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have determined that conventional 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
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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 embodlment

of a present invention.



DETAI LED DESCRI PTI ON OF THE | LLUSTRATED EMBODI MENTS

The following is a detailed description of the best
presently known nodes of carrying out the inventions.
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used to deliver reactant gas to the deposition chamber 102 and is connected to 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 108b 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 fims) on both of the substrates. In addition, the electrode
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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
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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 to the substrates, where the atomic

hydrogen can react with silane to create the pre-cursors that result in the
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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.
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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 (PHs).
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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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systems that have been reported in PECVD-related literature, does not have to flow
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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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he di stance between the rod el ectrodes
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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exhaust exits
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 correspondmgly short residence time within the deposition chamber
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orw? ApeLIE 1813 os OF fieS RMAEH b Xilisbe Hindr Bairegarc and ithe remainder is
hin the deposition chanber, WO 2006/03
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S)&(%me{ od rgcﬁ'{ul itif tﬁQesﬁll&Jﬁ' l%"@epo%'itéé'l%nt@ttﬁe wa@R0sOthe deposition
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e apertures he ot her
depsitedodar JsZﬁs’aatdastl#ésendtadtsabove 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



device 114. The input flow rate of the pure sil ane

needs to be only slightly greater than the rate at

whi ch the silane is consuned because only a snall
veooue3ss t he silane is wasted. Mre speci fipcalusgod/030275
when the gas in the deposition chanber reaches the
apertures 134 in the rod el ﬁctrodes 126 that are being
used to evacuate exhaust fiomthe deposi ti on chanber
102, the gas is about 6% silane and 94% hydr ogen.
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t he SI ane Into silicon and
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conventi gnal CV,
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onto substrates. As noted above, the ¢
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é}{ licon that is deposited onto the walls of the
dep05|t| on chanber and, accordi ngl the over al
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pure silane throu somre of the rod
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her,s .i s that c
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accordingly, the net consunption of SI e éf
regbon whegahe glectiigab fi gﬂéggmlmlzed This implemen atton 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 evaeuating 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-Gy. Other gasses that may be stored include



system on the other hand, the input flowrate is

1.128n (100% si | ane), the exhaust flow rate is 2.128n

Vé(g% silane in hydrogen) and, accordingly, the net
AWEAHEMon of silane is (1.128n x 1009 - (PETABH493027s

6% . In ot her words, the input flow rate of the

present PECVD systemis alnmgst 100 tines |ess than

conventional PECVD systens and the output flow rate

is alnpbst 50 times |ess. The lower flow rates allow
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aliuift 300 hénger dcrmen’@niﬂeeatdmoosrme enbﬁrateses@oal ard 186k and the
plurality of stora ne S g\l gﬁlsse

frgqyﬁncwdo@ogqeér%g, ?,CF lasra exmta on are typlc 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.

Controlling the PECVD process in the manner described above allows the

present PECVD system to perform continuous deposition processes at a stable,
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sil ane, nethane, gernmane, and silane w th dopant
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wasewsd3rrey be stored under pressure and, to HOTAIS2@3M30275
the reactant gas source 110 includes a plurality of

val ves 136 that control the flow rate of the gasses
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noted that the present inventions are not limted to
gaseous rea
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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

chanber 102, and a tenperature sensor associated with
the substrates 120a and 120b. A sensor that



detects the presence of a plasma to verify correct
operation may al so be provided. Controlling the PECVD
process in the manner descri bed above allows the

‘b@é%ﬁN?UPECVD systemto perform conti nuous defsgEV2PW930275
processes at a stable, WO 2006/ 031234
PCT/ US2004/ 030275 16 steady state with stable
tenperature, gas flow, gas concentrations, deposition
rates, etc. The controller 116 can use feedback from
the sensors 118 to adj uststA\g)g parameters of the
stabl e, steady state and achleve the desired materi al
properties. The conbination of steady state operation
and. paraneter adjustnment, based on sensors within the

VV%9 ’En1as the deposition process proceeds, together

wth rapid diffusion to reduce any non-uniformty
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claim
4. A substrate processing system as claimed in claim 1, further

comprising:
an exhaust device operably connected to at least one of the tubular

electrodes.



1. A substrate processing system conprising: a
deposition chanber; and a plurality of tubular
el ectrodes positioned within the deposition chanber,
wefhdasiop3pl asna regi ons adj acent thereto, ancdras20m/030275
internal |umens and apertures that connect the
internal lunmens to the deposition chanber. 2. A
substrate processing syst em&s claimed in claiml,
further conprising: a reactant source operably
connecte to,at | east one of the tub | ar e des
R cund subdleo BidceRngo ogstelm, 88 Halierh.dn R of nfurther
co?npri@ﬁ@' ein the reactant source conprises a gas _
source. 4. A substrate processing system‘gs Hyal%d {n
cl ai m 1, af [packant sogpRPPeRRY: conestadalasd RiW@yeof the tubular
elé)cfiﬁ{d%@ ngonnected to at |east one of the tubul ar
ectrodes. WD 2006/ 031234 PCT/ US2004/ 030275 18 A
subst r at @npexisist dayice yepeeahln soenestert & .anpleraé'%p&the tubular
el%éf{]tolégr conprising: a reactant source operably

fi&Cted to a plurality of the tubular el ectrodes;
and an ewtmuein delsast onpeofatiieytubtiateglectiodes that are operably

B i et AR BB, B s b

cl6@roRethdt Alecoparably @ohnectad ¢e tHesextauat é@knd‘.mtammt Iaast one of
| east two of the tubul ar ectro htha aredo\ﬁ lgtd
the dvidat elgcirgdes, %ﬂﬁ%&g?ra&&?wec thgexnagst defies bylocate
bé%ueén ot It hasd of HRCIUbORE Slddiatied titat &€ bpbiablCotnIReteatito the
the exhaust device is |located between at |east two of
reppl@nt 8OWCBr el ectrodes that are operably connected to
the reactant source. 6. A substrate processing system
as claimed in claim1, wherein the apertures do not
f aceb.ad] a{benbsira,tbmraqbes;lr@csyaﬁ@gsas 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 oppolsite 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.



7. A substrate processing systemas clained in claim

1, wherein the tubular electrodes define a comon

el ectrode pl ane having opposite sides, each of the

WOBUoAP1284 ect r odes has apertures on both si deRCTH¥S204#030275

conmon el ectrode plane, and the apertures face in

directions that are perpendjcular to the comon C

el ectrode plane. 8. A substrate processing system as

claimed in claim1, wherein the tubular electrodes

define a common el ectrode plane, the substrate

processing systemfurther conprising: first and '

secqod spbsisitate pascessing systeoppsstiaiges egaiot & wderein the
~CO n el ectrqde plane. 9. Str . essl
firy Ao p el Pubstiie R g 50aiar ! Ayt BE°Hst Bld pocond
suBSESRY §UMSE IAdtanER ITrdne e ajubulad agieetdodes podi adjacerthiubular

first and second substrates |ess than a ngQUSioﬂ1t' I
eleaioglen a5e SRRGRT AP aner aNRNETRY f 5GPy distance that is less
th&h 8 fired8s1and® 2006/ 031234 PCT/ US2004/ 030275 19 10. A

substrate processing systemas clained in claim S8,

wherein the first and second substrate carriers are

adapyed t0spgstHdt ProbdWirdg syiterAnst sameslin lbALY, atlesel the

first distance fromthe tubul ar el ectrodes and )
tubdlaaelestroted arespaced Fomoenes anethek o distgigction pemResicular

L0k di Ir i { inddtior Math a first

toffif 8 Gip¥ictR8E e ISRNER hafinl UCTRSS an Pl AL
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ar.e aced fromon no i ir . dj i t
o R e 505 ARl el uden g iBbotueen e
is dgpesitt ke tisdnambertwaafiétthesf tha firstt dimiemisioni ad at fieasétless than

dimensjion jn the first direction and a second

ong-twandiedhotdhe secand Bemo% - ubul ar el ectrodes, and

adj acent tubul ar el ectrodes define a distance
therebetween that is at |east |ess than one-twentieth
of the fifsUbHIHE REPHISRESYEEM CLBWPIEEYs t han

one- t wenty gLty ot Bigars&ond dimension. 12. A substrate
processi ng system conprising: a deposition chanber;

first andirsteeoddsenost sehsirateacarmiars loeatad apithin ¢ thendeppsition
den%)si, tion
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.



chanber; a plurality of spaced el ongate el ectrodes

positi oned between the first and second substrate
carriers; and a power supply operably connected to
wachnsmBizshe el ectrodes and adapted to drive mulj/es2e3t030275
el ectrodes out of phase from one another. 13. A
substrate processing systemas clained in claim12,
wherein substrate carriers“tonprise rollers. 14. A
substrate processing systemas clainmed in claim12,

wher ei n the | ongat e el ectrodes a =T .

cyl i | €a$9b§/ﬁ?%gmeé§'f§§ls‘i§@r%§%§y8@3}% ﬁzdy'leé?'“ the
pdiyer EopbIyak AdBPRIEGSIUPPIEYOEThangCh fieneendynotatieastidhout 27

ereln"the power supply is adapted to supply power

MHavi ng a frequency of at |east about 27 Miz. 16. A

substrate processing systemas clained in claim12,

wherein the first and second substrate carriers are .

adaptéed tosgstide Procassigbysterpag clajmediin slaim 12 wherein the
. substr j | d I h&CHhQI€Scond
ribArHe Sofld, BYBsydt SRh1fS AR pddfed| @RI e on
subshrateanin @l bybsteate emaliet uiction andetheuslongate: eleatipges define

direction.. 17. A substrate proc [
b S o Hof A AL PRRILA 3D g it
travet direstgred in a plane that is substantially parallel

to the first and second substrates. 18. A substrate
processi ng systemas clained in claim12, wherein the

firsiz andy §@5&F&e3ﬂbéésrsﬁgesmérﬁ il Gaiftedl indagied6 ! wherein the
position first and secon substrates a fjrst di SL%nt%% first

elbnoatetslecterdssriedoeatee in aianethat sgubstantially pagale

paced apart from one another by a
as({’aggéna |stsg%§e§$t hat is less than the first distance.

19. A substrate processing systemas clainmed in claim

12, yherej @ué?ﬁate?r%%?ir% §)<BGh RAGSInRf in"GaihPIRCwhENM the
di anet’'ers and londitudi nal ‘axes and adjacent el ongate
first eartdr seesndasabstpateedarietsmanm @daptedhita pegitionofitst Ang second

s@ﬁat@%%{'ﬁéﬁ 55}?@%”&891 [HCHh YA &t s 3% SidjeRent 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.



20. A substrate processing systemas clained in claim
12, wherein the first and second substrate carriers

are adapted to position the first and second

wabdsoses | ess than a diffusion [ ength of atREw/¢s2004/030275

hydrogen fromthe elongate electrodes. WO 2006/ 031234
PCT/ US2004/ 030275 21 21. A substrate processing

systemas clainmed in claim&'2, wherein the deposition
chanber defines an interior with a first dinension
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A nmethod as cla

im22, .fur eL rising
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pla@hatregnén%amngra reRtively loy INeASYA net hod as cl ai ned in

claim 22, ‘kﬂ? GOAREAShAAdhBSiRlISRerGhateriBPBitd treniehgively
first and se on stratles onboppogﬁe sides of the

lowligtemsity pligsma rﬁemnng arelatively high intensity. 25.
A nethod as claimed in claim?22, wherein the step of
introducing a reactant conprises introducing a
subsgznt ifahlethguia® claaed éimclaim 22 Udrther ¢amprising e step of:
mat eri al |ntothe rel vel 0 I
regi on. RPSURNAG ﬁo&uggﬁ %H%hdwpépglﬁé]a%lé%ag \%}i@n having a

\ relehﬁeﬁyt e mferisit? 9 Besiedn the susbbEnand drpplases region havmg a
i ntroduci n% a substantially pure silane into the
¢

refadivatyi Righ yite sty

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.



intensity plasma region. WO 2006/ 031234

PCT/ US2004/ 030275 22 27. A method as clained in claim
22, wherein the generating step conprises supplying
vookooed3pdase power to adjacent | ongitudi nal | YCT/US2004/030275
extending rod electrodes such that a plasnma region
having a relatively high intensity is created between
the rod el ectrodes and firs? and second pl asma regi ons
having a relatively Iom1intensity are created on

oppagsite  si d f the. s, r.e g .
rel (i ve B‘i’\dolq’?t 8'35%?@ 'mglzge vﬂ%\‘é'gsthc genergting step
coﬁ{p‘?‘i'sgh %ﬁppwvh'@f @utnoftghase tpewedto IadIa"cedtJtonggudinallyee)deadmg rod
nprises introduci ng a, reactan

|
elendioger Ach 1hgl & RIESME Tagian hayind éé@l}ﬁ'ae% M@hﬁ*‘?’%ﬁdﬁ&fea‘e"
Wér’i‘gthé fodl @ldcuBhi¥s | 4l firdteand taéchbhd %lgilnénl%gﬂfns hbemg a

ongltu inally extending rod el ectrodes, ﬂ
relativelly dwwmtensﬂt)car@ ¢feated anneprasite sides Qfﬁa?mﬁ%mq&on aving

K ctrodes define an el ectrode plane and
arteﬁael%gg) %rﬁgn odu0| ng a reactant conprises

[ ntroduc:| ng a reactant including filmlayer materi al
tqth f t ; i i .

ol 28 verymeuiod AF SRlREd Rl whERyE ¥e K Ginfloducing 2
reh6taat cofliphiaks Yinteoduzird ageaoua\ne iretudingl dim dawbn material into the
frsh 9 PERINPEREIS IOTR (rDimLA ot BR AU TSy LirGudh Sne of
thé%ﬁd‘ﬁﬂlrﬁaﬂg’%&teﬁbﬁ@ fobelsdteresf ©  evacuating exhaust

ro

mat er 1 al ugh one of the longitudinally extending
rode el ectrodes. 31. A substrate processing system

CONpyd Si NG’ IR a EOElagﬁé‘@rlﬂt cRémazs) alfﬂ'ﬁ'é?fefneQI'\(‘S’”Iongltudmally
havi'ng a relativel intensity and | asma

extenrliog rodeleuirodes eileam ae|q}e¢tmﬁe| plees angd yhe &FRIP efelptfgducing a
reE ant {&%ﬁﬂﬁ’%@? q?tr@dl]%?rfq 'ant%la\:lfiin?%cfludlg? |fivielay éﬁﬂh\%ﬂérﬂil |nto the

¢} lve ow I ntensit asnma I‘egy
flrst and secaned pﬂasmaasaglw B9én@ @ r@éattyle lpwintens éhrﬁugh one of

thgg{)rtlghl?ud inal @r@&éﬁdlﬂ& rocy\ge%g’ggéso éﬂ'& # afdikclise 4nd/i@ §983t§nt|ally

perpendicular to the electrode plane.

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: '



means for positioning a substrate such that the plasma

region having arelatively lowintensity is between

the substrate and the plasnma region having a

Wapesiyer4 high intensity. 33. A substrate prifSEER0eH#P30275

systemas clainmed in claim31, further conprising:

means for positioning first gnd second substrates on

opposites sides of the plasma region having a

relativel y high intensity. 34. A substrate processing
system d %P%ositi@[lﬂgpgsédﬂs%té: té@lE‘F?et‘hat 3he | ®88tha region

one substra e carrier the deposition
haiegriaenelativaly law/anptmityds beivrenatheudubistrateeand the plasma region

ubstra r tion; and a plurality of

h%W'%Ga{?@?Y%I %éq% |8f|ens s spaced from one another in

the substrate travel direction and defining respective

| ongi t udi axes that extend | re i.on at,j s

ot Tbhet ArsHiSaR STocsis Sibet 28eSprigb R dripl 3 tpurtner
compriéngubstrate processing syst em as cI a| med in cl a| m

34, wherein the Ion |tud|ﬂ axges of bet otngate rod it
el ect r odg¥e@Rs dAG PORMQNERG, Hest %P‘fj RN 5” Strales on opposies
sna%’%?ﬁiétp@éﬂnﬁ r@%bﬁ%dln@té Adflativelyt ligh subadinat e travel
direction. substrate processing system as

clained in cI aim 34, further conprising: a power

supp op f g@é(‘?r.& d té?ﬁ“%fb di el ongate rod

el ec%ar{ode'g g?%ty%g?gte ?g; 3g| ve adrﬁlgr(':e el ongate rod

el ect r odes depesitién piherseer;f rom one anot her. 37. A

subst rat e, L 0GESSI Hohethed ggﬂr%?‘ doatld hIPthl d2bBLi#8n chamber
wherein tfe® el ongate rod elec rodes iner spectlve
ahdadapted tb ymrtesa aubstegie i arsebsiratattravebdiremtiont &ard

internal |unen t he posi tion chanber . .

2006/ 03123 P BaTN R AIBIIB S8 eSS ey i gne another in

tlﬁﬁﬂﬁ%‘été‘ﬂaﬁé‘l direRlidsand defimidg irespdcavariodgitudinal dneys that extend
npri si ‘E‘QF a reactant source oper agaé connect ed t

'%élreﬁm 'S|ajﬂﬁe%§t8@naver5?é%§te%i?é %‘@'PBSC“O”

el ectrodes; and

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.



an exhaust devi ce operably connected to the internal
 umen of at [|east one of the rod el ectrodes. 39. A
substrate processing systemas clainmed in claim 37,
WAEP®IB128he deposition chanber defines an i MEWII04/030275
with a first dinension in the substrate travel

direction and a second di nepsion parallel to the

el ongate rod el ectrodes an the el ongate rod

el ectrodes are spaced fromone "another in the

eactt t ot 1Rl DrbGEL pHbiah PhCOAEL T Tk afy futher

igMig: Ieast | ess than one-twentieth of the second
dmsn on. bstrate proce n te
clon'pr|SIS| 1 1eRCtaR, BETCE b CARH GO N R 1 e diernaldiimg of at

leBgdritdofahé foWERcRBAes arldei ght; first and second
substrate carriers | ocated W|th| n thg tgggos itio

chanber @fapxXRayst sleyissi eReSADlY i GopNesls srfatema“ lumen of at
ytbcﬁl,' ldetrbg@4n one another by a distance that

Ie§ nc?r@nrgrﬁén?(ﬁgn orée tenth of the height and no nore

than one C fifteenth of the Iength neasured in a

nei g hauarr® sRGEASHY S bl R, 2 Wherdh the

dépaositionacitarabenddfinesu last inttrier arithr aeﬁirst dindersiaptie dhe csubstrate

create plas bet ween the first and sgco btr
el dhgefor 78 Rseine plensisr Pty B6 o neat Bl Mhfiupes
and tid aiohgafd rodheletradédare fsgaséd foch Baﬁmtlmrgatthetwbstrate

carrjers are adapte ui de nd secon
trayal tireghien bw%%tam@ ﬁ\@ﬁg% A Best @ SnertRNEpaIhe first
duwstn%rdn%d 4deadt léé@ﬁfah%r@-ﬂweﬁﬁ@twf% §é’é’drﬂ"ﬁlﬁfén§ioﬁ' med

In claim41l, wherein the height is at |east about 0.5

m WO 2006/ 031234 PCT/ US2004/ 030275 25 43. A nethod

of fg&m |S|ngthe st eps

of : %enﬁgﬁ?%&g‘pﬁéﬁﬁ@@ﬁ%{ﬁ%@%. ti on chanber;

i nt roduc|a1@eaoalég@tc&ﬁmbemcdaﬁlamgamnntifhrlpa;héwlnsaeéen@th and a
h%ﬁﬁlo the plasna at a reactant input rate; depositing

e'filmlayer material onto the substrate;
first and second substrate carriers located 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. '



evacuati ng exhaust fromthe fromthe deposition

chanber; neasuring the anount of filmlayer materi al

in the exhaust; and adjusting the reactant input rate
WO 26dpBAte to the measured ampunt of fil m | By&ES2004/030275
material in the exhaust. 1 44. A nethod as clained in
claim43, wherein the step gf adjusting the reactant

i nput rate conprises adjusting the reactant input rate
in response to the neasured anount of filmlayer
material in the exhaust while continuing to introduce
the reactant. 45. A nethod as clained in claim43,
furtdier domsthed abformingsa Blpsoma:subaisateuePmgrising the steps of:

pressure withi.n t gk AaT=] S . adj usting
an exhaus%\gnreg%tg]q %S%aggrgag\ﬁﬁlg@ht%ghe&ﬁgmenﬁggaﬁ@%r,pr essure
Wi t hi n t hetrodymisg bi @actanairvduding filne [ayentmatgriabinte the plasma

[ ntrogu e the reactant.
at a reactant input rate;

depositing the film layer material onto the substrate;

evacuating exhaust from the from the deposition chamber;
measuring the amount of film layer material in the exhaust; and
adjusting the reactant input rate in response to the measured

amount of film layer material in the exhaus;t.

44, A method as claimed in claim 43, wherein the step of adjusting the
reactant input rate comprises adjusting the reactant input rate in response to the
measured amount of film layer material in the exhaust 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.



