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cascade plate with another 1
desirable to provide an improved deposition apparatus and method that can be

controlled to produce a desired product or that can be operated at lower cost.
BRIEF DESCRIPTION OF THE INVENTION

The invention provides an improved apparatus and method for depositing a layer on a
substrate that comprises determining a target process condition within a chamber of an
expanding thermal plasma generator for plasma enhanced chemical vapor deposition
of a coating on a substrate; the generator comprising a cathode, replaceable cascade

plate and anode with concentric orifice; and replacing the cascade plate with another
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In still another aspect, a method for generating a substantially controllable plasma, the
method comprises providing one plasma source comprising: a plasma chamber; an
anode and a cathode disposed in the plasma chamber and a single cascade plate

replaceably interposed between the anode and cathode; a power source coupled to the
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DETAILED DESCRIPTION OF THE INVENTION

This invention relates to plasma enhanced chemical vapor deposition. In an
embodiment, the invention relates to deposition in an ETP system to coat or treat a

substrate.

Plastics and other polymers are commercially available materials possessing physical
and chemical properties that are useful in a wide variety of applications. For example,
polycarbonates are a class of polymers which, because of their excellent breakage
resistance, have replaced glass in many products, such as automobile head-lamps,
safety shields, eyewear, and windows. However, many polycarbonates also have

properties which may be disadvantageous in some applications, such as low abrasion
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In this specification, “replaceable” means that the plate can be removed and replaced
with another plate without substantial permanent supporting structural alteration. For
example, the plate is “replaceable” if it can be removed and replaced by loosening
nuts and withdrawing rods through the plate in accordance with the configuration

shown in FIG. 2. The term “replaceable” as used in this specification distinguishes
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comprise an orifice formed in anode 108. In another embodiment, exit port may

comprise at least one "floating" (i.e., electrically insulated from both cathode 106 and
anode 108) cascade plate 122 separating anode 108 from the rest of plasma chamber
102. Altematively, exit port 118 may be located in a floating wall in one of plasma
chamber 102 and second chamber 140.

A gas for generating the plasma (hereinafter referred to as a "plasma gas") is injected
into plasma chamber 104 through at least one plasma gas inlet 114, metered by meter

120. the plasma gas may comprise at least one inert or non-reactive gas, such as, but
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Acc%%ﬂg % Jioﬂnsco%t e ng gap 110 may be set to a predetermined distance by
moving cathode 106. In Johnson et al., changes in plasma chamber pressure or
cathode voltage, as detected and monitored by sensor 116, are indicative of changes in
gap 110. Cathode drift may, for example, be indicated by shifts or changes in cathode
voltage and plasma chamber pressure. Plasma chamber pressure data obtained during

statistical process control as feedback, for example, may be used to control gap 110.
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titan ng, pdan alu niobium and  cerium. lternatively, oxygen and
hexamethyldisiloxane, tetramethyidisiloxane or octamethylcyclotetrasiloxane may be
supplied to form a silica-based hardcoat. Other types of coatings which can be

deposited by ETP can be used.

The treated or coated substrate 160 may be of any suitable material including metal,
semiconductor, ceramic, glass or plastic. In a preferred embodiment, it is a

thermoplastic such as polycarbonate, copolyestercarbonate, polyethersulfone,



supplied to forma silica-based hardcoat. O her types
of coatings which can be deposited by ETP can be
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enbodi nents in which apparatus 100 i ncludes nore than

ne plasm ener at.or, second. pl as ener at.or 202
In $Aeq GARSIFEA MLSVHGh 1 BEFNGI 1 L RIraSBOG thapy pRg plasma

cenBh R RGN B8 'gedQtor WOD GRclRdR Masfsi BadsdratRiano théWe of
exanpl e, plasma~ generator 202 includes cathode 206,

firstapladiwa 29@eragerp 102.0which prsadescohed dlerginra fes ckample, plasma

214 | ' .
senfiify 208 iteFERG SRBSOETT SR, B4 1 P Rl kendtis B gl
2142atRbR6HE @ana AL Oxithidbat 2130 andwepiadehble cRpldRPRALDED.

cascade plate 122, 222 that can be custom zed to
provide a desired plasnma

lu gperty. FIG is a
Thesiopgifien; erovidss ¢ Rlaves SRATAIOF Ao 0% B begeplaemdls Sugse
platléz Ih%%{' %@2 HRE carl BPlcAGERARIA 6 E}ﬁ&\ﬁ@l@ aRledt& pHRdma %%%rée bfbperty.

A
.~ 2, generator 102 is shown including cathode 106,
FlGarfothea B0Beraatit eropd-sectiaisl eview sefagmmepsitert €021 29 202hhwene the

d . .
rePlpBIRER By TR oled Todh 154 &b et oeDe e

catHodB q 06, 0fkE 11 Y8 h@tetaRatle caichdeplard)22s t@héde Titaagele 108
110 in accordance wth Johnson et al. or that ca

ndpeiseiealaiEmbiedra SPEPEcBes By dBrepfet eds2i2 ghat provide a
semg:rg‘%f ﬁlﬁgﬁ@ﬂiiw}{ag céh %@%gtggtgacgi:ﬁé@ tPth rgf;gfagflrlg_nitn accordance

Igurati provi asm p i Tferent
witle Haliraoh ext iadt o1c thao rcamp e pdisassemsblead th eersovrafissade plate 122 for
replggesfgernit l27vei ' aTcggcatdQ rp‘:fae%g eoq a different configuration to provide a plasma
plume of different characteristics or properties as hereinafter described. The threaded
rods are part of an assembly that includes fiber glass sleeve 126 and adjustment nut
128 that can be adjusted to change gap 110 or removed for disassembly of cascade
plate 122. In FIG. 2, the cascade plate is removed by unscrewing adjustment nuts 128
and threaded rods 124 and removing cathode housing 132. The cascade plate 122 is
then removed and replaced with a cascade plate with a different orifice configuration

that provides different plasma plume characteristics as desired.



rods are part of an assenbly that includes fiber glass
sl eeve 126 and adjustnent nut 128 that can be
wadjastam t o change gap 110 or renoved for di SBEEFERINY028774
of cascade plate 122. In FIG 2, the cascade plate is
removed by unscrew ng adjustnment nuts 128 and
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table wt espect to the asnma res
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pl asma chanmber 104 - and thus the first plasma

plasprecgnertdr BY2f dndsticepressse oy enampleohe figs plasmagenerated by first
plasﬂ%‘ §6§1¥c%b111§y L telrt‘herr SRRES tot Siminate or minimize variation between the

first plasma and the second plasma or "detuned" to be dissimilar with respect to each

other.

In FIG. 2, cascade plate 122 is characterized by cylindrical orifice 130 with straight
walls that cooperate with flared orifice 134 of the anode 108 to provide an expanding

plasma plume within chamber 140. In accordance with the invention, plasma plume
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conditions within plasm chanber 204 and the second

pl asma produced by second plasm generator 202, and
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The data |IIustrated in FIG 4A, FIG 4B and FIG 4C
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process condition-such as ctirrent or -ar
tﬂﬂ@ddﬁp&etghmﬂaamdgaarhodsudohxagéﬂﬂhgﬂﬁaﬂmsg&&xdbeagﬁhta

f .th Lfic In ases
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by prsHEmng {hee dividyal aplamaﬁgﬁmeéath@vsw@ thaGahes s¢sahing Gaussian
dlstf\;&ﬂlg%)l}lg lg%rla%.n ﬂ%%%ﬁlte,hfs \9@31 s tﬁg &ﬁ agd R Fﬁt SFEHRE Eilas&l%utlons,

are dependent in part upon the characteristics of the plasmas that are used to treat the
substrate. The characteristics of each of the plasmas are in turn dependent upon the
conditions - such as cathode voltage, plasma gas pressure and cathode-to-anode
distance (gap 110) - used to generate the plasmas within the individual plasma
generators. From additional experiments in which interlayers were deposited from
VTMS (described in the EXAMPLES), it was found that both deposition rate and
deposition uniformity increase as length of the cylindrical straight wall increases as

illustrated in FIG. 6A and FIG. 6B. In FIG. 6A, A equals area (in nm x cm) under a

11



mul tiple plasma generators are used to treat article
160, uniformty may be pronoted by positioning the
wo pasweaoal pl asma generators such that the reBol/UBI0g4/028774
Gaussi an distributions overlap. The profile, as well
as the width and height of the distributions, are
Gadspanberiie idapgpited inpfiatic Modehadadiier 68t ive seqolsth@th of the
| asmas.that are used to treat the substrate. The

CapfiP P fPes of each of the plasmas are in turn

dependent upon the conditions - such as cathode
The flloades ERdnasloParg AsusBaSwS4Hdshaid o boesiantet ANPHSitation on

di stance (gap 110) - used to generate the plasnas
thegpensi of thndaimginlgsg a dimifstian irespegiéndbaesites. Fr om

addi ti onal experinments in which interlayers were
EXAGRPSES € Of%;m VTIMS (described in the EXAWMPLES), it

jtion rate _and .deposit.i.on. .

In {3{%?5{) g% lgi nM@‘%% aas&??n%?vﬁceo?&?%g C@@?aflﬁg%?% QPhce design
listed iraTYBILBWalMas bpatiedse30 asips iflobisd 2 5B dfiAr thiotsh 66 Figha

FIG 6B. In FIG_6A A equals area (in nmx cnm) under
chambe, C\%B Qé&w%w-@ﬁ%memee% andepelehby pAdiler 200

. . . E | : ‘

e dGRIRL VG P Rl 0o O O SR D

digdalempltimeterr witth \geeatandhah 012 Mohmbieputoimgtedared. Resistance was
hmtation on_ the .scope of the. clai. unl ess a

caldifbd Bohrofhe et aRO0RES I aFa STt Sacyloteg fiom the

resisfanédnd gebmeid St EPANEH I =reistil iy (cAnHem)CRA Yghng. a

cascade plate orifice design Ilisted in TABLE | "was
operated at 70 anps flowing 2 I pmof Ar through the
pl asma chanber. Gap (11 § -2 mm Current was

nmeasured and supplied by a MIler 200 arc welding
power supply. Voltage drop across the cascade plate
was neasured with a digital nmultinmeter with greater
than 10-12 Mohm i nput inpedance. Resistance was
calculated fromthe current and voltage V=IR and
resistivity was calculated fromthe resistance and

P O WOUAVERESY i Bled B UL ERBAL H1d FROTREANT af Y om.
TAB&Eclaligs featentwasf phistiaed, radistviy ofithe pTEféXBtb, Ec}iie‘}/éad:\frvrgh the
vity o ep

ot nunber of plates used, resist

ldelggfﬁde‘-‘\?a EigePtp fEbS eneie RGO RT Ssrer 1én vreee Hrmeth of

the 9E 668 ElidnGell AEt 2Lar®f oft A cHEREDNF&l di)e c‘ﬁaﬂnfe’l enatd 19 is
the orifice channel and A=area of the channel. For "a

a nqjiwg}eg‘ph@]e@n‘gm@pmml.i AlsecTABLR 1j shows resistance, voltage, pressure
and watts obtained at listed currents and Ar flows. The term “expanding channel”
refers to the FIG 3A and FIG. 3B designs. All designs designated as “straight” refer to

FIG. 3C designs with an orifice diameter as listed in TABLE 1. .

In EXAMPLE 1 of TABLE 1, the design had a cascade plate with the expanding
channel design shown in FIG. 3A. This plate had a 1.32mm diameter orifice that was
straight for 0.81mm, then expanded at a 25-degree angle. “Expanding channel a,”

“expanding channel b” and “straight” configurations respectively correspond to the

12



a net value for the entire channel. Al so, TABLE 1
shows resistance, voltage, pressure and watts
W@bdoajozr@m at listed currents and Ar flows. ThePCPUR2004/028774
"expandi ng channel"™ refers to the FI G 3A and FIG 3B
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anglea@$BOWAEh BId}. 38 ment bolts 128 and renoving rods . 124,

A cascade plate with the expanding channel FIG 3B

es&gp was pl aced within the cathode housi ng and rods
In E%é’ﬁ hE Adhussmdsilae bt EXPRPLE ﬂéVa’Se’p]PIa@@dwﬂThé 9 mm long,

1 3£ﬁ§%§ﬁet%&§ﬁce@am§fﬁ%§1amb@n 1{11%(11Gna36 %%lmgw s1§{11mfudaed no

orifice that was expan
expasligespeten. Engdesignsvashstraight Wa]ﬂ-'é(ﬁ‘or 8B.entire LEQ(MA?H@g&A
t he cascade plate of EXAMPLE 2 was replaced mﬁth a 4.9

ter,ori e cascade e as
XERE o é§%&rﬁngowéé?’fg%ﬁ.gﬁ%ﬂ Baetonge ek aaiagd by
mcremtg leﬁlgth Bin ﬁledﬁﬁ]cg @tr%ﬁ%ﬁt SHahdl gxhtho\a@inb%gs@ Hlah{é?ere @ic‘; rc?A
to 3 of TABLE 1 show th

FIGh I48 h@élfi F&Qe gﬁr%‘ésﬂ]ﬁe 5éaﬁlcbe53) prhFHe s Gyhow prasans |an«y voltage
for %ﬁdg?é%é ?%gﬂ%\?sa Qﬁ chﬁ&?_;f g at%%@ascé?éppaiﬁ %%Q%LQ%I 24043

Thepd BXABAPLES GhovbBadhighél fPesshfe iahbsvaeroas demaehiand vetieadene
itional Ar flows and currents for the cascade

for di
C““EF%?P@?‘T YEXAMPLES 1 to 3. These EXAMPLES show t hat
hi gher pressure in the arc can be achieved for the

TABEPY d#&bhEBte AR iereddi heT&%c% &haﬁﬁélalehﬁﬁ'l%ﬁhﬁ Hakher

|ncrea3|ng the orifice channel length restlts in
resifianggend pewers tighe Befepawde hendei thesnalplonéromtit hdntate is

d BB fol R fe i s dvant ageous for
advire el fof AR N L OB Bl PEl  one.
EXAMPLES 3 to 5 show that increasing the orifice diameter results in lower pressure

and lower thermal load.

EXAMPLES 1, 4, 6 show that orifice configuration can be selected to provide equal

pressure with differing thermal loads.

Additionally, devices with cascade plates of EXAMPLES 1 to 3 were used to deposit
an interlayer coating on PC using vinyltrimethylsilane (VTMS) reactant. In these
EXAMPLES, 0.3 slpm of VTMS, was injected through a ring into the expanding

plasma. The ring was ~ 5cm from the anode. Conditions were constant at 1.65 lpm |
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EXAMPLES 3 to 5 show that increasing the orifice
di aneter results in |ower pressure and | ower thernmal
wo o@d/ 02 MAMPLES 1, 4, 6 show that orifice confPQUusioneos774
can be selected to provide equal pressure with
differing thermal |oads. Additionally, devices wth
Ar,cad dadens! ity catadpM®ldEsSgd who cliinged. eDesBtié® wade posducted

i nt rIa er coating on PC usin VI n | trimethylsilane
for?@f ?8%%@331&“011?19( K &S substs atg viasHReBongrg, that

its ¥@ter l'iﬁee@fﬁﬁ Gorl B IR A el &Qtélﬂeooﬁltlﬂ@ a?&p@BQ{ Hg &hlckness was
pl asma. The ring was - fromthe anode. do I ons
meggairast asonss therrubsitate inglsm gnpsjze PYRid0DEsaliAE 408kness profile.
PCT/ US2004/ 028774 Ar, and 40 anps. Only cascade pI ate
j 03| tion s ¢ uc
e S e o S R

repssliss K@hlecostifg degdsite® Bed f&OwidIaw), i Wisick @4 ShedduRe oMBSating
conformal with the centerline of the arc. Coatin

beaphexpapaed e oARkiiG $Bbseiss Yahessimtedar B ﬁn33§mnﬁce
ihd T

corfgERBOROCREAN 102 afl SRTHALA BhE KRGS REQL eIy, Mence, FIG.

6A unddilGt hB shpwfintregsedipressurer(Eps.e6enars fas(teﬁtleposatlbm gate (FIG.
d f IS a neasure

6B RS Sn R pat it ttbated] Bl pi e depputon ot are

wtefctafsan hbigevdhy 123 f nfi gurations
lmp(bghapegt in S0ty ot BRCdePioh bl BA cRED

ectlvel %} Hence, FIG_  6A and FIG 6B show

EX%\ Ie‘?a%édo Srivew thal pEpGingaraseade plat dasigre Fenitei ashieved all

shoWgea ﬁd:vll ?\éswtl@ﬁ% 0B the lhgrhz? 9n %Bﬁt%sg I'Ht 0 3F h‘{ Ot Id%51 s typically

el ongat ed ease pressure and ‘deposition rare are

havi @ptor&]limtbs f é:ompamtmeX(AiMBME ng is altmca&irzea 8€ie}a&s4ﬁm0£tralght
WCO MPLES 1 to 5.show t ha S|n

ChaE%eé c(geal@lp %108/85 geggﬁ 5l ORi i“aﬁ?lg €5 FesHa W@tya‘)f the

pladn@V tyREdISt0.931 afhrﬁfcni had ral lﬁglmatthgb &%‘ésréa&ﬁ p]§tE akiBtethat the
the ar-t designs t%tl cal have 2 to 8 pla

Wateo@fﬁafplamsv enERARL Lt § plgtea heyesi oaB- piatc deegm woeldmmmre a
oS 8l e B oSl SO ey e o ana

largt:ymnn@éﬂpyn@v@;&@v@hﬂpmms and a high wattage across each
plate. Note that the watts are for just one of the 2

EX AP 53 ek SRR A Eoi dow DAL, bt reed arfice

havifigCh duidaer agRerekbig s@&ﬁh and an!| #oge radﬁ"éQE:ﬁt YRS KEtion.

power suppliés. EXAMPLE 6 was a cascade pl ate design
Surpy sipgbarELIESistiviyt ofithe plagragy of ﬁ)@ﬁplgiewf/asc@luwia,hmt rig aalouble plate

dest t@ﬁﬂm 4 ecgl?xﬁ%rat%g Dothé&S ﬁan%er APhidl'a %1%% eeca%ga& pqate design

can control and change the properties of the plasma.

EXAMPLE 7 was a cascade plate with an asymmetric orifice which was a slit ~5Smm
long by 0.5 mm wide. This design provides for much higher resistivity, power, and
pressure for a single plate design. This arc was only run at 30A due to the high

pressure.
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Surprisingly the resistivity of the plasma of this

plate was equivalent to a double plate design.
WEXNYPLES i1 | ustrates anot her manner in whi chPeEr/Bs10g4/€28774

cascade plate design can control and change the

properties of the plasma. EXAMPLE 7 was a cascade
Comppaing BKAMRIESas yndv2tshows theieffiecteofithe Ghmeds Busivith différence

S, T IS B e v

intePdcBbR réd@Rd Bmudhhishdh&siRy QR Yresde at 30A due to the
i gh  pressure. P tony Sl ss ™) Us2004/ 028774

Conmpar i ng EXAMPLES 4 and 7 shows the effect of the
EX%M%LEJS/ Alpdtshopithatci deubleerseadeadspign twithtE 4 MIHEéns end a

i£ f.er: - el . LE 7 wi.t h_higher .
o3 G Ay A 5 AN e A i
fromde o 686 tawad EXNAMPIESCE at D13 Fhldvint Faabe & gRWRLIStIvity of the

MPLES 1, 5 and a 2.5 mm

casgade ' -wi.th 1, °k ) .
plasGy ARG EOAMALLS SRy [TGhIAater Se0 s dedsmmior banligele single
Casdaggmédgsfgﬁ: Thus increasing fromone to two cascade

pl ates causes a 2 to 3 fold increase in the

resistivity of the plasma. These EXAMPLES show t hat
The) BRAMERIES showithgt ¢ascaderplptor designedant befutdizsi rtgl teilor plasma

te Lan. - The LES show t hat cascade
P ro%?tgét%&e}g g%}g%\gena rgﬁ%@%@%ﬁop ?I}(’g?é{l}/gref‘ai | or plasma

properties to achieve a range of performance features.
EXAMRIESHS TQ 130 15. Cascade plate design was tested to

ascertain effect on Abrasion Layer Performance. In

SRS s e A R R M Ca—
In tRQk Ve DIPDAESE cSNBRE Svehé ‘a%zcﬁﬁe@bﬁﬂé%!iﬁﬁ (Ut avilifole

..Sheets were coated with | ayers of abrasion
silicp djardcapied qwhicarhgsate Ehedts |feoye IGEvdtrudeped iRredudte)r The sheets

- 1S .pi N 1. 65| Ar and .
wers BERRER 0127 Ik of i Rlon e b i F g tsmoreh for
8 sacatds ading) 03 9s$lpm ah b4y heSSf]EﬂDM allrﬂy’EOamﬁﬁ. ?nﬁ@xwg&ﬁhg was
flow rate of 0.8 slpm The resulting sanples were
applied 3t ey ‘?’%/B%@P}é{slia%ﬁqofﬂ‘%?ﬁa@nﬁ Rad Mersgepnddayeraplen pexgen flow
rate 6PE.3sBMR! es were imersed in 65C water for 3 days and
t he agﬁgsi on tested with a crosshatch taper test.

Adhesion was rated as 1 to 5B followi ng the ASTM
The peptigggsamples were tested for abrasion using the ASTM D1044 Taber test.

The samples were immersed in 65°C water for 3 days and the adhesion tested with a
crosshatch taper test. Adhesion was rated as 1 to 5B following the ASTM D3359-92A
standard with 5B being no separation. The maximum temperature during deposition
was measured with an IR sensor. TABLE 2 lists deposition temperature, deposit
thickness in microns, change in haze after 1000 cycles with CS10F wheels, and

adhesion after water immersion.

As shown in TABLE 2, the FIG. 3A, FIG. 3B and FIG. 3C designs gave coatings with
similar Taber abrasion. However, higher wattage increased thermal load on substrates
resulting in higher deposition temperatures and poorer water soak stability. This may

be due to increased stress from the higher temperatures. In the higher wattage case, an
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standard with 5B being no separation. The maxi mum
tenperature during deposition was neasured with an IR
WG e0Ss02640MABLE 2 |ists deposition tenperature, PAEPSRNNL/028774
thi ckness in mcrons, change in haze after 1000 cycl és
w th CS10F wheels, and adhesion after water
optingrire osifion design sdmobmsel ectdiABL Bra®ide fe equaGprabureak BwdBower.
Thiggeqec%loe' rg’vc ‘%SSi %ns 'ga.ve coat i ggs W t sim |l ar Taber
ABF SLCBRTOISRAORFT ORTTAing CORE Y JBPFHEH Sa8éne nesirmance.
| oad on substrates resulting in higher deposition
tenperatures and poorer water soak stability. This may
be due to increased stress fromthe higher
tenperatures. In the higher wattage case, an 15 WO
2005/ 026409 PCT/ US2004/ %é\ﬁbﬂ%pti mum orifice design
can be selected to provide an equal pressure at |ower

CP B ; Sehechi provid | O at--ag—€ost s
an inprcgg% coa %%aﬁggrforﬁgﬁgﬁaﬁ¥%ELEH§i@ywﬁﬁn(f
desi gnDep ek | (pn) Taber dhHazeW adhesilaa 58} Tenpt @
5B) (O Erg ndiing722. 084. 05 channel a 1.8 mm
strai ght 9627 733. 83 Exp channel a822.503. 94 inverted

EXAMPLE 16 In order to show that the design of the

Expendifig ce ijrm2a singige cascade 4pl at € ETP ggnerator figs a
st gt istigally significant effect on the degree of
cha furson dissociation in fhe downstreamreactor, |a

Desi gned |Exper i ment (DoE) was performed using two

1.8 HASGAH: | Phal e WattT Ui ffergry—orificeszantd—using
varyi ng argon f{low, precurs;g’fg(VTMS) fl 3vv, and pl asma
current as control paranetérs. The voltage required to

Expselgmnaéinat B2 pl a35@ at the[@ari ous conditi ons was

inveﬁggsured and used to cal culate power going into the
pl'asma. Pegree| of dissociation was evalluated by
neasuring part|al pressurefof the pregursor before

the plasnma was turned on (i.€e. partial pressure of the
undi sassoci at ed :

EXAMPLE 16

In order to show that the design of the orifice in a single cascade plate ETP generator
has a statistically significant effect on the degree of precursor dissociation in the
downstream reactor, a Designed Experiment (DoE) was performed using two cascade
plates with different orifices and using varying argon flow, precursor (VITMS) flow,
and plasma current as control parameters. The voltage required to sustain the plasma
at the various conditions was measured and used to calculate power going into the
plasma. Degree of dissociation was evaluated by measuring partial pressure of the
precursor before the plasma was turned on (i.e. partial pressure of the undisassociated
precursor) and after the plasma was turned on (i.e. partial pressure of the dissociated
precursor). The ratio of the partial pressures was proportionate to the degree of
precursor dissociation. Plates configured with an initial cylindrical portion and a final
conical portion as shown in FIG 3A, were used to provide control parameters.

Cylindrical portion length was varied froom a standard length of 0.08 mm for the
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precursor) and after the plasm was turned on (i.e.

partial pressure of the dissociated precursor). The
WO a10502@hH9 t he partial pressures was proporti onBtBEUSIN04/028774

the degree of precursor dissociation. Plates

configured with an initial cylindrical portion and a
confrohdésigrc tmivdat thelrstahldﬁrdalénghOVth'sqﬂ ld&i%l@ﬁeltﬂé k8nsl9edsed in

rovide control paraneters. . indrical portion _

EX{Q\&F&@% adnd o | BEPTRYa SeaRieaiene] enpetme Gibalsniististical
anag@fs foiev16 WO 2005/ 026409 PCT/ US2004/ 028774 contr ol

esign to twice the standard | ength. These designs are

the sane as used in EXAMPLES 1 and 2 respectively.

The Designed experinment and its statistical analysis

follow. TABLE 3 - T3HIP3OSHXE CFrOBI

Par anet er sResponses GasCascadeAr Fl owWTNS

ContrdPPapan@iayd | ng Resul T1ng POWer T SRl &, Bk
o1t 108 a8 do TR Gent Resuting] Resaling
Lengt|h20. 354013762. 14286 VTMSDoul]l e Power | Pressure Ratio

LOO OO Vel . VoV I B Wa VoA Wa ol W ) = 2 | PN

VTME TIUHaUBe T S  O 0 T 1m0 v I vorpiie——5 T340 31

VTMSTTOURd HielE Ll!/_u-r/_. TO 7T VIIvD ;ru —€ 80 2430 3.66667

VTSI ik 2GR 0882 96687 VIMBRowe— s =-¢ 2.14286

VTSI Hd e 2A 28171445 ‘v’Tu‘v’S"_ e 0 13'41429

VIS NI Hdbie128 2237143 ‘v"i'u‘v‘SC‘d.% dat u'Zh:O 154ui 2 2= “’GG‘Z.'16667

VTIVE VB AIMATHAR- 100016203 3333%; 15 60] 2088 2.96667

VTMS VOIDelbiaAleRgiH - $o2UTZ6H. 771435 35 40 1228 1.71429

VTIWE V3D abaledd]- $000160427 57143, 35 60 2082 2.37143

VTS VoiEtamddad d10. 154083418 0.15 40 960 2.46667

vTNE Voittamead d10. 156014072, 33333 15 60 1626 3.33333

vTME Mo$ittamded d10. 35408361, 42857 (.35 40 928 1.77143

VIMS  |Standard 2 0.35 60 1602 2.57143

VIMS  [Standard 1 0.15 40 832 1.8

VIMS ~ |Standard 1 0.15 60 1416 2.33333

VIMS  [Standard 1 0.35 40 836 1.42857

VIMS  |Standard 1 0.35 60 1404 1.85714

TABLE 4 - Estimated Effects and Coefficients for Power (coded units)

Term Effect Coef StDev Coef T P
Constant 1492.0 26.44 56.42 0.000
Cascade -583.0 -291.5 26.44 -11.02 0.000
Ar Flow 206.5 103.2 26.44 3.90 0.002
VTMS flo -20.0 -10.0 26.44 -0.38 0.713
Current 778.0 389.0 26.44 14.71 0.000

TABLE 5 - Analysis of Variance for Power (coded units)

Source DF Seq SS Adj SS Adj MS F P
Main Effects 4 3952861 3952861 988215 88.32 0.000
Residual Error 11 123075 123075 11189
Total a5 4075936

Analysis for “Ratio of Dissociated VITMS Partial Pressure to Undisassociated VTMS Partial
Pressure” response:
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VTMSSt andar d10. 356014041. 85714 TABLE 4 - Esti mated

Ef fects and Coefficients for Power (coded units)
waesostbdsect Coef St Dev Coef TP PCT/US2004/028774

Const ant 1492. 026. 4456. 420. 000

Cascade-583. 0- 291. 526. 44- 11. 020. 000 Ar

FITARDB .55 H3312:26d #43cQ0Ad @2 T for Pressure (coded units)

fl o-20.0-10. 026. 44-0. 380. 713

Curr enetrWS. 0389EOR6+ 4414 .C340. 006V FTABLE 5 -T Anal gsn

Vari a 6r Po co r? |ts§ ce ? 0.00

SSAd] é g E? 3@2?343 5§§%§13922F 51088415

88. 32®rbﬁ0ﬂoReS| du@lﬂ Er FOI3031423075M1280751919890.000

Tot al 954075936 AndPysi sO36t° " Rafi 306 Di%&bcPd’8d vTMG
Partial Pressure to Undi sassociated VIMS Parti al

Pr essuéBlide Spoeadysia of Vimizoedpiobigssyee (coded units)

PCT/ US2004/ 028774 TABLE 5 - Esti mat ed Effects and

sourcpef fj cients fBf Pr e&%&{ (cofadtauni t3P 5 oo of 4 ooh
nos TEnMERE ect Coef P g.1987 o. 03807 '
TotaConst ant 2. 425305 0336@742LOQ80 000

Cascade- 0. 4601- 0. 23010. 03360- 6. 850. 000 Ar
FI ow0. 69110. 34550. 0336010. 280. 000 VTMS
Theffbl%v(r)ing g@ 251330 - N B30 &t P46ks @@he Responses versus the various
factdear rent 0. 70300. 35150. 0336010. 460. 000 TABLE 6 -
Anal ysis of Variance for Pressure (coded units)
Sour CeDFseq SSAdeai§§%@tL Plb{%gmgéﬂé)ﬂ)r Power
Ef fect s46. 21136. 21131. 5528185. 950. 000 Resi dua
Error110.19870.19870. 01807 Tot al 156. 4100 The fol | ow ng
two graphs arg\,@ﬁfal n Effect Plots of he Responses
versus theevarious flactors:

1700 —

1500 e v m wm N s b e

Power

1300 —

1100 -

Cascade ArFlow VTS flow Current

Main Effects Plot (data means) for Pressure Rat

el
oM gs‘\

oo e o e o o® @

270 7
255

240 -

Pressure Rat

225

210

Cascade Ar Flow VTMS flow Cuirent

The foregoing statistical analysis shows that both for the Power going into the ETP

source and the degree of dissociation the p-value of the cascade Plate control
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Main Effects Plot (data neans) for Power 1900 1700 3
1500 a 1300 1100 2.10 S Cascade Ar Flow ONS M fl ow

wokes/okdfsbect s Pl ot (data nmeans) for Pressure RedT/58®04/028774

VTIMS flow 035 0 Current 60 bO Cascade At Fl ow Current
The foregoing statistical analysis shows that both for
parametepds prsnehatyd (g Tive ohe pescrdeplaquics dsmgn theharegitekavsfa

mausnc@iﬁ\s’%gjbnﬁtzéﬁﬁ 8 Bi Bt YRoGks Aadaeesc 38 GRden IR ab e ccmt]ﬁcohm
2005/ 026409 PCT/ US2004/ 028774 pararheter is i‘ess

cascadq phte s deyieq OnEheanc §u8 aenetrp] éheedeﬁiﬁef o€ dighesiation jof a
precurs§{:ﬁ§]e§%d Iohay e, ndﬁﬁQEéﬁﬂaﬁ gﬁkﬁ% significant effect on

respons summa 3ngi ng the
cascade plate orifice design one can thus control the
While grafemed shibedintsanbrihofineention deaye soreni dsedbedl hatiyesent

invenudd'R SHPRRALNGIRRLTBE RLAFERion and therefore should na. be Hmited
to the precise details of the EXAMPLES. The inveniion includes zianges and

alterations that fall within the purview of the following claims.

SUBSTITUTE SHEET (RULE 26)
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VWil e preferred enbodi nents of the invention have been
descri bed; he present invention is capable of

wo asosaté4son and nodification and therefore shoubdr/s2004/028774
be limted to the precise details of the EXAMPLES.
The invention includes :: ranges and alterations that
fall xvithin the purview of the foll ow ng clains.

WIBBST COABMSBHERST (RULE 26) 19 WO 2005/ 026409 WHATI S
CLAIMED I S: A ntthod of depositing a |layer on a
substrate, conprising: PCT/US2004/ 028774 determ ni ng a
target process condition within a chanber of an exp:
iding thermal plasma generator (102, 202) for pl asm

L ennaneedrodiidificeasitipgpdayer an a spertatd. epmp¥isiag: coating on
a substrate; the generator (102 202) conprising a

deteratifiing, ai tardel ocadd @bnditibf phagaad bRy sRG Ca¥la Bh@t 1@11%”@1 ermal
th concentric or f ice;

ener ators
PlelE BT HEe AR BIoSTS FHCRCnSemarel et ey of o
coating omf aguﬂﬁd‘aﬂﬁ tﬂe geferb@r qf 6:8C302) ft%m]jrgﬁ&t 4 fcbﬁd 1& P E1206),

SS CO nd generati asma at

rep[RafHES SpTO0E el BHUPTIEROB ) DGO VY camcerigic e

to the plasm generator (102, 202) and ionizing the
repilcangtae gascdde e a¥ith Ariotidr\WRA8 hevihp @denti §ub86 ori 206 @Rsdt the
‘delgtgp&irtg;pg&d)r %@%gfﬁZuogéga hin the generator (102, 20;:'

a plasma onto a substrate in
a deposition chanber. 2. The nethod of claim1,
ZENGFBING M Pi%@%#dbeé@rgebmp@ss @aniligion Ibavqireddmgom tisea gas to the

0 I ow,
plagfriég %g}ée:gs?éuﬂr (eﬁ)& tg 0%1 lzﬁix!%%gﬁ t}fpd%lgﬁ@ S I arc between cathode
(10pe 30t and gyneratprsl 6198s OB owithint e generdtve (h@ﬁ, i?@d erﬁd expanding

the?g? %‘%éﬂasggdgﬁﬁtng' s%gs@raﬁéﬁ{ {"H%‘ogﬁ}oﬁ 051%5‘? ! n| Jt hem zation

, gen ator (102, 202) and rep |; .sing the cascade
pl at B¢ virethod it Haim di. é’f“@fﬁa\,ihﬁg?r%s%mlfdlw sonfleaged &gm the

grolip cBihdi 86k bK @urrérﬁrﬂ%mé 28N ARk | £B8prsQlrk 88048 (1 %1306) voltage,
of. cla Fising detpermnlngata

p]ai‘m?Ecéﬁfb‘ﬂtwdt%é’éé“’%ﬁ"?ed to the plasma gas W|th| n
the generator (102, 202) and relj acing the cascade

pl aThe vmt:fhoﬂnm hlafm [, aiomﬂmmgn@et&ﬁnﬁ ofd ERp&ONhizaN:E Joltage
app‘NeEl?o hse rg ; h % to ect the target

ied.to 4 cﬁ% %z]t tggsggn nn t e gen rator (102, 202) and repl cing the cascade
plate with another plate having an orifice configured to effect th: target ionization

valtage.

4, The method of claim 1, comprising determining a target -onization voltage
applied to the plasma gas within the generator (102, 202) and re)) acing the cascade
plate with another plate having an orifice configured with a stre] thi wall length to

effect the target ionization voltage.

5. The method of claim 1, comprising determining a target pr: sure of the plasma
gas within the generator (102, 202) and replacing the cascade plale with another plate

having an orifice canfigured 10 effect the iargel pressure,

SUBSTITUTE SHEET (RULE 26)
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5- The method of claim1, conprising determning a
target pr ;sure of the plasma gas within the

w@eosnad4oy (102, 202) and repl aci ng the cascadecpiston4/028774
with another plate having an orifice configured to
effect the target pressure. SUBSTI TUTE SHEET (RULE 26)
20 WD 2005/ 026409 PCT/ US2004/ 028774 61 The met hod of

C :C am{]d mﬂ:tihca QTRIFISI Ngonptieihn delenhing e taggey etespure o tefplasma
{ asna

6,
er at or.
eas bR AIT eI e D A e RS T Brar Pl by gate
havidig @ drifi @ecom@ighi@duiiasa wirdifhtaw st Teaptho efiadtlthd RAGH breseure.
ef f ect the:tari t pressure. The nmethod of claim 1,

];3 lu; her %ﬁi?) Le geﬂ#@?[g‘%or&?%ﬁg%%%%ggda§%pﬁ ﬁé%.ﬂﬁ)ao the

plasata withmmh&,geﬁcmtmewz;aﬁml sing injecting a react;;:; t
gas i nto the plasma within the generator (102, 202),
det LAhge L8308 e8hto the
rep aC| ng ﬁgfégag%ageﬁgﬁ'g‘féé#ﬁﬁné%gt d?]? %a%ﬂe% ha¥ %g o e
plasme piibin te groafitgui 62, 202), detdreiting hdargetrigeistivit: for the plasma

r Vil T |
andcxgcﬁparcgrl 'ﬁhgey F%SJ%ad pﬁtm@e%%ot%ercﬁa@ rﬂaaiinrgn#{) Bﬁﬁf coT%%Jred 10
effent theitargeheesgpiingyat or (102, 202), det erm ning a target
resistivii;, for the plasma and replacing the cascade

o. Pl atge %étﬂo@r&?thﬁ{x]e fhgr e&npmqug eGifig a fré&Wn?‘éaserkB the

a straight wal to effect " the target plasnham
playrag wathiy itheygentcawﬂﬂé&r&@ﬁo&ﬁt@mmmaﬁmet aRpeY g )nfome% plasma

a e of
and R lihe (RS RA050 G Oy nb ey RATRE sheROBQL oOlnghed it o
stramé vealblenath t@e@if@adtébpﬂra@teﬂ@ma registitiys a | ength of 1,
5mmto 10mm 12. The nethod of claim1, wherein the
10. an otrhs m&BSE 86 e1aph At SiRreih tHe ﬁfi}%ﬁfé@%a&aéeeﬁg\terbr 1Rk B ength

smm 13. The net hod of claiml1l, wherein the
Of’éﬂ%’s‘t"rlﬁsiséhﬁ%zgnirﬁer mopl al: 1 ¢ substrate. 14. The

met hod of claim1l1, wherein the thernoplastic is a
11.p0l Yhe dndiBeRbLE cladh 1, ThRrdi thochotfer chszbdd Plateh) PicRiHas hength
Iasna an argon Sr ar gon- oxygen- organosi | oxane
Ofg n‘rhe met hod of claim 1, wherein the plasm
is generated tc ; ,eposit successive coatings on the
12.subSheah@hod of claim 1, wherein the another cascade plate o fice has a Jength

of 2mm 1o Smm.

13. The method of claim 1, wherein the substrate is a thermoplas! c substrate.
14. The method of claim 1, wherein the thermoplastic is a polyciu bonate.
15, The method of claim 1, wherein the plasma is an argon >r argoun-oxygen-

organosiloxane plasma.

16 The method of claim 1, wherein the plasma is generated tc 1.eposit successive
coatings on the substrate.

17. The method of claim 1, wherein the substrate is planar.

SUBSTITUTE SHEET (RULE 26)
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17. The nmethod of claim1l, wherein the substrate is
pl anar. SUBSTI TUTE SHEET (RULE 26) 21 WD 2005/ 026409
wEOS052004/ 028774 18. The net hod of claim 1, PEUSI004/028774
the substrate is curved. 19. A deposition apparatus
(100) for generating a controllable plasir a;
conprising: a deposition chan-nber; adapted to be
18. rrainﬁlteamﬁwdakf claimak Mspe icsupyteale isgpercdan articl e
support within the deposition chanber; an expandi ng
19. t hes meboftias BBpHH0S (1V0P for(gbhdatid2 tortAIMABle P40 ad comprising:
cathc: +: e (106, 206), a single cascade plate and an

enerators, (10 2 and. a.carnm...: ieating qrifice
« aRPSEE e rme e ddim R P i § Mg bt R Fbengr
of 1 mmto less tl- n 20 nm 20. The deposition
an aapgasaresyt (b)) thefdepdsition d@mbetierein the easel ie
plate orifice has a length of 1.5mmto 10nm 21. The

an SPRAGINE I REMAMP PRAa UL &40 10 29,’2)8&6991&%511%%@&&5;:@ (108 206), a
. cast;;: le plate orifice has alength of 2mmto 8mm
single caserdeqplsdsiapd oin geprariaiyél QBLAPP) gndch fommig cating orifice

thrdtﬁg [iRé Basch®: ﬁla&ytheld)l@imh Abing EP%ﬂg?I?of HhANBYES 18 wa%gq.

radially synelrically in the ow direction. 23. Th

depgsi t.i on. apparatus (100) of claim19, wherein the
20. cashhe fﬂela%“tb(ﬁgwﬂa% 5(198) ofiFlaimd &r WEHSHGES cAdieplaje orifice
has ad&y@Rof il hinto i10mdafle fl ow direction. 24. The

deposi tion apparatus (100) of claim 19, wherein the

21 92560e il QgL P58, BB ne biionne

has 25engthefdepose 8inom apparatus (100) of claim 19,
further conp : sing a port for introducing reagents

22.1 ntppd B@p&kt%rpglr%@s} pzﬁbgoﬁégﬂﬁilbi SR RRPAL ABYS 1 é@x@ orifice

_of claim?2l w i reagents are ~ introduc
diamptep gangss radigly syoenties]lyfin dstflow dpestmnor , nebul i zer,
or eval:; rator. 27. The deposition apparatus (100) of

23.cl arpe &8s Sigardthe(1085 bf Handl Q@ oPhALSid Geghifde bidte orifice

& ,El“ace by a t({ljr eaded rod and nut comnbi nation traversing

jargeter changgy gadiallypssypeyicallyin tae flewditertigg. cat hode (106,
206) housing , cascade plate and 1 venerators (IDS.

24. 208The BeiRsitiohl Hpafsitis{T 00 R0 HaidP ) 9 A2herein the casc: de plate exiting

orifice diameter, and the generators (108, 208) entering orifice are mat. hed..

25. The deposition apparatus (100) of claim 19, further comp-sing a port for

introducing reagents into the plasma .

26, The deposition apparatus (100) of claim 21 wherein k2 reagems are

introduced through a ring, nazzle, flash evaporator, nebulizer, or evag « ratos.

27. The deposition apparatus (100) of claim 19, wherein the casiy de plate is held
in place by a threaded rod and nut combination traversing a call ode (106, 200)

adjustment ring, cathode (106, 206) housing , cascade plate and ;:ienerators (108,
208).
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WD 2005/ 026409 PCT/ US2004/ 028774 28. The deposition
apparatus (100) of claim19, conprising multi 1, le

wez@angisng thermal plasma generators (102, 20PQT/US2004/028774

arranged to cover an extended arc . 29. The deposition
apparatus (100) of claim 19, conprising nolt t le
expandi ng thermal plasm generators (102, 202)

28. afﬁfen@%%swoh fhp?%at@rﬁom 68166199 aldfmpriging el le expanding
uni Torm properties on substrates. 30. The ge]pgsnl on
thermap plestewenerape) (102, 29Riaranerd QGRYS 3P HUiFdep afee-
expandi ng thermal plasm generators (102, 202) '
29. af“{}?@ggﬁi;smotnhaﬁafd‘n@r @b) 6AsRAAEY, | donireBingomeftf; éz txpanding
different propérties on flat su,qfér tes. 31:3 A t,(h%glfect
thermsfl PARSFLISERTRIOTA (F @%pet020 ATaPESARST AFEeTE 5RPT S A
unifod@LBHPRMENGL SudsBh@et property in a plasma gas
generator (102, 2-)?) for plasma enhanced cheni cal

vapor deposition o atLng.on,d h trate; .
30. ;\a/‘glﬁ%rdé? t‘?’l@??ara%@g()l8@0ﬁ%rC?aéilnnlgé’ae“é}gétﬁﬁgd@af("%%%%ndfng
thern2Q§)lasniee phireaail (@ 02,802 derapgest it Aifferem catcads 1 (atggo cffect
difh 20823 Wi t h cogf nt ritrc t,’ori fice; and replacing the
ifferent Prapstiss P YR UAIt her pl ate having a confi gured

on.-; :ce to effect the target property. 32. The
31. nmethoethodl of deparitBie a fayertduey subeingie. coMmgsyEner at i ng a
pla,;i aa at the target plasma gas flow by providing

detex?nimr%s gatag%'i §Rpliaf iR APIRRACEAY Behatbl QF02, 202), for plasma
ioni Zlng the plasna_gas in an are between &F}t hode
enhapegbchoney] vapar denasitiontadascogting on thepwpstigte i  grprgator (102,

202)0RREAERY o CABdde BR) 206)0 - PrRBAKE BabchNenIgR%naS; Aeraiods (108,
into a deposition charber at a |ower pressure than
208)widh perpsrancgaHEteatt (10: 1 202). 33, The nethod of
claim3], conprising determning a target iu:iization
replat@hgd BreG@scadp pldte dithnbher platsminges cofightad dritece to effect the
enerator (102, 202) and reply: i: ing the cascade
argd | PEeRET Rk t h anot her plate having an orifice configured
to effect the | grget ionization voltage. 34, The
32. metthednahod lofiichai®13 1, darthpr iceinpgside tgensrhimany phe itnarag ghe target
ressune of the ..nla S W thi e tor 0
p]as%Z asa?llawr eiS|p£§Y‘ﬁ‘§‘% agﬁ %s?‘?a Fggdté@ él%a%gg%gtéﬁ Elg(n%t ﬁg%’ %02)’
ionigihgttbe Ipdasimagganinoan ficcdetgedneciteaiet (3 06 2060 tang ienemtage (108,

208)0 rweiﬁﬁxli' rtge g%HE%@rTHBE, %55'5111(( %dg@ t}?e?’gas as i plasma into a

deposition chamber at a lower pressure than the plasma generator (102 202).

33, The method of claim 31, comprising determining a target i iization voliage
applied to the plasma gas within the generator (102, 202) and repl:«ing the cascade

plate with another plate having an orifice configured to effect the |arget ionization
voltage.

34.  The method of claim 31, comprising determining a targe pressure of the
plasma gas within the generator (102, 202) and replacing the citcade plate with

another plate having an orifice selected to effect the target pressure.
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WD 2005/ 026409 PCT/ US2004/ 028774 35. The met hod of
claim3l, conprising determning a target re;, stivity
woboshes40pl asma gas within the generator (102, pCDR¥20a4028774
repl acing the casc, _ de plate with another plate
having an orifice configured to effect the target
plasma re:s stivity. 36. A nethod of depositing a
35.1 ayBle ARURA &f blafth &1, QBH@Hkﬁg%tcﬁﬁ%%?gep k@SHRi93S the
in a plasma generation chanbéer in confru-, cation with
plasga depasthin dhe aagrpler (19he2(7) amdarcglinmgatic ofpsetignplate with
a el > ors
o R S T Bt eI ol RENRLA)
first orifice configuration, the article being
36. 4i shahed of depesiiapadaver om ag Adidse FopETiB#at i ng an are
in the plasma generation chanber to create a plash a,
flowiig C pldseis gad i @ plBanS eRASHE bO RhENBSEDRY corhMu8Ghiifg vath a

material jntQ the plasma and_reacting the materjial. to
aepfRligh cFamgb hetPlen AEeraian, oG D AN DA ARl 0F 0Z06)
andl &Y gen&bRrA¢I®Y, i 8i8) Ginfi Ontdr iy thsth® pRNIhEERL ACHRAY orifice

he cascade plate having,a first orifice_configuration

Cone}teﬁ‘%ﬂ ﬁotﬁﬁ élﬂpcb? bgige d‘ﬁ%‘%ﬁ%ﬁg“ the gieppsiitthagiber ce

configuration that provides the desired | ayer
genehatiagnassc iBthe dlagningéddatidf ciilibeMma3reateliefiad N, tvhigich flows
; td' gferent orifice confi .ration provides the desired
YR IFPYRF WARIY t hout change in process conditions.

38. The nethod of claim 36, conprising determning a
injedansg nendtempl Sniprtbe plasmatand reacting ¢het hatepilas Map@nida layer on the

arti£|€P! acing the cascade plate having a first oril: ce
cohfiguration wth the another plate that permits the
desired gas pressure wi li : gut a change in

detgranning s dspirecolayergbaraggristithipr fhet drddecdndc| ai m 36,
conprising determining a desirei gas flowrate to

replab@at ﬁetéhﬁcz@leaﬁgﬁ ﬁﬂl@lé 8PAARC LRGL *&S‘nﬁg?h} ; w{?h:&%ﬂ]cr plate

e

having a first or | ice configuration~ wth S
havingp figfersst aifce penfisyeation that revidsdhie desingd daykl digkmasse

gas v,i hout a change in generation chanber pressure.

37. SUBHId fditfod SHEHdin{ Rb)LFhetbih 184 VR 2Q02{R226408 g aration provides
PCT/#;ZOO%.O 8774 ,40. A nmethod for generating a
|

the J B MY S TGRSR P BP Yt AbrRe R F80Ress ereHETRet hod
38. The method of claim 36, comprising determining a desired gas pressure to
create the plasma and replacing the cascade plate having a first orif ce configuration

with the another plate that permits the desired gas pressure witkout a change in
ionization voltage.

39. The method of claim 36, comprising determining a desire ! gas flow rate to
create the plasma and replacing the cascade plate having a first or lice configuration

with the another plate that permits the desired gas flow rate gas wi hout a change in
generation chamber pressure.
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conprising' providing one plasm source conprising: a
pl asma chanber () 04, 204) 1,04, 204); an (¢enerators
W@ 2@3/02”208) and a cat hode (106, 206) di sposed POT/URB®OPH28774
asma t hanmber (104, 204) and n single cascade plate
repl aceably interposed between the g.,- ierators (108,

2Q8 1
0 2080 o8 165, OBk ORI ARl

Lomﬁ’g§§é1 nlet; providing a plasma gas through the pl asma
gas inlet to the plasma i: (104, 204); generating a

provmdﬁh@&ﬁ& pldﬁzaﬁ%viﬂe&%ﬁﬁnﬁiﬂgn@ﬁas&aQl‘}aml?egl% 04, 208} Nk *76143 an
ener “Q s%é/ r epl acl ng the cascade plate with anoth

generifrs (LRSI Gha o ods L0 D) SPGB i Thecolepet thaghber (104,
204) IS Eng OAL5S: ﬁfkdieblaeélab Ljé;me scAMehGhed Mk Ay &gﬁk{é’}z’} 08,

t he tho ofca|m40 SUBSTI TUTE SHEET (R
208) anlgl CE[[H'IEOCEi (?Ob 206); a power source (112, 212) coupled l(o thi: cathode (106,

206); and a plasma gas inlet;

providing a plasma gas through the plasma gas inlet 10 the plasma :hamber (104,
204):

generating a plasma in the plasma chamber (1 04, 204);

controlling the plasma by replacing the cascade plate with another hs» ing an orifice
geometry to obtain a desired plasma process condition.

41. An article produced by the method of claim 40.
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