODRGUBEIES SRERT KARR NG, e densetipn ghamber
[ te t irdd ingn; and
ang B R o e e one.
anot her ianplutdliéy sfiedangate rodaslettrodessepacad &em one another in

oSy SETEA AT P P R e
in 8 dRekfigh thdtisEleadt fr88dve?8e to the substrate travel direction.

35. A substrate processing system as claimed in claim 34, wherein the
longitudinal axes of the elongate rod electrodes extend in a direction that is

substantially perpendicular to the substrate travel direction.

36. A substrate processing system as claimed in claim 34, further
comprising:

a power supply operably connected to each of the elongate rod

electrodes and adapted to drive adjacent elongate rod electrodes out of phase

from one another.

37. A substrate processing system as claimed in claim 34, wherein the
elongate rod electrodes define respective internal lumens and apertures that

connect the internal lumens to the deposition chamber.



35. A substrate processing systemas clained in claim
34, wherein the |ongitudinal axes of the el ongate rod
wehewismdes extend in a direction that is PCT/US2004/030275
substantially perpendicular to the substrate travel
direction. 36. A substrate Erocessi ng system as
clainmed in claim34, furthe# conprising: a power
supply operably connected to each of the el ongate rod
el ectrodes and adapted to drive adjacent eI_ongat_e rod
el &8.r odAssubstraie preosssingr systere agnelgHaed ig7Clagm 37, further
substrate processing systemas clainmed in claim 34,
COMPIEYR¥n the elongate rod el ectrodes define respective
i nternal gl waRRmt atired Vpevdlsty donatctedotonthet intérmal lumen of at
internal |unmens to the deposition chanber. WO
leagiowes obthedadmigotiostesoand30275 24 38. A substrate

processi g:e%aa&m%\g%g'@é@&igi&n%e'éa &/ thd teheil I%men of at

conpri Si a reac our ce operably connected t
leatthéné bf thenad dlecteodesf at | east one of the rod

el ectrodes; and an exhaust devi ce operably connected

to the internal lumen of at |east one of the rod

el egyrod RIHRS 5Bl &/ sREA GRS Shinged IS ERIMESY, wherein the
cl algér)r'ed IRESugﬁgrla’Fn 7, V\hg}@eéi%lr? the deposition chanber

depteditiore shambientdafines an tihtesiof iwith adfivabriinension iméhe substrate

sybstrate travel direction ' [
tranejrtij{q pntqp({ A.Se60 gglpiér}sg)%'?@gg tef gcge‘ﬂi@ egtmﬁ?% erBH electrodes
an@ iR bRyt tol| Sletiredes abd @paped dbni roma anetheamotthersubstrate
In the substrate travel direction by a distance

hat .
travel ditoctiondhy AcEistansa Nahis Bllaast (% W GRe-Tweageth of the first
. di nensi = i iohhe
i off A REreDloos3fah nEiiebe oiAe ckehy Shihtioh
conprising: a deposition chanber defining an interior
having a |l ength and a hei %\%1* first .and second
sub4Pr at & LEIRES BrAGESaNGFPYRIG T (PRI B posi ti on

Chamve s, BHSHAROP SRl A raeeigcRading  lengih and
height;

first and second substrate carriers Iocatgd within the deposition
chamber adapted to position first and second substrates apart from one another
by a distance that is no more than one-tenth of the height and no more than one-
fifteenth of the length measured in a direction that is perpendicular to the length
and the height; and

an electrode assembly located between the first and second
substrate carriers and adapted to create plasma between the first and second

substrate carriers.

41. A substrate processing system as claimed in claim 40, wherein the
first and second substrate carriers are adapted to guide first and second

substrates along the length of the deposition chamber interior.

42. A substrate processing system as claimed in claim 41, wherein the

height is at least about 0.5 m.



by a distance that is no nore than one-tenth of the

hei ght and no nore than one- fifteenth of the length
woressed4i n a direction that is perpendi cul ar PCO/USE®4/030275

l ength and the height; and an el ectrode assenbly

| ocated between the first and second substrate

carriers and adapted to credte plasma between the

first and second substrate carriers. 41. A substrate

processi ng systemas clained in claim40, wherein the

first and second substrate carriers are adapted to

oui e ' AefBd o SGRIHo ARG 8'EhsRhRNSoh sl eneeNsteps of

ﬁr OCﬁSS'g‘éh@ﬁfilﬁgm;ﬂasbmlaavmﬁdaldepobmomotgambmer ein the

eight is at |east about 006/ 03123

PCT/ Us20ibifpddeipgsa reactant '"&?Hﬂ’g%gg" c?{?yeffo'?‘ %{ﬁéﬂtp, the plasma
até’Fba?ctac‘MkIﬁ[{)lﬁﬂja?e conprising the steps of: generating a

n d deposition chanber; introducing a

r eact ant depuditing tig ﬁilm layeamaterialosia tie subsiratee pl asma

t { ant
mat or | ol StEtPASReaUe: o dhe TRpb HiEsbrion Shafeeh o
the fromicdaguiRease hindunt befilaelayer Madsraliimthe behaustyand
of filmlayer material in the exhaust; and géﬁtln

the r eaca@]ustmmptbe regctanty inpsd piate et FESRORSRE @dm%asured
in the exhaust. 44. A
mr?é‘PEB filg a&?a %ﬁ(ﬁﬁngﬁéalsﬂ#%t wherein the step of

adjusting the reactant input rate conprises adjusting
t he reactant

o oA MEIAd 85 gt dn A 95 Hae@ih e shet aditsting the
reacq?gﬁt' lﬂgut:ql%t% ?gdﬁ%&@%tﬁg%é%%@m inptt rate EEBPENSS to the

r conprising the steps of:
measasad lamomﬂlteobrfélssdm@rmnvmrmltlneﬂm ausb whileageatinuing to

usting an exhaust rate in response to the
mtmglggga@% reatalyr e within the deposition chamber while
continuing to introduce the reactant.

45. A method as claimed in claim 43, further comprising the steps of:
measuring the pressure within the deposition chamber; and
adjusting an exhaust rate in response to the measured pressure

within the deposition chamber while continuing to introduce the reactant.



