WO 02/ 03415 SW TCHED UNI FORM TY CONTROL 5 10 Background of the Invention
PCT/ US01/ 18623 The present invention relates to apparatus and nethods for
processi ngogsphsitsat es such as sem conductor substrates fQieTus®1hgs2s C
fabrication or glass panels for use in flat panel display applications.
More particularly, h&ﬁvgfese s proved 15 processing
systens that are ca i = o5~ a hi gh degree of
processi ng unlfornlty across the substrate surface During the manufacture
of a sem conductor-based product, for exanple, a flat panel display or an
integrated circuit, nultiple deposition and/or etching steps may be 20

enpl oyed on the surface of a substrate to form devices such as transistors,
capacitors, resistors, interconnects and the like. During deposition,
successive layers of various materials are deposited on the surface of the
substrate to forma | ayer stack. For exanple, |ayers of insulator,
conductor and sem conductor nmaybe formed on the surface of the substrate.
Conversely, etching naybe enployed to selectively renove materials 25 from
predefined areas of the substrate, and nore particularly the |ayer stack.
For exanple, etched features such as vias, contacts, or trenches may be
formed in the layers of the substrate. Etching and depositing processes
and their associ ated reactors have been around 30 for sone tine. For
exanpl e, deposition processes including chem cal vapor deposition (CVD),

t hengal CVD, plasma enhancegadkisesimepof thapavendipnosi ti on (PECVD), physi cal
vapor deposition (PVD) such as sputtering and the |like, as well as, etching
processes -1 WO 02/03415 PCT/ US01/ 18623 including those adapted for dry

etching, pla enhanced
reactive i on%gggﬁeg ]I?‘%Eﬁéﬁfﬁ&t SES & ?%%ﬁég H)t%g{c?ﬁg Irag&l;%anc gg‘%b%%%ey and the
| i ke, hawh abe&mmﬁﬂﬁ@&mbdrmﬁoﬁmlmy@dab&mawm ooglsssagele és useipflaicess

sem conduct or substrates and di spl ? eh
panel display applications. More partlcu arly, the present invention relates to improved

15  processing systems that are capable of processing substrates with a high degree of

processing uniformity across the substrate surface.

During the manufacture of a semiconductor-based product, for example, a flat

panel display or an integrated circuit, multiple deposition and/or etching steps may be

20 employed on the surface of a substrate to form devices such as transistors, capacitors,
resistors, interconnects and the like. During deposition, successive layers of various
materials are deposited on the surface of the substrate to form a layer stack. For
example, layers of insulator, conductor and semiconductor may be formed on the surface
of the substrate. Conversely, etching may be employed to selectively remove materials

25  from predefined areas of the substrate, and more particularly the layer stack. For
example, etched features such as vias, contacts, or trenches may be formed in the layers

of the substrate.

Etching and depositing processes and their associated reactors have been around
30 for some time. For example, deposition processes including chemical vapor deposition
(CVD), thermal CVD, plasma enhanced chemical vapor deposition (PECVD), physical

vapor deposition (PVD) such as sputtering and the like, as well as, etching processes
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5 I n processing substrates, one of the nost inportant paraneters that
engi neers strive to inprove is process uniformty. In the etch

envi r onnmewlo o2foag1sexanpl e, etch uniformty is an inportantpcdatinggaant of
uni form devi ce performance and device yield, 1i.e., a high level of etch

uni formt e .0 LAY, . pe - Qf = t ocessed
subst ra%c}s{l,dg%n@g%e é}%ra {r%’glfg%/(grgtelﬁmr%’ f)l(%%% thglg ,%eggcfx{%ﬁén trE?‘%cnu actufrer. As the
term i magigicolpentaceal feactbiedbn eiohihg (MBRIE), eleetron tyclotien tesodanceri ty of the
entire etch process across the substrate surface.including etch rate,

m cr ol o8&y andiheldikechavetess mirodued gad eaplayed &e ¥ar{qusidpgrees OIPESt  di nensi on
control 0 (ﬂéﬁris{ﬂ%hﬁ raﬁghﬁgjﬁ,gh&a&l | ke sidewall angle and roughness. If
g r

t he etCF'IeIS [

y uniftorm xanple, it is expected that etch 15 rates
at dsfferent points on the substrate tend to be substantially equal. In
this case, if is less Jikely th one area of the substrate wll be unduly
over - et ched rPéeséWﬁéPL%g‘?isomr‘glﬁlé? ROt ARG AT GZ?IE 4P Fough not

speci fi galb Yo #836Vd B9Focesd wihRMitd, Bethe RURNSHOREANRE efappIs] ditton uni form ty
is simlar to etch uniformty in"that it is also an inportant determ nant
of uni f oniforchetyiis en pepdrtantrdefcrnian of awiferm devideperpompreegadidevisn yidldh nany

applications. t hes t.rji ngent .pr.ocessin i t S ontradi ctory
2t i 1 &b ehtisbianser e Mo rHE SEBI3 e N ATRRLS ERERrT " S "ue o
t he 1o pr gaRBREd Sifbstrhe, vithich trawsditss intodbweisist fog iy Mewsacaren Ab ticrtamat i cal |y
different processing requirements. For exanple, etch recipes including

pover , -isewrdpyedihercinsidsenfamity safersdo dramiSTRly ohHg gt Eft?}bwoﬁ%?flbe. required
Lo drangli&abl Yukhaat Ml B ERAThE InibrolShdifl SnalRRIc AR, 0 achi eve the
desi red processi ng perfornance. “Furt hetrnore, betause o thé nature of the
pr ocess enderlapérakicalivitg yridcal dimémsion contrsl andprodilachasactdristieslike siéewall chanber
walls, and as_a result_the process may drift. 30 In additiaq ocessi ng

t
uni f or nPRgje aftqﬁ@ﬂléh%ﬂs‘_éoﬁék‘? geh Eft}H%bfly radoray fofrexagiple Atis Fﬁpechqgh%t% r onduct or
| ndystr ¥ates%gfﬁt ééﬁg olfiP8s ﬁf’é%bétﬁ%%{‘s\;\ﬁd fobRBUERN R0SL. T8 (b Base O ls Of

ownérship o ocessi ng tool, I ch includes, for exanple, the cost of
acqui ri ieys hkely thmhbn¢ aeaofithetshisstsieswidlrhe undelyfavenatshed while othandweas cl eani ng

requir e(rjenga?n mn%tldgc}u%%erlly gtrc]:hécg X\ff-ho%zg (r)xgtA' s]p%ciﬂcally described, it should be

understood that deposition uniformity is similar to etch uniformity in that it is also an
important determinant of uniform device performance and device yield.

20

In addition, in many applications these stringent processing requirements may be

contradictory at different stages during the substrate processing. Often this is due to the
presence of multiple layers that must be processed with dramatically different processing
requirements. For example, etch recipes including power, temperature, pressure, gas

25  chemistry, and gas flow may be required to dramatically change while processing a
single substrate to achieve the desired processing performance. Furthermore, because of
the nature of the processes, material may accumulate on surrounding surfaces, i.e.,

chamber walls, and as a result the process may drift.

30 In addition to processing uniformity, there also exist other issues of concern to
the semiconductor industry. Among the important issues to manufacturers is the cost of
ownership of the processing tool, which includes, for example, the cost of acquiring and
maintaining the system, the frequency of chamber cleaning required to maintain an
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PCT/ USO1/ 18623 acceptabl e | evel of processing performance, the |ongevity of
the system conponents, and the |ike. Thus a desirable process is often one
t hat striwesododgsri ght bal ance between the different costpcaivwiggashi p and
process paraneters in such a way that results in a higher quality process

at a lower c . Further,.as the featur n C mal ler 5
and t heafﬁeBt?Eéée‘ﬁgem eweﬁgﬁﬂﬁﬁehﬁe f°§‘5§v.1?§ %ﬁ%? Pgsi&fé?%@?glgep%g?}%nm ons,
hi gher yaspRCtrntah h@s@yabfea@]@@éss {JURU@RP tat stakes thb eight kaincefeboashengi neer s

are constantly searchin or new net hods and apparat uses_to achj eve hi gher

qual i ty diffesens sestrag-omarstahipsangk proesse Para@eisrssn sueh 4 Waythairesplts fied Rghdgoi ng,

there are desired inproved hni f i i ssing at
the. sur ALY BrocEhat SIDLFrare T brbs DS ArimE SRt ABsrdlp bl BIEe

PCT/ YS0}4d 8 230 cEhebdcbines s dredratigs(e.gl, Bmatler @itivabidinensions, ighe omponent
delivery nmechanism 5 for distributing a conponent inside r ocess
chanber asperiratiomrstes tropghnpd.cmd e b dBAcesHeR@RIeTHIE ngwtﬁﬁ %%artc @8pr ocess
chanber .. The t ' i ' : ' f
compone Bt B o K B e R e e o of the
process cgfl@nber. The conponent delivery nechani smfurther includes a
spatial distribution switch coupled to the plurality of conmponent outputs.
The spatial 10 distribution switch is arranged for directing the conponent
to gp |east %Pﬁeezfofmk@fo?ég&ﬁﬁg, igiere a1RfeGRIARAPEIVed Bs8hRIuSs fof Peodueirigonent
delivery mechanism al so 1'hcludes a single "conponent source coupled to the
spati al udifem prooessing as thiet subfacerofshe pubgirateconponent  source is arranged for
suppl ying the conponent to the spatial distribution switch. 15 The
invention relates, in another enbodinent, to a nethod for processing a work
piece wth a conmponent of a process recipe. The nmethod includes providing a
process chanber within which the work piece is processed, and which
includes at least a first processing zone and a second processing zone.
Each zone represents a portion of the work piece to be processed. The

met hod further includes outputting the conponent into 20 the first

processi ng zone of the process chanber. The nethod additionally includes




switching fromthe first processing zone to the second processing zone. The
nmet hod al so includes outputting the conponent into the second processing
zone of tWe® @/ee®ss chanber. 25 The invention rel ates, i rpEnEase23

enbodi ment, to a spatially controlled plasma reactor for processing a
substrate. The reactor includes a process chanber within which a plasma is
both ignited and sustai ned for the processing. The reactor further includes

a power delivery nechani smgm%:ﬁtﬁgm&ﬁ@gmr source and an el ectrode

coupled to the power sourcé rough a power distribution switch. The
singl e power source is for 30 generating energy sufficiently strong to

sacona coi 1 - hegprfatroly Fone kipafyBib ot SonblitdBR Ry bbis, | 51 @

i nsi ge g ididishutRgWoniaib@ingde 4 focek ohasiserc Taskempamdat isheedtcond coil is
arranged to produce an electric fiel i[}%i de a second power.  region of the
pr oces s Pighessisevork picopywitipn dwprerce o /g sompppent delyrsy giech ower

di Stri byl a0, £ Wl-Alty of APARAESHRL sdllohfllAnt BomBORLOY Pleshbe  pOver

source ween nner I coi The reactor additionally includes
a gas figidnwitle procéschambéaVhagnpomengleliverysnerhanism, fughdriingdudegas i nj ecti on

ort, a second gas injection port and s distribution itch. 5 Th
g i ngl e &pabiakdpF Etl‘i’%s‘%"%‘?h ‘Ej’élﬁlﬁaé? p}q@'ﬂgaﬁyg@gg@p% t ORHRISH T %Msﬂﬁggld in p:rt to
formth iggﬂ){uaé st PraREQCHS dird dhfe DI RLENt td RElchitlonb 088S plithBigt | on port

i's coup 0 the gas solrce through the gas distribution switch, and is
ar r angedf ¢omposkrtaniputhdheroompeseny delivieny mechanisn slso gnedndee gistigleof t he process

chanber. The second gas. i,njection.po i.S_al C l.e to gas source
t hr oughc?lﬁ%orﬁagsoﬁf%et%“ﬂl?@%ﬁeﬂﬂa& I,S&Q’H op §W§[&l"aﬂ§£ﬂn§% C%‘Pélgeg% the 10

Pr 0CesSs s QA ik RhnSedSBE A1 EAS the @BinBAndt td e sPpAthe eRGitekisnbeitch. Fur t her nore,
the gas distribution switch is arranged for directing the process gas of

the gas source between the inner and outer gas injection ports. The
T I e e
gg%gﬂgg{ec% gl%t}l\légzﬁslpbﬁeﬂr(ﬁ'@meﬁs f6EipK Phemethot tiidladds peoyiding egsoabanber . The
chamber within which the work piece is processed, and which includes at least a first
processing zone and a second processing zone. Each zone represents a portion of the
work piece to be processed. The method further includes outputting the component into
20 the first processing zone of the process chamber. The method additionally includes
switching from the first processing zone to the second processing zone. The method also
includes outputting the component into the second processing zone of the process

chamber.

25 The invention relates, in another embodiment, to a spatially controlled plasma
reactor for processing a substrate. The reactor includes a process chamber within which
a plasma is both ignited and sustained for the processing. The reactor further includes a
power delivery mechanism having a single power source and an electrode coupled to the
power source through a power distribution switch. The single power source is for

30  generating energy sufficiently strong to ignite and sustain the plasma. The electrode
includes a first coil and a second coil. The first coil is arranged to produce an electric
field inside a first power region of the process chamber and the second coil is arranged to
produce an electric field inside a second power region of the process chamber.
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mechani sm i ncl udes a single conponent source for supplying the conponent.
The conponent delivery nmechanism further includes a spatial distribution
swi t ch hawiong/oa41sconponent i nput for receiving the conponedir/fSvonsdzbe

si ngl e conmponent source, and a 20 plurality of conponent outputs for

di stri bptimambhe tkgim&b?%&habuﬁbﬁ swRal istrradlb&d fok aﬁéétﬁltrg th&¥hdrgof thear r anged to
direct the received conponent between one or hore of the plurality of
conpon emwwppme@etvmlmlze/ ipgarmd ppics poibse sH Tﬁ%qt@rﬁdéfuoﬂlh]é)’ pychiffen g g2s

PCT/ US01/,18623 5 The esent y xampl e,

and not Jg{° %Vea? Vﬂ%ﬁ?ﬂﬂgleg S%%‘éc a%lrét ayﬁ@éct?ﬁt?ggggc%gn%g%@%ﬁg dr awi ngs
and in Mﬁgcﬁbnbbﬁ%ﬂgfggggﬁ%uummmi S refer to simlar el errents and in
which: Fig. 1 is a plasnma reactor, in accordance vvlth one odi nent of the
pr es&nt Tha gngle\gap sousee lsiplg&ene@hn&alaﬂl&ﬁ@ gisanhishes wed @Bﬁé’éﬁq Fmdh&st ri buti on
switch, _in accordan e r ion. 15

Fi gs. Zéaﬁrga 8‘%8‘3’ é &?%5\%3 S'El Pmn%&veﬁgggrg{dggg q}(l:]te ?[gon algr a giwtﬂﬁgagt he

oper at i dur& throughwhd €43 cﬁﬁnmtfdnrswiucﬁ,rarﬂﬁs tmrmged rtanrameﬂréqm@smgashnmwe

enbodi nent of the present invention. Fig a flowdi am of the

oper at i @)iﬁés'fﬂé%ﬁ&%t@dhwfpﬁeséCW@eéhTBF S?%”édZOS ’@&ﬁ?ﬁ%@ 509319 %ﬂp%dnec hani sm
of Fig. nventi on.

Fig. 4 Jfogthg%?saﬁq tﬂﬁﬁéﬁ}lﬁ% aﬁg%g@o %???%teﬁglﬁggem{é@e%g{&?%%atggordance W th
one 10 enprodesseas imd atst@ndigesmgioni afviengroorss cﬁﬁanerg Fuﬂhq:rmoae dh?a@sam of a power

del i ver chani sm, i n _acc ance W th one ment of ent

i nvent i éﬁmﬁp fign S%“t?}élsa?na}l% fgﬁﬁi%‘?"tlﬁg Pc?féEF%/ © ﬁ%gcsrﬁ’g}:ﬁe fFer‘]le[g%cor dance
with ong, .38 &Esh Ectféh poR§ Present invention. Fig. 7 is a di agram of a
gas delivery mec n| in accor dance with one

The invention relates, in another embodiment, to a component delivery
15  mechanism for distributing a component inside a progess chamber. The component is
used to process a work piece within the process chamber. The component delivery
mechanism includes a single component source for supplying the component. The
component delivery mechanism further includes a spatial distribution switch having a
component input for receiving the component from the single component source, and a
20  plurality of component outputs for distributing the component. The spatial distribution
switch is arranged to direct the received component between one or more of the plurality

of component outputs.



enbodi nent of the present invention. -6 WO 02/ 03415 PCT/US01/ 18623 Fig. 8
is a diagramof a gas distribution plate that nay be used in the gas
delivery wgpghapmissm of Fig. 7, in accordance with one enbgdimgde/1s>3t he
present invention. WO 02/ 03415 Detail ed Description of the Invention

PCT/ USO01/ 18623 The invention pertains to an inproved nethod and apparat us
for uniformy 5 processing a substrate. The present invention achieves
process uniformty by enhBpief Descrigtibnosfrihe Dirawines t he di stri bution of
conponents used to formreactants, which process a substrate inside a
process chanber. These conponents are generally part of a process recipe
and may include power, gas flow, tenperature and the |like. The invention is
particularly useful in plasma processing systens where both ions and
neutsals (e. g‘hgapﬂe@errtémmlﬁmiss)illash@tasﬂsladwuooi}r;nt@w@sa@dwmww@f One aspect

of the j.nventian _relates atiall. separ at i.n i on of a
corrponeh"fmiaﬁf”@r %eté%r%s cgirji%’ ‘i‘(ﬁ é%fi %Pél?% ml&nllgﬁ':’lhc’?lalggeg%%%%g é chanbe
Anot her ;29060 reRf td Bﬁulaf‘é’l@ﬂ%m@@ndﬁiﬁhﬁﬁ to switching (or spatially

nodul ating) the distribution of the conponent, which is supplied froma

single source, between each of the independent zones. Another aspect of
the invention.rel.ate nt and/ or
t i

t he conponen?l%gﬁi??’faa {éacg)\é’?%gér&dgelggh eﬁﬁe{%ggﬁ{l?rglla? es. Yet anot her
aspegt @fvehhign.i nvention relates to varying the time that the conponent
spends at each of the independent zones. The invention, relates in one
enbodi nent, to a conponent delivery nmechanism 20 for distributing a
conponent i nside 0 %Qg I H‘ GABH 1A 28RRG4RE Wih @ Wi de
variety of c?ﬁﬁ%o?ﬁ‘g ?aﬁﬁéﬁ% grzstf%o{%etm%1 ]?aovsv terrpgr ature and the |ike.
As  shoghé efBodippnest thé pdsent htventiomponent s may be used to formreactants,
whi ch process the substrate, or they may be used to control processing
condi tions, which enhance the process. In one inplenentation, the
compenent - delp 5y i BEBARIMEY ifnoH/er @I QRttoR B AinkNR S5RMTYn 6if
reactants forimed In vario 15) egions of the process chanber.

a switch as a function of time, in accordance with one embodiment of the present

invention.

Fig. 3 is a flow diagram of the operations associated with a switch of the
20  component delivery mechanism of Fig. 2, in accordance with one embodiment of the

present invention.

Fig. 4 is a table illustrating a partial recipe set-up, in accordance with one
embodiment of the present invention.

25

Fig. 5 is a diagram of a power delivery mechanism, in accordance with one

embodiment of the present invention.

Fig. 6 is a diagram of a power delivery mechanism, in accordance with one

30 embodiment of the present invention.

Fig. 7 is a diagram of a gas delivery mechanism, in accordance with one

embodiment of the present invention.



Accordingly, process uniformty can be achieved as a result of changing the
anount of reactants inside the process chanber. The conponent delivery
mechani snrw@en@salsl y i ncl udes a plurality of 30 i ndependentPCaovpongis

out puts, a single conmponent source, a spatial distribution switch, and a
controller. The independent conponent outputs are configured for outputting
the conponent into a desired region of a process chanber. For exanple, the
i ndependent Fig fpoadiserasuefrugas dstbeianelels tiat g1y &g usest inghe gag ¢sHYE he
conponent éo-%ﬁ LNner. rg% %h . f Hﬁ%‘/ regi on of

t he pro@gf an §BE f%ﬂg%g 5% 5¥§%8§%%§é%§g e } épﬁﬁﬁéﬁngn %Uter regi ons
may correspond to the center and edge of a substrate, respectively. The
single conponent source is arranged for supplying the conmponent to the

i ndependent conponent outputs. By single conponent source it is neant,

that the conponent source 5 has a single output for outputting the
conponent. The conponent itself may not be singular and may consist of a
variety of constituents. For exanple, in the case of a gas delivery
mechani sm the conponent nmay consist of a plurality of gases that are

prem xed and outputted by a single gas supply source. The spati al
distribution switch is disposed between the single source and i ndependent
conponent outputs, and is adapted to have 10 nultiple positions for
directing the conponent to one of the plurality of independent conponent
outputs. For exanple, a first position of the switch may direct the
conponent to a first conponent output and a second position of the switch
may direct the conmponent to a second conponent output. 15 Furthernore, the
controller is in comunication with both the spatial switch and the single
conponent source. One aspect of the controller is configured for
selectively noving the spatial switch to each of its nmultiple positions.
By selectively, it is neant that the controller is arranged to nove the
switch at certain times in the process, and to hold the switch at one of

t he i ndependent conponent outputs for a predeterm ned duration. 20 For
exanple, in the case of gas flow, the gas flow nay be allowed to flowto a
first output at tinme, T1l, and a second output at tine, T2, and/or to flow
for an extended or shortened anount of tinme to a first output as conpared
to a second out put. Another



aspect of the controller is configured for changi ng the magnitude of the
conponent, the constituents of the conponent and the ratio of the

const it uewmosn20B41she conmponent. For 25 exanple, in the caseafuwassd2sow, the
flowrate of the rel eased gas, as well as the flow ratios of the gas and
constituents of the total flow, can be adjusted between each of the
controlled switches. In accordance with one aspect of the present

i nvention, process unifoDeidilediDescidptienmdtheduvéntiopar yi ng t he direction of

t he conponent and/or one or nore of the parameters nentioned above to
i ncrease/ reduce the amount of reactants or flux near the edge of a

substrate relgkinention béteaisLMlAlin ?fovwﬁleﬂmsghaappmdmelfmmomgw ng. In
accordance wth anot her aspect o resent 1nvention Pprocess

uni f 6r mpucgcesfsngmhézstr@td Bye msew frgyentip PITRAESS PETPIISHN Y eERncing

directi of t t an or.__on nti oned
Sbove. t dhe bl s AR ERhGALE, Rt hodlh ol eb MR AR RlcBa P | PTE
substr atsﬁbmkeﬂhsl&@a bfockiichafbge Thbsel dogpdridiss matgend:uﬁy part pf aspmgeisng. These

enbodi ments wi || be described in greater det Jﬂ%glf |.n aone
enbodi meatipe andgpasivglude pewssieag ey siemneiaiae andhibe Be @ﬁ%&’q%ls del i very

system h; }cﬂ%rdlglugéfdfﬂllﬂlﬁ%%é;éﬁog& g@g&émﬁﬁher\é%m ?g&ﬁﬁd‘héﬁﬁ%l It gdi scl osed.

The spatia IVery ‘sys I's a nged to provide swtche unlformty
cont ol .reddian@s) Ay wkd t(ﬁprpbmmubstmte; r@at asgeddpf thepuventiog relafes tegpetialfjas i nto a

process chanber, and_then roduc an 10 electric field that ccel erates
t he smalseP#gigdhe gistriulien p ﬁgmﬁP hintq mafte i“lmrﬁlem Wﬁ%"ﬁ Z0RH %t hemto

col l'i de 299@[)5 s {afn ?%\I{Me‘?% ne%g?iocfle IREniIERES t@@&ﬁcﬂiﬂ@%& spetidilysi ons resul t

in ioni I on an Initiati di scharge or pl asma. is well known in
the art md)dlﬂﬂtmg)aﬂnbtdwtnlgamnmflﬂmwrm@n@mt whish py swelied fam wmegiefo@mp@ct ed to
c.fiel ose el

t hese stron C trons ave o) d positively
char ged 9¢ Peﬂ&%{#‘%g’tﬁl@eﬂ BE%@F%@IVE‘@H%’S%CP@%" ’inéfﬁ%“’nnr&gag SFvel y charged
el ecfsr O%an‘ilgith@ HohAhdOFhBhiBF oAbl @ RO oest donsiitents betweph ocess
chamber rrespondi ngly, the |ﬁons are made nt?ﬁo accel erate towards the

subst r atesch offbe epatinbgonep.rY & erpihamaspesi ofibernyration selaigp iy xing thsddng t he
substr alifiat tlllencotn;]p%ngrllttsgglpc%ta't ¥&ch of the independent zones.

The invention, relates in one embodiment, to a component delivery mechanism
20  for distributing a component inside a process chamber. The system can be applied to a
wide variety of components including power, gas flow, temperature and the like. As
should be appreciated, the components may be used to form reactants, which process the
substrate, or they may be used to control processing conditions, which enhance the
process. In one implementation, the component delivery mechanism is arranged to
25  change the amount of reactants formed in various regions of the process chamber.
Accordingly, process uniformity can be achieved as a result of changing the amount of

reactants inside the process chamber.

The component delivery mechanism generally includes a plurality of
30  independent component outputs, a single component source, a spatial distribution switch,
and a controller. The independent component outputs are configured for outpuiting the
component into a desired region of a process chamber. For example, the independent
component outputs could be configured for outputting the component to the inner and
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negative ions, nmade by el ectron attachnent, can al so be used to process the
substrate. By way of exanple, processing may include etching, deposition
and the | Woe2/0305A wel | known problemin substrate procesRQTUVYLSRHE | S
that spatially uniform processing is difficult to achieve, e.g., due to

the r ea%hfé?%eg%ﬁ'%ﬁ%}ﬁ&g@&%%ﬂeﬁ NG %g?lﬁ?ggb?re.bﬁteﬁgﬁli.&ﬁh&%@But@f‘d (across

t he substrat _punp openi ng; o the adsorption/desorption of
r eact antrsgiemsdngy aatespendototine ¢dméer ahdiadgerofsusubsivs resplactorelaf Tleectingl@5 t he
substrate edges nore so than.the center. The s ;Elt'al. eliyery systemherein
di scl os SHPIEILLOWES ‘ﬁﬁ&ia?%eﬁ]fﬂéwpfm _ HPWO?@E_-%%G% eﬁ?‘é‘?@tct s by

spati al logy fﬁ&s b lé'fsh%? gmgﬁﬁggeﬂa@ bdur@S iWnb 4t NthbBe BEAFGES SddeEDer .

Convention tec ogy I'n approaches ~ such as multiple power and gas
i nj e6t i dwas zsingls ouTiug fo adymitigmstha semporient. Jlhe compooe its¢lfmagmatr s and gas

del i very. syste whi ch are quite_.cost]y. e net hod. herein 30 discl osed
uses thé%i{ﬁ'bl“g{s ﬁ‘b‘lfl%]of &V ‘F%Ogﬁwglélél}tlsﬁ]ﬂx eéﬁ‘ﬁ‘?%y?%? ﬁf&ser?gflﬁaf)l exing to
creat e dbfRys lebRmisthé BordpShchflay Sorf¥lit bf PhRrdIREESf gRBEthat frephenike@ct or .
-10 WO 02/ 03415 PCT/ US01/ 18623 The spatial delivery systemis arranged to

spat i al lagd geipuitet &y 2 sioglo@as seplosous: Bhe snatisl disibrben switeh igidisppsedt he
chanber or the.ions, spati.al,_separation c e G ' using a
power d%’F&?&? %be %ﬁ‘?u‘é{ﬁ alpd??reg%l% 8%m%?‘}168€c2%t?ﬁs’c§’?ii 15?@4}3 I‘teﬁd}g%ﬁll pl e

| ndepengiaitiplp pueHioORE dirvdtingithe ddnepdaEae ste shiehauralitydf dnizpendendi ment, the
5 power delivery nmechani smincludes a si aﬁgl e power source, a first coil, a
second E€BMpPoneahautDELs APl A 5T PPHHOL OF the AWIteh may st the SORRIRTES on

switch i t ' ' : : L.agl e
over 5o Bt BARAhePbwBE| i tEonk nehioflr bR AAAURNKL e cofoiiatl
pr oduct it®n sebnd ooapasnt betpaont rol | ed at desired regi ons of the process
chanber by swi tching between the two coils. In one enbodinent, the two

coils relate to 10 the inner and outer regions of the process chanber, and

nor gspart i CU!FgﬁhéhﬂOSJe,ttﬂ@ccﬁﬁﬂaﬁlef is iRO S8R Wit H%g?@%;ﬁhﬁai SyiklGhti on,

paranmeters su as the magnitude and the duration e sw tched power
can be 4§ simgledorhporfent sdwece. éPieeaspeat héthercoulueliar ancanfigumadsfor selechigelywo

[:]?g;? 2? mo%?r{]gechg |s1|)a¥i’a1 SRitdh o eablPofits rinl%lti%ﬁ%oisﬁ%ng.%yase%c}/igaygllt' ?‘Sn{%’lieatll¥ ﬂ% gas,

the controller is arranged to move the switch at certain times in the process, and to hold
the switch at one of the independent component outputs for a predetermined duration.

20  For example, in the case of gas flow, the gas flow may be allowed to flow to a first
output at time, T;, and a second output at time, T,, and/or to flow for an extended or
shortened amount of time to a first output as compared to a second output. Another
aspect of the controller is configured for changing the magnitude of the component, the
constituents of the component and the ratio of the constituents of the component. For

25  example, in the case of gas flow, the flow rate of the released gas, as well as the flow

ratios of the gas and constituents of the total flow, can be adjusted between each of the

controlled switches.

In accordance with one aspect of the present invention, process uniformity is
30 enhanced by varying the direction of the component and/or one or more of the
parameters mentioned above to increase/reduce the amount of reactants or flux near the
edge of a substrate relative to the center of the substrate during processing. In accordance
with another aspect of the present invention, process uniformity is enhanced by varying
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ionization results. Al so, when a given quantity of power is applied to a
given quantity of 15 gas for an extended period of tinme, greater

ioni zati owogeresial |y results. For the neutrals, spatial sagavedoioss2san be
acconpl i shed by using a gas delivery nechanismthat injects a process gas
in ol t iRl @retisles@ng edipaidht it/ 6Gine 0F nibeeSthe baraateeers sishidaliedmbbve tohe gas
delivery nmechani smincludes a single ggs source, a first_gas 20 injection

port or Ifcieagg/reduce the apuniof TaackaisHiraT BISSCRIAT elthp sebsiatereBiveldBhd set of
ts. and PPN ) onport "o . .
P ange st udRbePh R loR il Thihe cRICARARCITH b fUklibf SR 12 o,

the firgéaidpeiosiecond gas injection ports. In this mnner, the anount of
neutrals can be controlled in desired regions of the process chanber by
swit&hing between the two ports alternately in tine (time nultiplexing). In
25 one enbodh{@{g' ! embdimb 2 ploRbRie syQeinBat iNORA fMIRliv&9Ti ons of
the process cha ntla]%' anlgpﬁg%éﬁlpgroti cu'%aStfylg toathe ce(aS(r31lartE§F%1 and 1;5?(3 of a
subst r asgtenShatih@a blurblitytoli eorapaneet dgiarmymedhasispschdiagosdde Thegpattalde (e. g.,

flow rate) and the, duratjon of .the swtch capn be varjed to further affect
the anpfFveBf sygiea }Srf‘nfaﬁge‘{ fRepreids %‘&t%ﬁg .‘m"}%%%g'a‘fqnﬁo ¥ osieh A PASEEnt of
neutral &hcg@a??(g@ {xlgﬂﬂﬁﬁ L.ﬁ)é&%?‘:@s ERhBRSHrYOES Endnhier, dnliaMéd Frbeudie Aicr eased

and/or t ex ed for a certain anount of tine (tinme slice).
Fur tiber eieeteic fietd thhieaccelsmtesfthe smallysanberiof elgasonsraient inyide dlke dembeti f i ed

bet ween each, of .t he..spati zones or ti slices ta~further. t he
process Fﬂlﬁm@gh‘iﬁ‘ {9 Bﬁgagl‘f’ét:h%ﬁ as Slfffﬁeﬁfi %% BETFEERT/ RS §&Zl§18rﬁ}{3{e§],ﬂt a

pr 0cess B fiza0nSit inftthtioh of @ dBdifrds @flashih. Aass Well RubWn hethehanged to a gas
consisting of 1/3 gas A, 1/3 gas and 1/3 gas C or their respective ratios

coul d baeutxghgasgualecdlenotjhs peasass g8s Whgn sabicnterl igdBess sigug dearigdields. As shoul d
be appreciated by I - ] : I f : 1 i pr oduce
di 1 or eht BrERuBt i RAT ptbd plinef; dlelions. Ao BERD poBRYShGER 00T

f ur tiher idnsafegaibwd gl elerrgabeedtions and nantral gmanaelatides are thgaiped issls the hanber

Enbodi nents of the invention are di scusseq below with reference to Figs.
1-8.  HBWESsSChamhels Qogrﬁgqngﬁlgfynﬁ{eﬁgns%r? ¢ fo ?"é\éf@ﬁt?/to Seté? SHosetRat the

det ai | e@h@ﬁ%ﬁ{}{; R b&ﬁblﬁgtl&lh\)(/ﬁﬁ' nERFaE Libeits bib b &SIRE Glbstiftel BB afdriitiRs 15 for

expl anatory purposes as the Invention
negative ions, made by electron attachment, can also be used to process the substrate.

By way of example, processing may include etching, deposition and the like.

20

A well known problem in substrate processing systems is that spatially uniform

processing is difficult to achieve, e.g., due to the reactant depletion between the reactant
injection point and (across the substrate to) the pump opening; or due to the
adsorption/desorption of reactants and products onto the chamber surfaces, which affect

25  the substrate edges more so than the center. The spatial delivery system herein disclosed
seeks to modify these inherently non-uniform effects by spatially altering the process
conditions within the process chamber. Conventional technology includes approaches
such as multiple power and gas injection zones. These designs use multiple sources
(generators and gas delivery systems) which are quite costly. The method herein

30  disclosed uses the simple method of single sources, but employs time multiplexing to

create time slices, which are fed to multiple feed zones in the reactor.
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extends beyond these |limted enbodinents. Fig. 1 is a schematic diagram of
a plasma reactor 10, in accordance with one enbodi nent of the present

i nventi onwoRhasi@ reactor 10 includes a process chanber 13ctaushp1gsti on of
which is defined by chanmber walls 14, and within which a plasm 16 is both
ignited and st al |

rapresent o t RS RO Br el B SPRGE S S UathlIpk et 1R SBRICEN |,

exanpl ejond afi¢ Abweshrithrths dhsibeat Bortthe toas, sphitdl aepanationtdaribai se processed or
a gl ass panel to be processed jnto a flat panel

, display. .ln th
i |1 ust r aecompdighesth s a pogcrsichray gse i haf ?fqdéllc?i‘f%“g%%‘ac ﬁ%ﬁit}g

subst ant iuﬁgé% %r.?dg}’%‘le%} e %r_lé’s ﬁiﬁﬁgﬁl%ar%gs tihsehanbes exBbdisedt, ehédr r anged

to be st rtica d be understood, however, that the
pr esgnt powyedlivery mechanisml inctidesch singl¢ pewatrouseamfirst voibia spearidsgdl, and

sd. 28 PProUSTbgl oA L4s PYHE GOHOIGH SiEs 1 Sriel CHIBRAC W o Lhe
! rouueed 1t « d 1
process Fﬁ%&{;{%ﬁﬁ% %lfeé%ﬁgfjtthﬁ gﬁ@%@g%e%blﬁceo@éiﬁé&?ﬂhe 205t W b&dnHl S0l i gur ed for

support strate 18 during processing. The pedestal 20
gener al khis inanhergihs peodmotioroof iehewinrbedeni2zglled # desrpdaegiprpeiXhe PE§Essa chuck 26.

| di ment , the bott | ect 22 is bi : |
28 V18 SRR RBRER S8 BT CRES 15 a8 cuRpRriRodhe Wo.gls RnRHEL TP
SUPRLY HREnRG nABuRE ﬁgéi&gdﬁth%?prm’ésbpm&n%gynorb PaniRalarlgas es, ceive

el ectrode/ power supply arrangenent is configured for generating.an electric
field tbadedgs ofaustibstrite ninl addikiondrgemeeis sugh & Ep aregyituderasddhe ¢Hatiehuck 26,

t he edge.,fing. and the t é@g@ o ergy
gener at 83{}ﬁf%f%gédo%?‘7%rﬁa%P%%@?%%de%z@ﬂ?lr%yefgﬁw%r%f ﬁ 41 b %%%6@?18623 be
ar r angegedighst Geerallghaahbrepolveaigeppliat toergivénhpiastityf af@es, gfredtére substrate 18
and the plasma 16, that is used to accgé\nt)arate the iions jn the plasnma 16

t ovar ds ieheationetuitat AlspgWhery givpR ARBIE OLPIHD iHHP i5d st SYERGHEMH Ok hown and
desqgti b%gs a5 aﬁgkféﬂde;tﬂ]&%?ioﬂ%fﬁﬂle{) %@atgﬁgn%&@ﬂ %éiéfmﬂy)fesdlﬂ's' shoul d be under st ood

t hat ot Rer conf’i gur at1 ons nmay used to 5 accomodate di fferent process
chanbers or to conformto other external factors necessary to allowthe

coupling.o : ' ' .
P g.of %‘rc])? ’Eh%%leut';glg, s%ét?a sépea’rat{og csag € agéorr]rﬂ)llﬁhgcf beyqtlljs%]gcx gas delivery

mechanism that injects a process gas in multiple independent gas injection zones. In one

embodiment, the gas delivery mechanism includes a single gas source, a first gas
20  injection port or first set of ports, a second gas injection port or second set of ports, and a
gas distribution switch. The gas distribution switch is arranged for selectively directing
the gas flow of the gas source between the first and second gas injection ports. In this
manner, the amount of neutrals can be controlled in desired regions of the process
chamber by switching between the two ports alternately in time (time multiplexing). In
25  one embodiment, the two ports relate to the inner and outer regions of the process

chamber, and more particularly to the center and edge of a substrate.

Similarly to the above, parameters such as the magnitude (e.g., flow rate) and the
duration of the switch can be varied to further affect the amount of gas in the two
30  regions. Generally, a greater amount of neutrals can be found in the regions where the
flow rate is increased and/or the flow is extended for a certain amount of time (time
slice). Furthermore, in the case of the gas, the gas chemistry can be modified between
each of the spatial zones or time slices to further effect the processing conditions. For

-11 -



pl asma reactors the pedestal nmay be coupled to ground. Wth regards to the
edge ring 24, the edge ring 24 is arranged to inprove the 10 electrical and
mechani cavgomapenst i es of processi ng near the substrate's adgeysoassezel | as
to shield the bottom el ectrode 22 and the chuck 26 fromthe reactants
(i.e., | ohia i ,oab PEarAdY8ad B REuldbeichaicdandeds t o surround
t he edg'ggég?pl'?he é%g??%%otnééﬁggﬁ% g|a§pxdi sg/gged above the otto%del ectrode 22
and ar ovemsisting of A{3cgas 26.1/3 gas Browt 1/3 pee € orthair rseppstive regiosgonld beonfi gured to

be a consumable part that is, replaced, after, 1 i . edge
ring 24° 38&0 ?E?WESIFEWI}‘ §ﬁﬁp‘ltxaﬁ5‘ﬁé g‘?sé?e‘é‘f ?tlmgﬁ(?rg @pﬁgﬁlﬁg%x ﬂBagg silicon,
si | i conggileX ifihe afti differt Scitisteles protthéecdiffeeal fockesinguesultz. TRatds,tha form of
Si®2), ceramc (e.g., Al203) and the |ike. Wth regards to the chuck 26,

t he &huekemistry §a1tb®%13@8€4 9 fureripgpreaseiigrraedheactivg scactantiyigithe HioePsEct r ode 22
and is gﬁ@ﬁlr%gl |y configured for receiving the backside of the substrate 18
when t he Strate 18 is placed on the pedestal 20 for processing. In the
illustrated enbodi nent, the chuck 26 represents an ESC (el ectrostatic)
chuck, which I d ! ' r.f &

el ectrostati ¢ n@%@%{%&ﬁ%mswﬁ%@% g&@#@%&ﬁ%ﬁi\?@t&g@ﬁéﬁéﬁ? %S' ?%86 hani cal
type chekyevay tia)ss skitled instkelart kwill saadily epirecihieshdishe detdedhiebériptionool i ng gas
may al so, be delivered to the ck sjde of _.the substrate _and/or.the back

| b
si dd0 of Sivea hereieWith fgppedt th icpe HgHes 1110k FRlanaIAEL PUPQses &S e PR WOTpst rat e and
edge ri BgtenMéyﬁﬂdﬁfe%‘gﬁﬁwanf’&ﬁﬁ‘%% ensuring uniform and repeatabl e
ts. t

processing res itronally e pedestal 20 is arranged to be
substantially cylindrical in shape 30 and axially aligned with the process

chanmber such_t hat, th racess chapber and the._ pedestal are .cylindrically
symetri c. Hg\lfgeaéﬁf‘s&leﬁ?ﬁf)g}a&“ﬁéoﬂ%? ﬁm'[lﬁ?ng{f r‘.p iagccﬁgffncﬁ“_'lﬁ{ ‘tation and
that thenReaRsdnabs Rk RERERMvABYn. Tk AR50 (chiBed Hfros 88 Ghfinberd@shgn of
each plasma processing system The pedestal may al so be configured to nove

bet ween partiond Whigpis d8hus Chauben waks DB and withingskich a@hrsmeol6 i§ Bethn) f or

| di . and i h t it h
fondi Y s e SRR P Prop e Uithe 18 B BRE Ppr s hORONOS SN0V
nove t hpiestSbé ploBest&l, WHdh Baf tepdsepfor ek anipltor sehbeslidngion sitsadierigbto a

second osition for processing the substrate 18, These typﬁ. of transport
syst ems e&h@d oeothengrgsgyocessed or a glass panel to be processed into a flat panel display.

In the illustrated embodiment, the process chamber 12 is arranged to be substantially

20  cylindrical in shape, and the chamber walls are arranged to be substantially vertical. It
should be understood, however, that the present invention is not limited to the above and
that various configurations of the process chamber, including the chamber walls, may be

used.

25 In most embodiments, the substrate 18 is introduced into the process chamber 12
and disposed on a pedestal 20, which is configured for supporting and holding the
substrate 18 during processing. The pedestal 20 generally includes a bottom electrode 22,
an edge ring 24, and a chuck 26. In one embodiment, the bottom electrode 22 is biased
by an RF power supply 28 via a matching network 29. The RF power supply 28 is

30 configured to supply the bottom electrode 22 with RF energy. In most cases, the
electrode/power supply arrangement is configured for generating an electric field that is
sufficiently strong to couple energy through the chuck 26, the edge ring 24, and the
substrate 18. By way of example, the energy generated by the bottom electrode 22 may
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5inthe art and for the sake of brevity will not be discussed in greater
detail. Moreover, an exhaust port 30 is disposed between the chanber walls
14 and t hwo qeedest al 20. The exhaust port 30 is confi gureddrorsoensmasist i ng
gases formed during processing, and is generally coupled to a

t ur bono I I i ss chanber
12, ' e eefigR Pt feall R, HeBERRTHS ol b bl B e i
t he appplpmisdisethar 8sSed © dotelérd® thénp iothe plasaladiiiewarti? the fubstrated 8or e,

al t hough the exhaust port is shaown di smd etvve%n. t he chgnb rRﬁpl s and
the pedddtthermaraalthenghdhe glegEededs shaym eé‘)éﬂ%&@? FSCOHRly \'}Oaﬁ‘f'/ ccor di ng
to the L1 | @gﬁgﬁ&'- r exanple, the
exhaust i ?158’%%%&)8%ggﬁigakg&ng%gtgogkeﬁggﬁgﬁ% I egagsr%%?isgrﬁ%%ﬁgui It into the
wal | s ofacédrempdne éiferanb prdoess.chinbars de tqeonf@sstoctizartssterii fackord nor e
particularly outsjde a di electtfic Wi I%dow 32, .there is c}_ifs osed a power
del i ver yrepgsearin aliqvathercgrpineghsngigyi AGT RS 18 5Tpe singls: ‘iﬂ%e%ctyrong to
ignite i AR gf&ﬁﬁ process chanber 12. The power
.20 del %\%@%%%%gﬁ%ﬁdgﬁﬁ%tt;ljf%ec;gp?klg?ngl edRF power supply 36, an

i nductive electrode 38, and a power distribution switch 40. The RF power

supply 36 is fi d.for, su i t he inducti 38 wth RF
aneray via o b EieRE e R R BReode ki g o HERRAT:

confib gUieRBtricar arfdl RehEhiasl [R0p @l @Cofiprécebdiy fedr s slBstid1e s s @s wetihanber 12.

I n accordance with one enbodi nent, the inductive electraode 38 is broken up

into a 2bickd the hpitew elsrtrpdaRd andh the chird 20dEm tha rgaciands (I5etiOBoj |s. In the

illustrat e i t i i ; o i oke8f}e UP i Nto an

i nner C%P%%ﬁﬁﬁg) %ﬁd r%%hglﬁttg?ee%{}yé%lﬁg%#e& ﬁ%g@?oglgiqié%cgg I's arranged to

pr oduce sabstteeld dndds Hispbsddiabsvedie dottdrn picirpdazesas] aromel the chiick 26hé&n pr ocess

chanber 12, while the outer coi]l] 38B is arrﬁgg ? to ro.du%ﬁ ara | ectric
% ace

field st ewsenihowizering2ddesyiiigyrrd ighegron DAL LALIS ' As shoul d

be gppr %&L&Eﬁg we .ThQ@d%egr?[?é %fﬁqtgggé Sorf RS a SERBIAibMERTASRARES t O an

i nner reglon or cen substrate 18, and the outer process
zone 44 ageilieom|silicon diaxédep sitiden hitride silinorecarbidgi quartd ge.g.( afornuo£3iOelige) of t he
substrate 18. Acc ingly, the inner coil 38A generally controls the
format i Gﬁraﬁﬂcﬁ%&s%gél) 3’@&@?1@% neutral s above the inner region 46 of the
substrate 18, -14 WD 02/03415 PCT/ US01/ 18623 and the outer coil 38B

generally controls the formation of ions and reactive neutrals
With regards to the chuck 26, the chuck 26 is coupled to the upper surface of the

20  bottom electrode 22 and is generally configured for receiving the backside of the
substrate 18 when the substrate 18 is placed on the pedestal 20 for processing. In the
illustrated embodiment, the chuck 26 represents an ESC (electrostatic) chuck, which
secures the substrate 18 to the chuck’s surface by electrostatic force. However, it should
be understood that a mechanical type chuck may also be used. In some embodiments, a

25  helium cooling gas may also be delivered to the back side of the substrate and/or the
back side of the edge ring to help control the temperatures of the substrate and edge ring

during processing thereby ensuring uniform and repeatable processing results.

Additionally, the pedestal 20 is arranged to be substantially cylindrical in shape
30  and axially aligned with the process chamber such that the process chamber and the
pedestal are cylindrically symmetric. However, it should be noted that this is not a
limitation and that the pedestal placement may vary according to the specific design of
each plasma processing system. The pedestal may also be configured to move between a
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above the outer region 48 of the substrate 18. Each of the coils 38A, 38B
is separately coupled to the RF power supply 36 and 5 match network 37

t hrough tWe @@sers di stribution switch 40. The power di strigguigsiisesstch 40
is arranged for directing the energy, fromthe RF power supply 36, between

the | il 38A and ¢ ter coil 38B. That iS..th di stribut i
s t ch 5o 03top idtghren G ihdintrend SplogBk preiBiee 48PS e PR ner gy to the.
i nner C%Jolsit_l_iﬁﬁfas%ﬁgwﬁ) ﬁ?ﬁﬁi&ésshﬁ%ﬁﬁb bitafafeqs. diltepmitively, &pasopin ntaytdee out er

coil 38 us, depending on t e£05| tion of 10 the power distribution
swi t ch 4®ed toi mewsrthe pebsiraisdsd fearm  Bstpasigen fgrdoatingunleading & Bspcpad coupl ed to

the RF ) |y 36 i iUt | ' ' '
communi SRR ShtPi<setae TSP RN Bl PRl drMnSH iR ko B R
enbodi manthe drivind foothikkatd efbrévaty wilbdot badadussad inndreaten ddtal. power di stribution

switch 40 when to nove from the first position to the second position (or
vi ce versa), and/or how long to remain at a 15 position before noving to

anot her posi tiigh,vethe Ganhd bh%g igm crtits%&teﬁbét%e% HRNBEALECHlICAMIAGhe | N9 a

vari ety of operations associate e power supply including but not
| i mi t ed pedestal @0t Thed dxihaggst phe 30dg cortfigieed(fer grhausimgtgayesdbrmétediRiBgpower suppl y

36. As shown, the.contrqgller .75, i led,to th Ly, 36 Vi
Signal  dBORTEIRS GRY iEensraly sonlpd to g WHIRHRIANA PUPAER SHOPPIHECHR o i bed i n
gr eafper FAehd df thdprob&s chﬁnlge%r:‘l-z. BOmdfienbbanists] 8RchMomblecalas pumpes udes of a

gas i njection nechanism50 for distributing process gases into the process

chanber at2ngeriie mypdtaintheapnroprisiepreairsins®o thegupegsarhymbeidCudes a singl e gas
box 52, as injection,part 54 and as. distribution .swht 6. The gas
pox 52 FerBaIg G ee ahars ey Buli bt S el A VA e 25 Gac
i nj ect i GAdAWY pedbdal( theAcialslacdndneobi} exianet foEm@Rsaryicegtingtog@rt 54 is

configured for  releasing the gaseous source materials into process chanber
12, and snesific gesign of grelt Piasma prasessing swrtein doE exppplacthe cxleysiang ofedaf®en t he

di o150t g, MO 320 AL H SHRSHERLS, AT RS I Mces Ui, 1 1) et on

port 54 spose roun I'nner periphery o e process chamber 12,
and nore particularly through the dielectric wndow 32 (or gas 30

el cased 1 1 ot bt FRIPTIG, EHLTGEIAG  Pre R S EIaPEP™ 1 Sel T or
; nr ough 322&@%@ gigpfaga bRl ggsﬂvaer% Petiifistl £1 R UistBouthngdlbey Sufcigiigor e, the
strong to ignite and sustain the plasma 16 inside the process chamber 12. The power
.20 delivery mechanism 34 includes a single RF power supply 36, an inductive electrode 38,
and a power distribution switch 40. The RF power supply 36 is configured for supplying
the inductive electrode 38 with RF energy via a match network 37, and the inductive
electrode 38 is configured for producing an electric field inside the process chamber 12.
In accordance with one embodiment, the inductive electrode 38 is broken up into a
25  plurality of individual and spatially distinct coils. In the illustrated embodiment, the
inductive electrode 38 is broken up into an inner coil 38A and an outer coil 38B. The
inner coil 38A is arranged to produce an electric field inside an inner process zone 42 of
the process chamber 12, while the outer coil 38B is arranged to produce an electric field
inside an outer process zone 44 of the process chamber 12. As should be appreciated,
30 the inner process zone 42 generally corresponds to an inner region 46 (or center) of the
substrate 18, and the outer process zone 44 generally corresponds to an outer region 48
(or outer edge) of the substrate 18. Accordingly, the inner coil 38A generally controls
the formation of ions and reactive neutrals above the inner region 46 of the substrate 18,
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controller system (not showmn in Fig. 1) that is arranged for controlling
the flowrate, the -15 WD 02/03415 PCT/ US01/ 18623 types of gaseous source
mat er i al swioon2me413sed, and the ratios of the gaseous sourcecmesoensabs. The
gas box 52 is generally coupled to a plurality of gas cylinders (not

shown) , Whigfhy Bl Roft BBANGRE 1P coHHRIN the PorkREibE LY i0RE aS@ ALK SRaRe Materials,
via a plurality of external”gas |lines 60. Gaseous source materials are
wel | knabovd the bliter sgionaddoBhewubistratetl8be di scussed in detail here. In
accordance with one enbodi nent, the gas injection port 54 is divided into a
plurality of individual and spatially distinct ports. In the illustrated

enbodi nent, tehen §fde chilé A BB B¢ arady coOnsitSicthe RFbweR 8ESp1PS6 tnd4A and an
outer port 54B. The inner port 10 54A is arranaed to rel ease gaseous source

nat esi almatchmedwoiked 7 thremghphopess distimtion switch A Thenevees distianigar 12, while

the outer .port.54B is. arranged to rel eas SQ ' into
t he out é?"ltgﬁé{%éssaé’fa%ﬁ %&ﬁ(??[l & eﬁl}e&%yegrg%tﬁ%m&ﬁiﬁﬁ@?réghg | oélée : ét he

i nner  prigkR$8il 398 And thedRNer atlI38BC LAt &S A sver distdibutionewitckg0dn 46 of the
substrate 18, and the outer process zone 44 generally corresponds to an

! L ) g¢ .
outer r egniignradwih atfise positionier dirpedng encrgystodhie Hmer ¢l 3§hand perepns 4

general Ly . . r o) | ' 46 of the
Subst  ardoiEl iy Re i e B bt TR TR M chdle pRAR poRB SR 1O ot
neutmal shepove disisbutishewitchdpeithdBthe inricheoib 3&A br tiemuld.coftd8B iof the ports
54A, 54B is separately coupled tqQ the S. hox 52 thr h.the 20 gas

di stri b&PP}z}ﬁEB\/&%?ghWefﬂlig’lﬁég@(ﬁlﬁﬁP&W§?&$H@Pﬁ%s\§$ﬁ%§¢i%§é§q1§ arranged for

di rect i ngytBRicaHaR KPS RAULAE 75RLLE kidhal cOHRREbRY 6! Qe e oliRSenh aMe 52,
bet ween the 1 nner port 54A an the Outer port 54B. That is, the gas

di st ri bubntoslles & icdrraiged & o thepedendisttibatidn svetch 49oxkhani tomaverragi r ect i ng
t he gasepu ource terial.to.the inner rt b4A and a.second osition
For v abf RmbPesionya Saotreoutbibidemniat BFY ur Sl frB S FEP R £ Thss.
depepndi R@sitian BBk BoMAAS b hiihépotitien. OB cBh&blldrTatis @lo amhigeld f&6, ei ther the
I nner port 54A or the outer port 54B is coupled to the gas box 52. The

second dostrollinga vetiety wl ppératimisiagsoglated with the pawansunely @al upe controller

75 via g signal ' 3 ' 75 i
I A e B A N I R
first pasd&dn@oll075ibeogsledothp power sapplfyG6 Wi & siguslircdaectiand7oA dpatiall ong to

remain at a . ) . o
distribution switch will be described in greater detail in Figs. 2 & 3.

20
The plasma reactor 10 also includes of a gas injection mechanism 50 for

distributing process gases into the process chamber 12. The gas injection mechanism 50
generally includes a single gas box 52, a gas injection port 54 and a gas distribution
switch 56. The gas box 52 is configured for delivering gaseous source materials to the

25  gas injection port 54 (via a gas line 58), and the gas injection port 54 is configured for
releasing the gaseous source materials into process chamber 12, and more particularly
into the RF-induced plasma region between the dielectric window 32 and the substrate
18. As shown, the gas injection port 54 is disposed around the inner periphery of the
process chamber 12, and more particularly through the dielectric window 32 (or gas

30 distribution plate). Alternatively, the gaseous source materials may be released from
ports built into the walls of the process chamber itself or through a shower head arranged
in the dielectric window. Furthermore, the gas box 52 typically includes a gas flow
controller system (not shown in Fig. 1) that is arranged for controlling the flow rate, the
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30 position before noving to another position. The controller 75 is also
coupled to the gas box 52 via a signal connection 79. The controller 75 is

arranged wero2maqisrol ling a variety of operations associ atped/idoiisd2he gas
box 52, including but not Iimted to, controlling the flowrate and the

gas flowratio of each of tQﬁ gﬂfes én 5?? ﬁsgiﬁﬁ source na%prial -16 WO
02/ 0341 5/HSE9} BISHSORES Taieiitls & Deagadnd fiegdfips of the BEPOHEIRTesn swi t ch wi ||
be descrigfld. THY Habek 59¢ ginkrall) chigslsd toda pibrality & g8k Naddrgi(ot der to create
the plasma 16, a process gas (e.g., a single gaseous 5 source nmaterial or

a mi xt uskowt), whichcusasanged o stppbira varis)y ¢lssageans seyrcy mafgsials, Vidtdo t he process

Chen - <BpHaar ead! RS ofcCaront Mutaiel BEE L0 BRhGF e aTHEC 0

36, andvall harsedis@lsestinidetafliteted i s produced i nside the process chanber 12.
The electric field accelerates the small nunber of el ectrons present
I nsi de the process chanber 12 causing themto 10 collide with the gas

nol ecul es of : ) bSd : WEH R s a). Lon and
initiation ofﬁlt ce&g agarr)glt}g%& eﬂmlﬂgﬁ%’ﬁ *‘é g%goi\%ﬁ?lélﬁ?ﬂjégdégﬁwftaﬁgﬁﬁ%ht ral gas
nol ecul ehurdlfty of eividud @esd sgiallytistine pojte clretie iiustraed embodiorept,dhegasr i ¢

fields | gse, el ectrons,. and | eave | nd, positivel h ed ions. As a
resul t, THeRIORPOE)# ‘E?Hé‘rsﬁé)g aP_Hﬁ’gl_,’PWES%P%E?OEWEP%#ﬁe&g%%ﬁgO nd neutral
gas ;gol @@RH? ﬁgﬁfg‘éd ORI &Y g&isebﬁbséo%e RARGRISined AR BEer drocedsZoRy Ub R tHene

formation o plasma 1 neutral gas nolecul es inside the process
chanber pikRessl chambent?, whilsdhaoutergiosicdb 4hisarmdsgedie relaaseposcovs sauiee subst r at e.

B f le, f th hani i buting,to t : f
The mouttaa B il aoessdorfiet B pIER Dbl At et BE°"CF 1o
random RvepRBLss@bnéMh Senr Ay dodskbRds iranZdneapiBa Uk of Teksbsteaté ager of

neutral species (e.g., neutral gas nol ecul es) nmay typical Ify be found al ong
t he sur fagtheotes pheresstane g ge@orlbeepmipindglty an apfenregioa 430tfitem el ect rode 22

_ e | ode 2
con napte e i e RERCATLEA kRO G bR Y ARbAR el T 11

et chi ng absvedBPiSikt teglon 45ofAle sibsidtel 1 andpin evergets4dgéderdllyecoptoBr del i very

mechani sm and t he gas )
the amount of neutrals above the outer region 48 of the substrate 18.

Each of the ports 54A, 54B is separately coupled to the gas box 52 through the

20  gas distribution switch 56. The second distribution switch 56 is arranged for directing the
gaseous source material, supplied from the gas box 52, between the inner port 54A and
the outer port 54B. That is, the gas distribution switch 56 is configured with a first
position for directing the gaseous source material to the inner port 54A and a second
position for directing the gaseous source material to the outer port 54B. Thus, depending

25  on the position of the gas distribution switch 56, either the inner port 54A or the outer
port 54B is coupled to the gas box 52. The second distribution switch 56 is also in
communication with the controller 75 via a signal connection 78. In one embodiment, the
controller 75 is arranged to inform the gas distribution switch 56 when to move from the
first position to the second position (or vice versa), and/or how long to remain ata

30  position before moving to another position. The controller 75 is also coupled to the gas
box 52 via a signal connection 79. The controller 75 is arranged for controlling a variety
of operations associated with the gas box 52, including but not limited to, controlling the
flow rate and the gas flow ratio of each of the gases in the gaseous source material
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delivery mechani sm shown in Fig. 1 can be used to enhance process
uniformty. By way of exanple, the power delivery mechanismcan be used to

spati al | ywghpngeist he ion density inside the process chantperr/iggg8d25 chi ng
between the inner and outer coils, while the gas delivery mechani smcan be

used to i al ; ' FNSI: : ss chanber
by sw tc%}aﬁ}ge‘ %‘g{i %/\ﬁ/égIg I ngg%@lg’ﬁg&g%}%%h ‘ggg&% %%%%@oﬁ%ég%?gégg%?ﬁéo%al ly,

t he mag@i 3.udes, the switching duration's, the constituents, and the
constituent ratios can also be changed between tinme slices to further
change the ion and neutral densities. -17 WO 02/ 03415 PCT/ US01/ 18623
Accordingly, r:al @m{ J j nci uniformty
al ong the sgr%f%gg’eﬁgf&% sue?{%rﬂgﬁg%}mhﬁaﬁg}#iﬁs I gg%éggg.lg@éi %&Eg?;sordance W th
one fspeaircofmatehiel qraaire of gaseviusmoprdeheaterals)de peierallynoput intedhe 5 substrat e

edge is increased o ecreased to inprove. processing, upi for.m.ty between the
center BR§e® GFr bh&@ﬁﬁ@f agtone ¢ %‘%Hﬁfﬁ? 0388%8?1 gﬂ\éﬁ‘lfﬁh%‘ variety of
ways Us il af 104EBhd ¥fhd BREMERS 38 fustaP REYARS Bburt§ IS Hntl AlargBY WAy Of
exanpl e, "Oone approach to 1ncreasing the ions near the edge of the

subst r atlectris fiadd isprodmséinside thewoetss charmmbard 2t The electis fiddaecelesatds st ri but ed

at the quter zone relative to the a nt of tinme,th h r.is 10

di st r1 bieega MR O Agfiors !li’ée.se%dﬂﬁ}g‘!r)@’g|%‘?ce§%@aﬁ’#8%ﬂ% oy et e
decrgasgsl1itlo withahé BaSBolbffed sTMBe POBEssighe BiEtge collisioheresullb &t joalzation t shoul d
be noted, however, that the tinme needed in the outer zone may be smaller

t han t hendimiigitone¥ the plesmrekfd & inwell kaown jiethe aptothe nsalzal gae moleeuies 98  or ned

in the i;nner zone di f f t o proach to
| nor oas G sES BTl To HSP ke R 0l POFAeon dRPTREAPP DI,
amount _Béhiﬁ@B@sﬁtiﬁlélﬁ thdrped iofls. aAs & Rguhiaitivelubarget dbrisysedativelyehamgedint - of
power distributed at the inner zone. Conversely, the ampunt of power can
be decr elsswens anddsuird fae mofrsules A contripedinddeRIgeess LOaRReIddhst rate. In
accqtedance with one aspect of the present invention, the ion density near
the 20 center of the substrate is increased or ec;ease 0 i nprove
processi ng umuriggihe pripaiianadihe plasrae Ao .diculiplgag cgesglpﬁéées BHIGE%. Again,
Lhi's Ca e Ao UR! LRI be!dhobied Y-l thoBhrRYE tdBALOCBY YN ve T eat ures
of the present~invention.” By way of exanple, one approach to increasing

t he i onsxaigple, dreftienhechanfmt doatribuliag tathe praseta of the neutral gas molecules

at the substrate may be diffusion (i.e., the random movement of molecules inside the

20  chamber). Thus, a layer of neutral species (e.g., neutral gas molecules) may typically be
found along the surface of substrate 18. Correspondingly, when the bottom electrode 22
is powered, ions tend to accelerate towards the substrate 18 where they, in combination

with neutral species, activate substrate processing, i.e., etching or deposition.

25 As should be appreciated, both the power delivery mechanism and the gas
delivery mechanism shown in Fig. 1 can be used to enhance process uniformity. By way
of example, the power delivery mechanism can be used to spatially change the ion
density inside the process chamber by switching between the inner and outer coils, while
the gas delivery mechanism can be used to spatially change the neutral density inside the -

30  process chamber by switching between inner and outer gas injection ports. Additionally,
the magnitudes, the switching duration’s, the constituents, and the constituent ratios can

also be changed between time slices to further change the ion and neutral densities.
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i ncrease the anount of tinme that the power is distributed at the inner zone
relative to the 25 anmount of tinme that the power is distributed at the
outer zonwo @eady@r sely, the anmount of tinme can be decr eaged /itwi1dsRsease
the ions near the center of the substrate. It should be noted, however,
that the ti eeded in._th : : unt of
time nedse e ERE sy s Qb Bhuct 38 Rl PR SRy U0 BP0y
di f f use suifperdsubdi@towilEiow bdiéiscudsal her approach to increasing the ions
near the center of the 30 substrate is to increase the anmount of power
distributed at the inner zone relative to the anount of power distributed
at the outer RoNe : sed to
decrease t hehl}g%grdr?gg?%?h?ﬁ%ésﬁtegrﬁg héélstné %g trat gh&agg&%ygg%%gw

PCT/ bSO &utk86@23:dia isdincmastd nc deangdsbd tnintpreve mrepsssing shiformetybetwesit thenvent i on,

th tral densit t he.substrate edge is_increased or d dt
| mpr ove CEHE BRGAEE S SHRitE, TS he pctomp ok e et RayEE K e
subst r affent{t feafifdk JIRLAHEREPINVERRA. IBY Way af &QkipIQbne YeiHsadhabng t he

inventive features of the present invention. By way of exanple, one 5
appr oac increasingdhe tows nepritheeedge of thel sybstesde istin inceenge thefamoyat afifae tiste is to

i ncreaseg the ampunt of tlne t . } | i ter zone
rel ati V%quv%eﬁésn%ﬁ@qﬁﬁ%d(%% {hFimr#eep%érheaﬁtaﬁpﬁg%gﬂgg aﬁlg ﬁ%‘ir%f?}rﬁ{h%%? fg%‘e g?‘%'? ﬁfeé i nner
zongy Canwesud&l it thd hoetimyCordbrstlyhtheGaibubitof tiee cadsatbctcasdior ease t he
neutrals near the edge of the substrate, It should be noted however, that

the ti mieqreasqdler ions ners tha adge of Bissubsitate, & shauld bepotedahowper.dhtdhe of time 10
needed t i I i i one may
0T use tmegigieinfhe RS ORESRTR sl I ot f ORtint Hedddf ol 8 Hinct

neut r al somaRcalidaeheidge forfnet hethe snurtes owd ay diffuge toveardsthe otiteezddeow r at e of
the gas distributed at the, outer zone re%ftive th flowrate of the gas

di st ri bdnethen aparpgeh; ta pasreasingdhe ogppeqr dg dgeoh glefqugwg%{séo ingrease theyacr eased
to dger eadent o Vit AGR neldifer 2BHE v NS 1R RR B Spovhi QlchswiapPr 0ach

i ncreasi e neutrals near the edge of the substrate is to use a
gas Wi t ht the dhrfef eoren Convéreaty,dld ameike ofipowier tahdedatreased émdearedsatheaions o t he

chem cal e- f. th s distributed at the inner zone. This may be
acconpl Pgﬁgﬁe%‘iﬁ%@%ﬁb@“ﬁé&?ﬁe gas ratios of the conponent gases or by
addi ng/ del eti ng a conmponent gas. 20 In accordance wi th another aspect of

the present invention, the neutrals near the i i
In accordance with one aspect of the present invention, the ion density near the

20  center of the substrate is increased or decreased to improve processing uniformity
between the center and edge of the substrate. Again, this can be accomplished in a
variety of ways using the inventive features of the present invention. By way of
example, one approach to increasing the ions near the center of the substrate is to
increase the amount of time that the power is distributed at the inner zone relative to the

25  amount of time that the power is distributed at the outer zone. Conversely, the amount of
time can be decreased to decrease the ions near the center of the substrate. It should be
noted, however, that the time needed in the outer zone may be smaller than the amount
of time needed at the inner zone because the ions formed in the inner zone may diffuse
towards the outer zone. Another approach to increasing the ions near the center of the

30  substrate is to increase the amount of power distributed at the inner zone relative to the
amount of power distributed at the outer zone. Conversely, the amount of power can be

decreased to decrease the ions near the center of the substrate.
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center of the substrate is increased or decreased to i nprove process
uniformty. Again, this can be acconplished in a variety of ways using the

i nvent i vewigeaiogg@s of the present invention. By way of exampu®i/i181s
approach to increasing the neutrals near the center of the substrate is to

I ncrease the u A | ' ' t d.nner zone
25 relative thgg?%g&ag%ﬂé%gg?&% ﬁgé{%ﬁgt%é tﬁiﬁ%5%8§?§%rfsti°9?ﬁélt€ ?ﬁe%%le ﬁ%?’Eyﬂ'out er
zone. Cooxeths elbsiratehdge Brinitedsed br déareasadio ipraedchepoecksing welrmidge t he
neutral s near the centgr of the substrate. _Another .S(%ggr.oach.to '%ncreasi ng

t he neubelyesnisgentes and edgeand thy subgigate, s catkbe aceqmpRlishigd in  ¥ERElX 0l t he f1 ow

rate of P | | g r ' e ow rate of
t he gas V%'JI}E,[IJ rgi?lglt}?é el'g{’éﬁtg? E%%% %ﬁtﬂgg%%%&%\gg%e g%? \k?ge iﬂgé&%’r%ﬁtele can be
decr eas agpioactdh idaesstasihe nhetraliendar thesedge af thielsebstmiw ie to icrdabethsubst r at e.
Anot her approach toQ increasing.the neutrals near.the center of..the

subst r afElqugt ?Guﬁg’&atathaggsl Wdﬂ%%'ﬂ%iﬂﬁ‘} ?tftﬁ? Q?Fﬁr%q]i‘gﬁ%@é‘fe tﬁﬁ.ﬁ%@lﬂBuntzﬁf Ufe i nner
zone relgdinyeodQs LiBRLaRAR ARlindBRIs8nd! RoRlerkdl§, B BinFloriY &4 Rt the outer

ds
zone. -19 V\D%Z?OBMS PCT/ US01/ 18623 This nay be acconplished by changi ng
t he gas deaeased tofedrtrse tomputialn neaydbe sdgsrofitiye substtitedt shoubd beveoted.conponent

gas. Wiile thig jnvention.has been described in. terns..of several. exanples,
0 shoulbaochy bk BY B fraie RapES e/ oRE v 36 s RUSTodl iR TR bt

equityal @Rtged aMticGhindrabhe Medaldethé hutetoPpemed intthé EmenxeRihondiffuss exanpl e,

al t hough the aforenmenti oned exanples were _explained in context of a single

par amet éewardathseoutar zenw uherther approssh toacrepiing thepeutrals peardhesdeeidiifes coul d
be done t rthe ffe S ' : time or
ot dr 't SPat s RElnofeh Sk ARAGERT s ibited ML By AlpebeaveRRE TP
10 a cofpenerds ofthebds disribitad gictle ainet henes Gokverseiye theHlow bhate wabe it shoul d be

noted that caonponent qgverlap could al so be done to further effect process
uni f or mdggreasiAée Aerease themeutrals pearitheedgsof e S(S'g??aé?-éﬁﬂo_ﬂ?‘?rﬁﬁg’foa%'fo exanpl e,
dur ;99 @, G8RintHAP nefral NG th%teﬂ o OBthe Rebsirateds tofitke a(%as Witht difRar during a
power step, a gas step may be Started. The power step and the gas step
coul d alchemivel mtles-teak the otithezaemelativere.thd SheRiicpl nkesipafdhagasam of a spati al

distri b%sgtggutgﬂtttﬁeh in%(e)r .;Eorﬁg:[ Tﬁl(')sl%rlxa(.jy l?eeaclcj:grgp is!hréd %Iy tcﬂaegging the gas ratios of

the component gases or by adding/deleting a component gas.

20 In accordance with another aspect of the present invention, the neutrals near the
center of the substrate is increased or decreased to improve process uniformity. Again,
this can be accomplished in a variety of ways using the inventive features of the present
invention. By way of example, one approach to increasing the neutrals near the center of
the substrate is to increase the amount of time that the gas is distributed at the inner zone

25  relative to the amount of time that the gas is distributed at outer zone. Conversely, the
amount of time can be decreased to decrease the neutrals near the center of the substrate.
Another approach to increasing the neutrals near the center of the substrate may be to
increase the flow rate of the gas distributed at the inner zone relative to the flow rate of
the gas distributed at the outer zone. Conversely, the flow rate can be decreased to

30  decrease the neutrals near the center of the substrate. Another approach to increasing the
neutrals near the center of the substrate is to use a gas with a different chemical make-up

at the inner zone relative to the chemical make-up of the gas distributed at the outer zone.
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t he power delivery nmechanism 34 or the gas delivery nechanism 50. By way of
exanpl e, the spatial distribution switch 80 nmay be the power distribution

switch 40w@ro2oh® gas distribution switch 56 of Fig. 1. | rpganseiase2st he
spatial distribution switch 80 has 20 an input 82 for receiving a supplied

conponent .83 from . . C fdrhst output 84
and a s?@éma%h? %Cﬁ%)ggggl%gﬁ) %%E%%ggg{erésgﬁﬁ%gfﬁé%%gn&g%ﬁ%gnen? 83'. As

i1l ustr atemgidelefih@a c@mpbiedrt ggat i al di stribution switch 80 has the
capability of distributing the supplied conmponent 83, to either the first
output 84 or the second output 86. The first output 84 may be coupled to a
component OUtpHg, 4/ f%tf&%&%%énﬂﬁs&%%d%P{EBHQSPéeth Bxatnplbd, $tshbe@! on of the
process chanber, and 't he secon conponent output 86 nmay be coupled to a
secord Gemptsdehit tisse pretalterations) tpprrhithtienss dvel equivajpotsewhidhnfed vathéedend r egi on

of the process chanber. Briefl the s | i.ed component 83 may consist of a
singl e éé?%etqftt@é Hvepjion F%"C?Xb‘i“ékafﬂl‘\}lggH%@cg?fgﬂe’?%}#se?‘a@@és g?gefrpl e, in the
case of e&%@@%@%@@%m%ﬁg%&%}ﬁ@e WEOuEORShitd Gat udilgl € gas or a

pluralit gases. The supplied Conponent 83 may al so have varying
pr oper t ipasanasacbargee dowlilbh doheteciuntbearasfect proesss uxifomiity, whethepal thease of

TP 20" i sirs pke bR Ty bret s By hEREATGN Sl ARELAZTCD Poic
gas ey Nawpohif oMM Bhngtd Gt Ar%8khe Gidte. fHudBermdit fit St bé Astedthadf m xed

gases, or a different gas m xture altogether. The supplied  conponent 83 is
pr ef er atsoypdedrit veerbg ool alsasbadons te futher efferd Progaesyyloriy cWhetBera r anged

for adjysting the pr rti.es and. const | ] i i uppl i ed
conpone gﬁe Saa“%n%% B’ﬁ%@?&?ﬁ%ﬁﬂ?%sc gzs% N X%E'é%’%ﬁ'glﬁlg ¥ gag ?t%g’a&pf (8,},%}1 Slkét%y&%?bi our ces
coul d beidedtortviceSikepdl JuriOPen@stdps ) ghsstégay bpstarté® The powdrctep8@d For
exanple, a first source could be used to supply a first conponent to the
switch, thnepsstepconliplanen detedniithe 9@eddey to supply a second conponent to
the switch. However, it should be noted that the cost of nmultiple sources
is prohibitively high, and therefore one source is generally desired. 10 To
el abor at e f urllijperis atdirerspaf a apatii distribbtion ewitdhiQ that @mid be uspdameitharly a v
swi tch,

the power delivery mechanism 34 or the gas delivery mechanism 50. By way of

example, the spatial distribution switch 80 may be the power distribution switch 40 or

the gas distribution switch 56 of Fig. 1. In general, the spatial distribution switch 80 has

20  an input 82 for receiving a supplied component 83 from the component source (not
shown), and a first output 84 and a second output 86 for discharging a distributed
component 83°. As illustrated in Fig. 2, the spatial distribution switch 80 has the
capability of distributing the supplied component 83, to either the first output 84 or the
second output 86. The first output 84 may be coupled to a component output for

25  outputting the component into a first region of the process chamber, and the second

component output 86 may be coupled to a second component output for outputting the

component into a second region of the process chamber.

Briefly, the supplied component 83 may consist of a single constituent or a
30  plurality of constituents. For example, in the case 6f a supplied gas, the supplied gas
may consist of a single gas or a plurality of mixed gases. The supplied component 83
may also have varying properties associated with the component. For example, in the
" case of supplied energy, the supplied energy may have increased or decreased power. In
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whi ch by definitionis a switch with one input and two outputs. The
direction of the conponent depends on the condition of the spatial

di stri butwemsaitsch 80. As the spatial distribution sw tgrtBdoiss@hanged
froma first condition (as shown in Fig. 2A) to a second 15 condition (as
shown | 2 GORR t the first
out put aQe oﬁ@pglel%:&c: g%fs%l%l%é%glfﬁpgaarra%ggégeoﬁ?%&&ﬁg%a gé?g‘r;]ved correctly
produc eshﬁerelsttremtwfdmxed gimet,icvn differthiezas mmnraeadtogﬂhhnr milke a@pﬂlﬁéns i ents,

first in di t d of Lned b | th
Sw tch empRne A Rty AdEREIuAS seleieor G3B BRG] MG s B, peri od
of time A %hg ko Vgi@gi]rﬁéfs Moh&ﬁﬁeﬁt@é‘ss@é@ﬁt%& Q/lt'hsthé J%Qe@ esdpdiean B) .

Furt herm)re 80 1s conti nuousl nodul at ed bet ween t hese
condist i ahmugltu*ucbtl@PImMesa Altmglh‘evqby,cmqﬂmhﬂyrof@omees calpbouzeddo supplibst r at e

Formed PERPReTHa fo BF UL R BLSBRIAR Toh BETHaG g SbaT s SreBRe "out put.
In this qpasy 'afiﬁ.l;t%rrﬁ)eﬁé}ﬁltmsm@h Zindfal se&dnd\salinee cbﬁld%uﬁb@ﬂ) gm?pmen the

singl e source and the first zone and a second valve is ed between the
si ngl e setmdeonmpdnartt¢o ﬁ?@@m@hzﬂw&evﬂrh’esh@élﬁﬁmmd that te §t>~°r’f |05m“éfép 80 the

d d | h
ot her vaPue eyt SRS ahdistordp pg o BhiaRy PR, DECC 1, (O

firsfy zone, the first valve is opened and the second valve s cl osed.
Conversely, in order to distribute the component .30 to econd zone,

the first val Teelborgiedyeher e spaial %Hﬁ‘\‘ﬂ"%é‘f"%ﬁ@“ 8%1806;%&%@ W' the
switch has beeg Sf?ﬁf?éc{}ﬁtsaa%@ $6iH & oqﬂttaﬂﬁl ARG ot PRALT T‘i’i@‘&uﬁac\!’cﬁm aykputs, It

shoul d be under hat ISISI’I i'mtation and that the switch may
be -21 \M@Bﬁﬁﬂd&ﬁenﬂmﬁ OE0dndBBADL ﬂrersgal@édlstrublihmnGMetchﬂﬂeAS)ﬂmﬁp@@l( or nore

I nputs). uts,coul d be

h d
used to ‘Bﬁ‘ggl}t}Wétc Sggﬁ%‘i‘%g&ﬁ ol W%gﬁ'rn‘%?gse%f’an &oBd s

changer . cohfitibA (& shaws in FY 88), Y8 &"@e%tlﬂﬁ}df 08 comBondr® cﬂé.ﬂ‘gteﬁ ﬁbﬁitﬁeﬁfsﬂ} conponent
to the appropriate sector. 5 Furthernore, although the switch has been

shown armiimie8é to thedetandmntyug86. Bfis amangemenirvhepaiesignpd oersetlymeomiersts, i t
e DTS EUS ORS00 B0 e DAL BREonT

period of time (as determined by how long the switch is in condition A); and then in the

reverse direction for a period of time (as determined by how long the switch is in
20  condition B). Furthermore, the switch 80 is continuously modulated between these

conditions throughout a single process in order to process a substrate uniformly.

In one implementation, the spatial distribution switch 80 is formed from a pair of
valves or switches having one input and one output. In this particular embodiment, a
25  first valve is coupled between the single source and the first zone and a second valve is
coupled between the single source and the second zone. The component is distributed to
the desired location by closing (off) one of the valves while opening (on) the other valve.
For instance, in order to distribute the component to the first zone, the first valve is
opened and the second valve is closed. Conversely, in order to distribute the component

30  to the second zone, the first valve is closed and the second valve is opened.

Although the switch has been shown and described with one input and two
outputs, it should be understood that this is not a limitation and that the switch may be
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delivery mechanisnms utilizing conponents such as tenperature, bias power,
magneti sm 10 and the |ike. As should be appreciated, each conponent
delivery @xsi@3yrovi des increased recipe control. To furddiarsoghgdaer at e,
Fig. 2C depicts an exenplary tine verses direction diagram 100 show ng the

t f ct i i 15
o roai ot RACHoRSoRp LTSI AR i) B ooy fiC AQARRTE ML B POF 95
time axigput ank thedebutplé c@td botet tadisgibut a &hﬁpcdien’elﬁﬁtwemﬁhre&mecstors Bf is

divided into two distinct.  directions 102 and By%lwa of exanple, the
di rect i $iePragsss elienbena s cape 888 Y2LVes A e ﬁ%ﬁﬁtr{ 1¢ 1 CPmPRRCIG ut put 84
and t he of Figs. 2A & B. Furthernore, the time axis, T,
is divi gi@%?ﬁfxg%&%%ggﬁﬁl ty of distinct tine sequences 106A 20 F, which
stars at various tines, to_ 5. As should be appreciated, not only are the

conponents being spati ul ; d bet n directi 102 ,and .104, but
jth(rars are al sgurﬂg : @?Mgﬁg %@f@ﬁl%&%@ﬁ%% St %gammqﬂt 5O "t he swit ch
is alte H@Eﬂ a[éhq bﬁ@m cﬁénsn%?ﬁ%héuléb&m&ﬁnmt Eﬂéeéoﬁé%e&ﬁld gdhe tine

sequenc y or not be equal. For exanple as shown in Fig. 2C,
time seqplpiredés oﬁﬁﬁ@omﬂ@ﬁms a:ﬁ@@ﬂ Fotlexengte, éh@swlpaay bw@dm 6PMpeRens ane

anount aof .tine, while tine se nd 106D erf

Tt or eAflRO e LR e REoBgLs Fen as it Bl no Bt AR o'

per f19r el fhenike. ?Jﬁ%&ﬁﬂ be@pstiehiaefl, dabRBompbticheddlivery @@%ﬁe@@m&@w is
performed for a longer length of tine. As such, the direction (e.g., 102,

104), t lreraased regipeeomirol. t o 5) and the anount time (e.g., 106) can be

adj usted t hroughout the process to enhance process 30 uniforrn'ty. Fig. 3
is a flow diagram of the operation of the switch 80 according to one

enbodi ment offotfghdr REMBEH G Fig. BOrdepReCantdxeliphey sifiicorrset Hizedtlonawiaragr am of
Fig. 3 will be -22 WO 02/ 03415 PCT/ US01/ 18623 described in context of a
pai r of 18@shoseng Mpopsiitioneéa switeh axolinetiaoliHBHMA 29RNHAPET WIIIREE  this is
not ,a li g@ﬁh{eﬂvoﬁﬂgpiéaah iR elioh, BA %VHL tﬁ%vm{l GRS 0B c IR RS ks @ Singl e
process e swtching operation 2 genera [y begins at step 202. In step
202, th8&, ahdaedmremmnaifams;ﬂe Theidirettid®@l axss, $htis flividedtiafp two Pistineissi ng by a

Condi 11 difecgneTbp a4, BB eRsimmabo i ooy (B A DRR e Vice

respectively correspond to the first output 84 and the second output 86 of Figs. 2A & B.

Furthermore, the time axis, T, is divided into a plurality of distinct time sequences 106A-

20  F, which start at various times, t,s. As should be appreciated, not only are the
components being spatially modulated betWeen directions 102 and 104, but they are also
being time modulated between times t,.5. That is, the switch is alternating directions at
specific times in the process. The time sequences 106 may or may not be equal. For
example as shown in Fig. 2C, time sequences 106A, 106B, 106E and 106F are

25  performed for the same amount of time, while time sequence 106C and 106D are
performed for different amounts of time. More specifically, time sequence 106C is
performed for a shorter length of time, while time sequence 106D is performed for a
longer length of time. As such, the direction (e.g., 102, 104), the timing (e.g., t.5) and
the amount time (e.g., 106) can be adjusted throughout the process to enhance process

30  uniformity.

Fig. 3 is a flow diagram of the operation of the switch 80 according to one
embodiment of the invention. For ease of discussion, the flow diagram of Fig. 3 will be
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versa) thereby directing the distribution of the conponent froma first
out put zone to a second output zone (or vice versa). After the direction

is set i nwgi@m3£B@2, the process flow proceeds to step 205pcwneRog1828p 1
processing is perforned. Step 1 processing generally includes a

pr edet eﬁggc)tqggt} h&‘?{t épétpéfcfoﬁgéchﬁ{;@%m&@ks UGG RIMOBRM, HeWboes  thatl O
mechani sm or* exa "W th regards to the power, the magnitude
of the itdi Btnot btthﬁtiupmmt thamiplufaéitﬂbmmhaa manbe imade na:ysmglespemce'ss; a

B St 11 babe BREABOPTNALD g@ﬂ%ﬁffhgﬁ?é)ﬁs iR, tpdeh 207 RedRORE et o
predet epd %@H\%l geéféqk?% ﬁ]&tg%g‘a%ﬁtr AU e%aRYinke |2@Wefhe swli‘tbl‘ilher or

t he sane as i n t e ot her zone I n one exanpl e,
the 45 tsrcetdﬁgalrﬂ’omdalmb fnat mumpf biz. Adtterthd seednd comlltlmqfé*’ng dhfoalviger ocess,

s S e e B S BB o o B A ™

the di F&Bfl& BipBf zdrd 013\Wb$ %}s 0 Aif@r ﬁfétdufe@ﬁorﬁfs%é’t iR s%%@%b't@ﬁ)c@% a
controller. In“step 6, O switch 80 is changed fromfhe second

condi t i flowgfrodeieds tomn 204t \M]eeré es i pccmahmg Emeﬁbnmdg Steplpproesssiigce ver sa)

Zone. t o BTREAR PERE A BB 506 T IeaT T b RO P on i s sef
i N 55 ePnRBRanisnh REFIMORC FD$ ckdrdVle, Wﬂ?ﬁgﬁiﬂs t@ﬂ@tp@pmﬂe& whefifidsbefhe2 processing
is performed. Simlar to step 1 processi ng{ step proce55| nmneral ly

¢

i ncl udedlsalqﬂt@mvwmldttm dasétﬂmtt@n(t@melzasybm ﬁ@:é@r@ﬁ?ﬁm@ velyg onent

del i ver L SR s flow
pr oceedis{g?ly ?Eeﬂe g%igﬁ\l‘;\‘}hg}rlgeﬂogp ggegttg{lg%tﬁpgﬁomggéqggg%én@g%se pr oceggg%§ (yes)
or end mtmsﬁfaglh&ge(mm)preddterhim&dcbames Thesd wredeteratined valeespraclesisiver then t he
process flow%oceeds back to step | f the de onis to.e

pr ocesshiggen pethersp@e 35 heguedetqrpgigdya %Eﬂ@etogleé?%r&%sji Ol PXRLT- 4P £ i es

that th a8 i AL tEroaBR L3 ¥n@pp! i cation
1?1| sﬁleﬁétg%ﬁgcritlvgmﬁoﬁnow Eetgﬂagi@?%ed Smﬁm1ﬁre§8%ct to gpg 4. Fig. 4 is

a t abl eeirbd, tsprodtcengpracesathat &l staadyg apdusiédaup 400 for an al um num

nmetal i zation etch process, in accordance with one enbodi nent of the -23 WO

02/ 03415 PCT/ US01/ 18623

Following step 1 processing, the process flow proceeds to step 206 where the

direction of the switch 80 is set for step 2 processing by a controller. In step 206, the

20  switch 80 is changed from the second condition of Fig. 2B to the first condition of Fig.
2A (or vice versa) thereby directing the distribution of the component from the second
output zone to the first output zone (or vice versa). After the direction is set in step 206,
the process flow proceeds to step 208 where step 2 processing is performed. Similar to
step 1 processing, step 2 processing generally includes a predetermined recipe (or

25  instructions) for the component delivery system to follow. Following step 2 processing,
the process flow proceeds to step 210 where a decision is made to continue processing
(yes) or end processing (no). If the decision is to continue processing then the process
flow proceeds back to step 202. If the decision is to end processing then the process
flow proceeds to step 212, which signifies that the process is done.

30

To elaborate further, an exemplary application of this invention will now be

described with respect to Fig. 4. Fig. 4 is a table illustrating a partial recipe set-up 400
for an aluminum metalization etch process, in accordance with one embodiment of the
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present invention. By way of exanple, the recipe nmay be used in a plasma
reactor simlar to the plasm reactor described above with respect to Fig.

1. The pawig @lo3i@ci pe set-up 400 generally includes a pl wEahidoy/ 183 st eps
402 and a plurality of parameters 404, which my be adjusted throughout

t he process, .and nor artipcul arly at each qf the.steps 402 1 0. produce
uni f or mPESER IFETHORSPY 8}‘n°¥ Rl tyﬂ%er TeEwe iy Qbeedﬁg(?gjf a @Q%lﬂﬁﬁaptg? (Sa].mﬂlage

par amet ¢§ ghe JlaknidYesfotoRERIR A DSV IR rddpbct ¥ Bigh 0t Thé PartiglrebPe sét-ip M 406, an
el ectrode power 408, an coil position 412, a first gas flow rate 414, a

second 488 gehevelly medes Spluzalitnof sieng92fandwplyrality of paragisteradeh vhetow i nl et

iti 420. 10, T ti 06 i I W\ i iheh t
0"t epd alipisd ol iprb el B0 Bk B ity b Grch P icheptBion ), 2 BLEP
The ¢l e¢é pRAGcHPMIVI I leSulBIERE itRtRdter Vo thd el feofnsi®strdte. The, pavahdtas

delivered to the top el ectrode, whether the inner_ or outer cg%l. The coil

posi t i oin thipeasple skida: ted avgnok limkied 4o adins 40p, ap electrodepaayer 408 AR er coi l

of the Y L{.St140 i i d with the
{1 ow r aca ROt EANi e el S hleSh (0RBoh O MNP A1 2 BRI RL AR

pr ocessiritg 408 and dlaes Bew dalet pyaioh¥dW rate 416 is associated with the flow

rate of a second gas, which is part of the main processing gas. The third
gas flowrate 418 is associated with the flowrate of a third gas, which is

par tjpof  t he THRiHPACS asbidted Hth tBY tnRYat Whi@Xadsy B stdpdeo itdkes pies may be
CHF3, the second gas may be BCl3 and the third gas may be G 1l. The gas

f1 ow i nlaed theoshiytdonhols 2ige dusatingsaficaeh sap.2Chewletirada@owier 464 isgasociatesd | i nner or

outer gas_.injectio ort f.. the .delivered ses. . Ih 0 i:ns at

ot e 12 Bt PRubrteh s BefE a0 fue R SREREEE Fent e ThRF BB 0
shown, te cBﬁisziﬁBﬂ’ﬁ?@ﬁ 29@TidbliSwith GR<lifebom, 1.8] imePdr outet®odDofthd i s
delivered to the inner gas injection port. Step 1 processing continues for

5 secondsliyeedpowasThe frst Basgflayy rate At 1s agsociaiad widh the flovwkate)g.» $£6M) owi ng
step.l, th r to - . r i i he top

el e(IE,lt5 rod ga%&%\g}%ﬁég{)#@%ﬁ% §h\/\(3a %léfp? An gs )tl%ggsrrglhél gb%?%%]g%;ﬂ&g gisj[? QL%%/Si ng the
sanme gassdoatated Wit theFw oendfl aweesnd gasf whish iopdrhef theymain gracessimgems.i on port .

Step 2 processing continues for, 10 secqgn e.Jg. tarting.at. ti = b,
ondi ng. Thefhimbesiesy Tteibipassoveid waniedrmoiit s e, Widh ismatacs
proceed { i ROBRT oMy BWEHF], dcamPLised to the
i nner c?ﬁﬁgﬁlt %e’é%ﬁg%%ﬁ??tr%%g& an ?’ﬁe rraf% prc?Jcess 5 BRPY

may be BCl; and the third gas may be Cl,. The gas flow inlet position 420 is associated

20  with the direction, i.e., inner or outer gas injection port, of the delivered gases.

The process begins at step 1 where the main process gas is inputted into the
process chamber. As shown, the main process gas has a gas flow ratio of 5/20/80 and is
delivered to the inner gas injection port. Step 1 processing continues for 5 seconds (e.g.,

25  starting at time = 0, ending at time =5). Following step 1, the process proceeds to step 2
where the inner coil of the top electrode is powered to 700 watts, and the main process
gas, having the same gas ratio 5/20/80, continues to flow to the inner gas injection port.
Step 2 processing continues for 10 seconds (e.g., starting at time = 5, ending at time
=15).

30

After the completion of step 2, the process proceeds to step 3 where the 700 watt
power continues to be applied to the inner coil of the top electrode, and the main process
gas, having a new gas ratio 10/20/0, changes direction and begins to be delivered to the
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gas, having a new gas ratio 10/20/0, changes direction and begins to be
delivered to the -24 WD 02/03415 PCT/US01/ 18623 outer gas injection port.

Step 3 proeepsimg continues for 5 seconds (e.g., starting patrgdoiBsezs 15,
ending at tine =20). Following step 3, the process proceeds to step 4 where

the di %tu&ér%gé E'lgecﬂgl‘gﬁfwt & 3290 s’ﬂ:gg"%dh‘im’@és S£S Eéceadé){ é%@aﬂiﬁg hStimébanges

direction a o the outer coil "of the top el ectrode.
| n addi t]JSQendmgmt i A2Q)r Emihxwingatsp 35thk pwicesp oceeds ’gne&tepfhwihereahQOI 80,

changes dlrectlon an ins to be eIiv d to the i as |n ection
port. Stdgiributsd peEes ﬁ?’l‘@ng%ﬁ‘f‘f’ ROwsr ? f?«b@ﬂ‘f‘?&fé C%‘én té‘?’? DSt i me =
20,  endypg a@%hetd't%e ear-coftlob e t .t ?%16696@ gk LeMtOH, Bl ﬁlﬁnﬂproE&@ ghy,0Ccess

proceeds to wher e the ributed power, having a new power setting
of 760 vhaving armlwagvgeshcdﬂ%/@f); Qhangfrscdlrebmglamlhe@nbéo hpéﬂl@ﬂedbthm!emmhner coi l

of the to tro addi tion, .t he [ haV| a new

gas rat i%‘ 03’8}1 %@HB&E"C&F%%?‘?% uasrﬁabéﬁﬁ%ﬁg e0g biﬂl&g %/glfngd o the

out er gaeidjn@aeﬁmewzsp@(ﬁerﬂﬂdoh@akbﬂ&ﬂs wawqir@cdwp@bééa@tt@dte Bvﬂ{bré\| etch
process it shoul d be appreciated that Fhe reci pe could be changed to etch

process the disiribited posven haviak |2 neppovtes seing of 'i’QQveﬂ@, cleagpediceniion aBé changed

to etch roc ot her, terl I I he main
process ﬁ%@ %p(?rlnlgfl 81‘"1%? ﬁ@‘% Of{;’ﬁg& &?c%ggegféldnd 1%/?(?)hr’ maétslﬁgirlll g%cs #I ow rates
and gor atgla@ S(lavﬁﬂgdl rehegds @¥¥y 107RY/0chadgésliteetion mddickingtebé dgloweeed oake! s.

Addi tionally, although the direction of power and gas changed during the
aforerrerﬂuﬁf'érgéﬁjm{lﬁcﬂe’éﬁgﬂ it should be noted that one of these conponents
could remain the sane while the other changes. It 20 should al so be noted
that the tinme could change for each process, and that increnents of 5 or
10 seconds i sAlttmtiglathis edangtlé BrlireMed abareA] etbioprocedsét ghowkk beaapprackrdedyas 1 ow

could f ow dj ffer t hat .t he a at different
s ddRIAE e SPUEQe chaned 16 aah T A A IHaT e o Bt B3 par L al
in part 'r@(!l & &slldPBe @l@aggedfo dich B8NS ofRRnaldi@ls IhAGAIRE diefecBidsy A sektion of an
entire reC| pe. On a simlar note, it should be notéed that 5 25 process

st eps i shewnpingprbéass pastigncansist ofethentypes of gases eud/ex efther gﬂ@rﬂqyera&smdct ed to
20so°28 e REhE B e R BB BB RETED o0, o
exanmpl e thd figedBeMBT p&ieér a8 ets changed during the aforementioned process, it should be
noted that one of these components could remain the same while the other changes. It
20  should also be noted that the time could change for each process, and that increments of
5 or 10 seconds is not a limitation. Moreover, both the power and the gas flow could
follow different time scales such that they change at different times during the process.
In addition it should be noted that by partial, in partial recipe 400, it is meant that the
recipe is only a portion of an entire recipe. On a similar note, it should be noted that 5
25  process steps is not a limitation and that more or less steps can be conducted to process a
substrate.
Fig. 5 is a diagram of a power delivery mechanism 5 00, in accordance with one
embodiment of the present invention. By way of example, the power delivery
30  mechanism 500 may respectively correspond to the power delivery system 34 illustrated
in FIG. 1. The power delivery mechanism 500 generally includes an RF power supply
(or generator) 502, an electrode 504, a match network 506, and a high powered RF
switch 508. The electrode 504 includes two coils, and more particularly an inner coil
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30 nechani sm 500 may respectively correspond to the power delivery system
34 illustrated in FIG 1. The power delivery mechani sm 500 generally

i ncl udes @ Bfozpewer supply (or generator) 502, an el ect redeyw94sc2a nmat ch
networ k 506, and a high powered RF switch 508. The el ectrode 504 includes

two coi |15§9 gg{}‘gn g?%{e%dggf fazﬁ %ﬁ a{rr¥ S%P?—l'cﬁ‘l’f'}%o upRidlto e RYELRE! Q3502 via

PCT/ USO1/ 512 ich are electrically coupled to
the RF phekigh poppled RE0SViwdhas 08t Aﬁ:hbu@lhh@mmsmﬁ'thOWOEthwmhoﬂJgh t he

| | sh d that thi
ot a | s Rt el i ik pyGHOR: A8 edinstiad Of Mot MERESATobaR, of the'
coi | s My ber Hwkbisasy B@s&ﬂ?&leﬁﬂfo BRVET p SR RIp1H 882 tHeessuhaksia gpamuﬁ patially

5 where the RF power 1s coupled. In one inplementation, the h powered RF
swi t 6h wsherezthnfﬂfgmvm ig @Ublﬁdf a{spn@mniameldam@, th@éughmwmélﬁd:i% isettl es,

which is t t he r st, the
subst r at8™ %{g‘ffﬁ‘g Qt%’ tggf Ogj@ﬁﬁe ﬁ?:)e ?g%epi@?ﬁge deI?gh %\c&]lt’ %%:I{h%ower

Swi t chi ngddraif aslideRans BysvitbirgpRe] fhe eebsthtctibitlsde séadivme dwlﬁporsﬁé es fromo0.1
Hz to 100 Hz woul d be conmmon. The power distribution swtch ma 10 al so be

ar r angedveiagoef the dﬁh‘éﬁrﬂ-ﬁo"t’qrnﬁ“é@hlné raipg depead A Hhe speFilichat th d Frsé%/or k 506 is

gener al | g{;qﬂ RF power
supply béb%t%%&gﬁét c% net IIIQE’ S arrange&o??%&@%%ﬂgwﬁ%gﬁance

bet \tfmen aﬂd@é)e\i\uﬁtangttd r;cofworklm aIRlep;:xmﬁscakinEilltjzlleﬁﬁiﬁr@ﬁm mdéteh pbiam:ﬂafﬂﬁlﬁmd éLS In
nost cases en ches | e 0 system
changes. geima%w@?osz&ﬁée gg)}%}“ggh B?‘ﬁ%}'ﬁggﬁ s&gtcfx Hﬁg Fﬁﬁ‘rﬁa@%ww?rss erally
differe t'ﬁﬁé&g t'\x{?ﬂ‘? %nFAE pQIhES b bn tRSufpebs the

mat ch ngio % ﬁnee S %e a g%%?%atggﬁhﬁgﬁ rapi dlf/tgjgrntheu??stem has to
be desi gheﬂ]?lpnwsnmppbrm;amnhetplia:smdhmén t have to adjust at all. 20 In one

enbodi nent, the match network 506 is a fixed match network. That is, the
mat ch network is designed having a set inpedance between the power supply

and fshe pl agfAgdsP@es, WheR B dydiehesarthed dodB, the BepddanedomBt efktaet work i s
arranged to match the  inpedance between the power s;ﬁply and the pl asma

| oad gervbrrgesd That is, fike impedpnasgirpducpd attbe irmpscdihig diffement thea thower
del iver Eir%pgc?an%g gro(aﬂée%rat ?l'?' clutér coh.ngg &?c%?&xe&r?at&omm% fefis to be able
to adjust rapidly or the system has to be designed in such a way that it doesn’t have to
adjust at all.
20
In one embodiment, the match network 506 is a fixed match network. That is,
the match network is designed having a set impedance between the power supply and the
plasma load. In one implementation, the fixed match network is arranged to match the
impedance between the power supply and the plasma load generated by the inner coil. In
25  this implementation, the power delivered to the outer coil is increased to compensate for
the reflected power generated by the impedance mismatch at the outer coil. In another
implementation, the fixed match network is arranged to match the impedance between
the power supply and the plasma load generated by the outer coil. In this
implementation, the power delivered to the inner coil is increased to compensate for the

30  reflected power generated by the impedance mismatch at the inner coil.

In another implementation, the fixed match network is arranged to have two
conditions. One condition matching the impedance between the power supply and the
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the refl ected power generated by the inpedance m smatch at the outer coil.
In another inplenentation, the fixed match network is arranged to match
t he i npedwoce/betsween the power supply and the plasna | ot Tgeoens2ed by
the outer coil. In this inplenentation, the power delivered to the inner
coil isj Eﬁg&p@ o, ; - I rated by
t he irrp%%%%gggntf rﬁl%l%}: t ?ﬁg{e?ﬁ%grw%gﬁmé%ﬁﬁgﬁgﬁﬁg% | ennggfdéj?i on, the
fi xed ndietieen dheymrvier isspay mad gedglismalieadgdnemteddgnitic outen soil. dnethisondi t i on

mat chi ng t he i ppedapce between_t.he power supply, and the_ -26, WO 02/ 03415
T LSO IR S5 g A eGP 2 L R S0Pzt sdmarid
condi t1 qfl. AR GehiaicBRAANG e HRLME €014, NG RORRSHE 1Rl oh Ve Pl asm
| oad gener at eg%y%teﬁe gut r col .el n@tﬁﬁi $1 [ yI%ement atign, theon’atch

net wor k ieer and euntgechilsarsairangad behave similarpepedaoes’s sudh theittbematdhe | npedance
generated by. each of the djsti.nct .coils. In t. anot her. i npl egent ati on, the
L hher TahEpr B gt feCRaih B e e biwest bYGions PR Fi o8B0 cuch ' ha
the match network is arranged to match the inpedance between both the

i nner and outer coils. In another enbodinent, the match network 506 is a

t unabl e mat cHn peathesrembodimentsthe swichingtvasl 506 InmtvaRble meateipriwarkcBatipder

w dely changi l.o ' C I .1 K . t unabl e
mat oh” ndPaoRee e B8t HEBRLR0AR, SRR AL St e SIS condfichnRE U o
changi ngopataaipé,elistunbibsle wekitéionetiwuik i edpablersfneaAcHifg thedi@edadice &ita wide power

magni t ude,. power tinme, gas flow rate, chanber pressure, chanber tenperature
and t he vafipty of changing prainelerrdrd nling bR Lgwtrd ta) pver duecidds PAVHat t met er

not sh . . ' r ower. As
el | B BORR b as HHLID OlfibePBicth OB BoBipb Bl R PO DL

m smat c Hikbe Thebmablheael pettvorkngendatiy ncbides hevattgetar(asichoenilatrdngep! asnma

| oad. Accordingly,.the wattneter,is. arranged to , deternmine if he | npedance
of the SgetoGmRSE E‘Pfgrf@’é’%ﬂr %%Wﬂa@f@@m‘ivm Y 6 il Kpopman e %gefie&qﬁr rod,
t he un %Q{N@r RV B ahYOhKreGaR nﬁ&b#«% bét@eéf?ﬁmﬁ Bu{pﬂ?i nagthriRpedance. 20

Fig. 6 i's a diagramof a power delivery mechanism 600, in accordance with
one entgeutiratenandohe plasmprlesk Micdordregly,itbawatByetanis avfangedhivpletsrmiteal power

Sl vy SIS0, o, SR VL) B ERROTE R e ol e ey
gener al ke tafffle htch MR twWbRTAR adjust to match the changed impedance.

20 Fig. 6 is a diagram of a power delivery mechanism 600, in accordance with one
embodiment of the present invention. By way of example, the power delivery
mechanism 600 may respectively correspond to the power delivery mechanism 34
illustrated in FIG. 1. The power delivery mechanism 600 is generally used if the plasma
and coil impedance’s differ substantially. The power delivery mechanism 600 generally

25  includes an RF power supply (or generator) 602, an electrode 604, a first match network
606, a second match network 608 and a high powered RF switch 610. The electrode 604
includes two coils, and more particularly an inner coil 612 and an outer coil 614, which
are electrically coupled to the RF power supply 602 via the high powered RF switch 610.
Although the coils are shown as two concentric coils, it should be noted that this is not a

30 limitation. As a function of time during the process, each of the coils may be switched to
the RF power supply 602 thereby changing spatially where the RF power is coupled. In
one implementation, the high powered RF switch is configured to be fast compared to
the time the plasma settles. By switching fast, the substrate tends to see some composite
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and coil inpedance's differ substantially. The power delivery mechani sm 600
generally 25 includes an RF power supply (or generator) 602, an el ectrode
604, a fiwstozmeish network 606, a second nmatch networ k 6G%T1amdiasdis gh
powered RF switch 610. The el ectrode 604 includes two coils, and nore

particul ' ' 1 ) 5 G

electri & g\gljfi%e gfgt&lf) Pglg&%rofffu%wé&éugg%é@?%glﬁ ﬁt Iglg %hﬁ@%rhgbﬁ%en%%% red RF
switch GHfosedMeteamghe biiter cail 618+ ade¢hshigipowsre\iRF swincheditdy and hosémndi t
shoul d be noted that this is not a 30 lintation., a nction of tine
during tq*?é‘r’]fbﬁ‘%\é’@’é%, %@W%FITXW@OEWP@% IEWP%@ZF%C{#‘F@I’RF power
supply &-Pﬁﬂﬂ ' & GUBMBIe firSt RALR! €d. 1N
one inpﬁ)&%ﬁrg%{ﬁ%{]f%{t t he W&l&g%?e%yg@svﬁ%%?confi geured to be fast
conpar edhetvork 6h@ist drrangedito phigk Hw ispeddnes betBges aipuhofithe REqower supplubst r at e
tends tq_.see.so conposite -27 WO 02/ 03415..PCT/ 1/1862 verage of the
del i ver &4 %%ﬁ%ﬁ%@&%?@?%ﬂ@ng &S u%%ﬁ?gﬁﬂ‘e Egaég‘% Oitge geé’ﬂ‘g‘fm ly

di sposegyEt NRRBrK 4B, tHélBboriGhatcibAdwarido(sie ahtbafedre wett@dhRimpatiahe 610, and
the second match network 608 is generally disposed between the inner coil

612 and betveeniogput pothe Rdopaerer sypnly f0%aml thwlasmadeas @eatedbby BEng thest nat ch

net wor k .606. . fir i t he

i rrpedan(%lé611 g lé\ggzn' %lu@%ueﬁ%)? h@g,ﬁﬁ@%@\%ﬁ&?%@%&@%@#%ﬁ%Qrte@a% asma | oad

cr eafped nitciasdtworksliss dudtibedcdble)b It andlidr enbedands, the fitshendeswondl mat ch
network 608, the second match network 608 is arranged to match the

i npedandeaichatwadks agyfpd maeh pefworys (plsat desgrpedAwy)- and the pl asma | oad
created by using the inner coil 612. In one enbodinent, the first and
second match networks are tunable 10 match networks (as descri bed above).

| n anot her efFpndiisrediagrachef & gassdelizery rsehamdm 708 mrachetiwmreksittaore fi xed mat ch

networks (also as_descri bed ahove). Fi 7 i di agram of a, gas deliver
Tochant SHEPGER Af 6 S ER NPT Lot SO eR Ry s ELEREn, nvent | on.

By way gbo &3 dpRetivdlf cQispsitl B %as'lﬁﬁ inSdPhdiisrA G0 BN aERSREEE] Vel Y
correspond to the gas delivery nmechanismb50 illustrated in FIG 1. The gas
del i ver {hmgehdalivery mochagisne?Ql gepeialy incliulss a ggasupplip 70Y (mgzs pox). g8ss box), a

di st ributi nd.. a,. i,strd bution,.sw.tch ok
i st r1 botsanton Pl 7h o & des BRERIAP TR e 21 bR LSRR dce o
parti culihidés ko kaViRfect8s pbifd, 86d ok RfidulaiBBan MAe @R it [@&S708N] ecti on

port 710, which are coupled to the gas box 702 via the %as
and an outer gas injection port 710, which are coupled to the gas box 702 via the gas

20  distribution switch 706. The gas supply 702 feeds gas to the gas distribution switch 706
through a first gas line 712, and the switch, depending on the switch condition, supplies
gas to either a second gas line 714 or a third gas line 716. As shown, the second gas line
714 delivers gas to the inner gas injection port 708 and the third gas line 716 delivers gas
to the outer gas injection port 710. As a function of time during the process, each of the

25  ports may be switched to the gas supply 702 thereby changing spatially where the gas is
distributed. Furthermore, although not shown in Fig. 7, both of the gas injection ports
may include a plurality of apertures for releasing the supplied gas. Generally, the
apertures of the respective ports are interconnected such that only one gas line per port is
needed. Gas distribution plates are conventional and generally well known in that art.

30 However, in order to facilitate discussion of the present invention, a gas distribution plate

will be described in greater detail in Fig,. 8.
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20 distribution swtch 706. The gas supply 702 feeds gas to the gas
distribution switch 706 through a first gas line 712, and the sw tch,

dependi ngweyy2iBeisswi t ch condition, supplies gas to eitherpca/s®¢as¥ds gas
line 714 or a third gas line 716. As shown, the second gas line 714

del i : +0. . ) . i 216
Gel i vers gas Witaiuds10Rle #2504 MET £ pBR 707 EDESANILRRe Shiefl D20 1) IE
during bphespe gaeasnifelddiaviag atphealy gpoidla limey 7% which arbednreotetite gas supply

702 t herebhy changin atially where the gas i di stributed. Furthernore,
1t houghaiauaEaRaoHRAG: Sovib TGy of RETENs (TS ORERS BEY 08 S8imy | ol ude
I i : j . j 1y, th

a plur a‘bb&ﬁé; 8{- ﬁagspcgfhh&érs%fﬂwugﬁ s@%ﬁ{@sm%t 4Rt &%g&aﬁ s%cﬁ?ﬂﬁé ally, the

apertures o espective ports are’iInterconnected Suc at only one gas
| i nespeungastbod that fieedad: a Gastadersdnd thattrhare opllest gas iatet lineceareiveedl and
general Ly well known in that grt. 30 ver, in order tq facilitate

di scussi ﬁsfafld%fﬁéﬂw&%ﬁﬁas?s e ?e"gg\égegﬁfié’ﬂo%ﬁﬂ 3R IRPLANES 1500 | | be
descri bedyd iy ghRat 8" THSLA fnldk fnds 76 afe gerdPulRoBBlcd dfhasslioh bRAdIERE23 W th
regar ds%tort#g gas box %021, tﬁg_sgas bo‘%( 792M§eon%1£eally ?ncl_udes_a hi gh

pr essur &1 ashinknaiefaptad géhifor nopteollpig ansll reguylatiyepsthe phramelarnassodiated wikhizh ar e
connected t,o .. individuyal. S, SQUIG not .sho . By. of exanpl.e, the
gas soul Lbuting aﬁsﬁiudlﬁgﬁPT@g?Wﬁaéé’%@ dé s.gasﬂ{%%%ﬁs_%oﬁgggur gas
inlqb | pRAsuraMEachpaWhas jtd ovedRudsdIdve controlide Bhdmakstiitdd cdrtiodleiss7180t a
limtation and that nore or less gas inlet lines can be used. The standard

anount @&fnegalbeinchidd avabiedneisbowmand asiara meter ket shown). dhe Jow meter isnes i s
| . 8. ' ' |
PFow cotat Bfhin ol Bs e e flw Hrbis SAAnE BeBFAGLR, aot FOLBVER P TROS

t he par apuRing adseqRedir@tand hlow préisate mbrifdld 20 Aashdvag lthiliomg, but not
limted to, gas flow rate, gas mxture, gas ratios_and_10 pressure. Each

gas has prqsslr@wﬁfakis72f0|iaw1@qgwbiw Wagre thegasenaie mpixedy ARk beer s 718
genggal B%;?ﬂeclﬂgt'eHT Cont DI le%a%ﬂﬂggvl‘él?? ﬂ&%ﬂﬂtréﬂe?é"’tﬁ@ a%fchérﬂjr%gra,s wn) . The

fl ow met r contr I ng ast the gasés ffow t and thus the
pr essur eatioaand flow ratel ofdéhd mixed gas cantbpidjlsteg. dhd mixtpread gases agathen feda | ow

pressure nanif 72Q. As shown, the |ow pregssure manj 7 i ncl udes
Pubi ng. GHaravs fef i selesdieahimiin ceae e GRtiston sk Gbat Ty
control kidgaeRedy@f, the mass flow controllers, the gas chemstry, gas

ratios and flow rate of the mixed gas can be adjusted. The mixture of gases
are then fed

20 Upon reaching the switch 706, the gas mixture is directed to one of the two gas
injection ports 708 or 710 via one of two switch conditions. If the switch 606 is in a first
condition, the gas mixture flows to the inner gas injection port 708 via the second gas
line 714. If the switch 706 is in a second condition, the gas mixture flows to the outer
gas injection port 710 via the third gas line 716.

25

In some cases, switching transients may be encountered by switching between
each of the above conditions. That is, the switching may cause the gas injection ports to
release a non-constant or pulsed flow of gas. These switching transients may adversely
effect the formation of the plasma or discharge and may lead to the back streaming of

30  plasma gases into the gas lines or the build-up of particulate matter in the gas lines.
There are many ways to account for these effects. For example, one way may be to
lower the conductance of the gas flow through the gas lines. By lowering the
conductance, a switch may be able to be made before the gas exhausts out of the gas line,
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to a valve 722 for releasing the m xed gases to the gas distribution switch
706 via the first gas line 712. 20 Upon reaching the swtch 706, the gas
m xture i wolkiyoegitsed to one of the two gas injection portciddo9nsssi0 via
one of two switch conditions. If the switch 606 is in a first condition,

the gas _m r ! (Ra] =TIl n]-%p‘;, | second
gas Iir?gh};‘&lg’. EP:{elu??’]‘gteé%s{t%ﬁo}}g%ﬁoggﬁn%y'gggg%% C nd?¥§§%ﬁd€%%ggs m xture
fl ows t qvdytie 1ewuérahe c@sctanjeastihegns bk tmayIid tuimcrédse its bingth. gas 1ine 716. 25
In sone cases, switching transients may be encountered by sw tching between
each of the above conditions. That is, the switching may cause the gas

i njection port: : - I I These

swi t chi ng traﬁrlg'iste%tp éﬁﬁ%gé%@@garrgg{&y&&gﬁ ?@6(}% plt9 ﬁeggp b]?ﬁg{g[apgﬁﬁ%ﬁﬁglﬁgtﬁgl asma or

di schar ges disttitmtipn pléci8Q0omeyesiratikely cowaspond taothe 30s distibntionpkitss3d nt o t he

gas line r the i]d-up of,.particul at tter. i.n.the gas lines. There
are nman ﬁ'\‘i\?g?gedtl% ngécll()mepgaﬁ rdlsE né’b%%%? .gerEBar“YéQ%{H%?Sea% & PRES ey be to
| over t 3@y GRA AN 6hRPE&BH SO ErHdasnck baMiohB02 tggﬁuerm??enﬁaﬂeé h PRSalitPyf| overing
the conductance, a switch may be able to be nade before the gas exhausts

out of tilmer gpertireng)6 fopelaasing 2/gp8int e apameUSgonEeIBoestichagiber. Haghseudo

steady st.ate of qgas fl may .be achi : way to
Cower ¢ REdegnttabanst B FRingSaRidled G Roe Mot G tnRlefaRRLE i {12V 1O 4
depiigt s dasristRAPIRE B0QaS upleditd bt irPlr AsdhRcB8OporBihonehoval). Sixdlplye, the 5
gas distribution plate 800 may respectively correspond to the gas

di st ri bahd grerpatien 304 ganepdly ingledes pplyrpldy of outer apeyagesdi0StpT ¥151A2SHE 24pl at e 800

Dies & . 5L 7l o
Pmner - pobt 1 B3 R R pr AR el AR R R BEr R BB R o2 B0s

for rel e@sicogndt@s ohe biothdr thiongh ciapgeloin ik gas pistibassn phandrandEach of the
i nner apertures 806 are_interconnected to one anot her, thrgg&h.channel s in

the gas cowpled & 1 @Hies &9 ipjecice PaudnetFhowa) p‘?’Jé]&O“th PR tePlgHetohiSect i on
POT 45 (NQf R P e aparilldsB0b Ynd g%%?t}cs‘i’i’clﬁﬁrlier}%éd 5 f04 BRAGLAibN haycbdides a

plurality of outer apertures or releasing a gas INnto an outer region
of a pr asak For bauminde,.a sadhamitutdeaphe eseddap bothihe smsO@darder foniesconnect ed

to one ag tdli]s%x[ib&tﬂ)rn%ﬁlggs a%g %vréﬁ | gw}a r1]11 I‘hgearlga%ﬁ fgll‘ t?lté rsa!tkt?eu(;[fl b(r)er:]vilgll vgitllenoé%gg and

discussed in greater detail.

20 As can be seen from the foregoing, the present invention offers numerous
advantages over the prior art. Different embodiments or implementations may have one
or more of the following advantages. One advantage of the present invention is
increased process control. By way of example, the present invention can be used fo
control the concentration of ions and neutrals at various locations within a plasma

25  processing chamber. In order to achieve greater spatial control of the process, the
present invention provides for spatially modulating the distribution of components
among different locations within a process chamber for a programmable period of time.
As aresult of the increased control, uniform processing can be achieved to a greater
degree than possible in the prior art. Another advantage of the present invention is

30  reduced cost and complexity of the system. By providing a distribution switch, only one

component source is needed and therefore the cost of the design is reduced.
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coupled to an outer gas injection port (not shown). Although a certain
configuration is 15 shown for the apertures 806 and 808, it should be noted

t hat ot hewwgcnbigur ati ons may be used. For exanple, a singleupesdsre nmay
be used in both the inner and outer portions. Gas distribution plates are

wel | known in_ t.he art and {or, t he sake. of. brevi | be discussed in
greater det aﬁ’}.”?%sﬂ@ve@gﬂn & l%eggﬁe Cf%’ﬁﬁl ﬁhtgg?%%/%%%?r\r%dgélje{e%%hpresent i nvention
of fers BHEBARIRLs, AMARE ABAEH Eperhliations, ahd aftivalBhth hrdctnfallevitiontieent s or

i npl ement ati ons may have one or nore of the follow ng advant ages. One

advant ageopsfofiieinyertiantlt shopkihalsehe nefed thattheresgrimepy abeB2ltghveXsiof By way of
exanpl e, _the presegnt i.nventi : centration of
i ons angnﬂgmeagxix%&lgtm%ord%gﬁ% Q&Oa%%.}?ég%g Hiv%ﬁthﬁslteﬁt 139%?%2 ?ri?aOlIZ p gégessi ng
chanber gjthsughrii@sodisondatddtiveryahehheismsp déscebedandshownaf tdrhs ofrocess, the
present invention provides for, spati alsiq))/ nodul ating the gi stri bution of
conponeitasmazeastay fon Frpeaseing seBicanqustey sppsirgiss, %S beroted hahather or 4

progr a”ﬂﬁs@&ﬁs E’o‘?{l)(jé anéﬂheef/tié%qgegﬁré&n’é&%ﬂé be At c6ﬁlﬁo¢]eﬁ‘€&éﬁz%?§jnﬁ&%is%., uni form

processing can reater degree than possible in the prior
art. An@ohetangsly,dnis ageemplatddehgribs entiponeueddlivery mechafismezbuddle ewsdin and

conplexity of the system By providing.a distribution sw.tc ly one
conponeﬁ%oséﬁﬁﬁlé@diué%ﬁ@@(ﬁ%ﬁl%ﬁ StFW_élnéﬂl _ %rFé‘nﬁ%é’fp?{fC{]epﬂ%%%&‘éﬁ?’i s reduced.
- 30 O ?t?én%%é{rp? éﬂd§9ﬁlﬁa11§&12a1e¥1‘h_ba{1%a,%&'c@?bm&fmvﬂiﬁh?ﬁ@nvdﬁcﬁcrI bed in
terns of several preferred enbodinents, there are alterations,

per nut atlepositionsa @Y DBguitvad spotteringhindithé ke, apimeHiap, driietchingpplasp etching,

i nvention. .It.shouyld be noted that there are ative ways of
i mpl eneRfa°HY® mﬁ%&%@@ﬁaﬁ&n%ﬁiy& RICHS 5?%%%%?@%&%@@“ on. For
exanpl e eleetrgh ERISIEH fekhaf @ WURONindiBk liker FurlfeeRar, £18 also destemphed and shown
internms of a  plasma reactor for processing sem conductor substrates, it

shoul d Iflest st eosnponent detivesy mesharisamsowld e @pplig 19 sysems aetside@bes and net hods

he "Sonsanear Ry oy S FEEER R gt FERIM Sordek diS BRRETIIRL T

processi ng systens including chem cal vapor deposition (CVvD), 10 thernal

CVD, pl asma enhanced chem cal vapoar. deposition (PECYD)., physi.cal vapor
P It is therefore intended that thFe) ollowei\gg appenged c(lalm%e)1nteppr¥ted as P

including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention.
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deposition (PVD) such as sputtering and the like, as well as, dry etching,
pl asma etching, reactive ion etching (RIE), magnetically enhanced reactive
i on etchiwe MsRSE), electron cyclotron resonance (ECR), pndydoigsd2ske.
Furthernore, it is also contenplated that the conponent delivery nechani sm
could be applied to systens outside of 15 sem conductor processing. For
exanpl e, magnetic or optical storage disk manufacturing. It is therefore

i nt endedwhheis cldied @:1 owi ng appended clains be interpreted as including
all such alterations, pernutations, and equivalents as fall within the true
spirit and scope of the present invention. WO 02/03415 PCT/ USO1/ 18623 What
is clained isg B&h &ﬁhj et abeTal i i bédds a
conponeﬁ inslglxg:jaem &S{rig%gg@s Sec ar%l:fé)?dt he %@%%%%ﬁ?nég%iﬁ%édeﬁg to process
a wosk phemberwihekompoiwnt peing @ssl tohpaodses 2 worltecowitbinghe prpeessebayberechani sm
conprising: a plural.ity of  canmponent.outputs for outputting the conponent
to a deéﬂﬁgwlﬁcg’ﬁpﬁfﬁhv‘a‘g'r?%@aﬁﬁ c EYBPI vber; a spatial distribution switch
coupl ed to thgphalifyfichipeherf OURRREDBE o@piitEHE the dofiondi 16 pAetiadd rdgisar i but i on
switch being arranged for directing the conmponent to at | east one of the
pl ur al i tof thef proeasporpariter;out puts; and a singl e conponent source coupled to

the spatial distributi.on SW L i i ng
arranged for aé@ﬁ%@@fshbbﬁwg%tﬁgg%@& ?’ﬁ%ﬁ@%@ﬁ%%ﬁlgﬁfﬁt@%gﬁé swi t ch.
15 2 Theate)apeititibn dwittly Béilg bRahRdifsndifstingtetcethpbiet t@biiedst wvheofi n t he
plurality of conponent outputs include at |least a first conponent output
and a s W%@&?@Fﬁom@ s;28hd wherein the spatial distribution swtch
has a first alely ! ' ' . | ppponent

out put, and %%gife!:%%%o coélngt{st%ﬁ%dﬁ?ggﬁlrg g(t:? @%gp @%@%8{@8%%?%[%&?%&? e second
conponeonPdhgl sourde béihg awarged fendupplyingthe yompateahioshe sgatinbdistribdtiom cl ai m 2
wherein the first conponent output is arranged to output the conponent to
a first S?"’é@hon of the process chanber, and wherein the second conponent
outpyt is arranged to output the conponent

2. The component delivery mechanism as recited in claim 1 wherein the plurality of
component outputs include at least a first component output and a second component
output, and wherein the spatial distribution switch has a first condition, directing the
component to the first component output, and a second condition, directing the

20  component to the second component output.

3. The component delivery mechanism as recited in claim 2 wherein the first
component output is arranged to output the component to a first region of the process
chamber, and wherein the second component output is arranged to output the component

25  to a second region of the process chamber.

4, The component delivery mechanism as recited in claim 3 wherein the first region
of the process chamber corresponds to a center portion of the work piece, and wherein
the second region of the process chamber corresponds to an outer portion of the work

30  piece.
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25 to a second region of the process chanber. 4. The conponent delivery
mechani smas recited in claim3 wherein the first region of the process
chanber coigeapoRds to a center portion of the work piece,pcangsovigy2e¢i n the
second region of the process chanber corresponds to an outer portion of the

wor k 30 pi ec -32 / 4 362 . .deliver
mechani 3521 as %}hgg??g%ngaglﬁ)\gl g’fa%%#g?#eéﬁeg%gﬁ%ﬁlgwh%?%ﬁrﬁ?%%lﬁgn SW t%:/h IS
ar r angediigifibutiod shvitcle isagtanged tocaodlilite daisvebn capitions tb gpatially didihge thee
conponent inside the process_ chanber, during, processing. 5 6. The conponent
del i ver wompenhinsidedhe prspssehamper duENEPOCGFtEi n t he spatial distribution
swtch is arranged to stay in one condition for a predeterm ned anount of
time to effect the concentration of the conponent inside the process
chamer aur i Mhe cpmposs delgvery thedhanisheasrecipdniarlaitidl wharein thesgatiai sm as
recited jn _claim1 wherei nﬁ‘ihe conmponent . i s_.a gas ous.s%?rce erial,

wher ei n digiEbuiion grach i asEErd tostia imonp sondition;fog g hedpterpynediagaoug ol vi ng t he
gaseous (SalGerfah S Rbatr A d&’ff%r ohbBf QIR g%ce%}ﬁﬂj;b%_r &irfhgdas
injection ports for releasing the gaseous source material into the process
chanber prdcesdtog. The conponent delivery nmechanismas recited in claim?7
wherein the plurality of gas injection ports include at |east a first gas
injection port and a second gas injection port, and wherein the spati al

di stjpi byt i on mﬁﬂc&ﬁ?oﬁ@ﬁ dativery SecieRng id efiteddh CBEhI INGnrBR theasiRBHEns OUr Ce
material to the fitst gas injection port, and a second condition, directing
t he gasépugassousrsourcaaateniall wheyeintibe singlo nempeneni sjuses is@rgapevaply box 9. The

conmpone deljvery nechani smas_regited .in.claim i rst gas
inj ecti SIPF sﬂJ‘BPffy’qgstM%g?sgﬂ'éseﬁ’uf‘@ I%t“%%saél%t%eragé%eo%oﬁ%ogéﬁtrc@tﬂg% térr%i aIL‘ into a
first rege@bnPorts f6r reRASIAE B LBOND Ssurceumdieyiliin® the pheesachantegas i nj ection
port is arranged to rel ease the gaseous source material into a second

region of the process chanber. 25 10. The conponent delivery nechani sm as

reci 1tsed 8i. nc lfﬁle %I%péme% ﬂgl?vew&er:ljlaﬁmﬂn EGQLIOR in claim 7 wherein the plurality of

gas injection ports include at least a first gas injection port and a second gas injection

port, and wherein the spatial distribution switch has a first condition, directing the
gaseous source material to the first gas injection port, and a second condition, directing
the gaseous source material to the second gas injection port.

20
9. The component delivery mechanism as recited in claim 8 wherein the first gas
injection port is arranged to release the gaseous source material into a first region of the
process chamber, and wherein the second gas injection port is arranged to release the
gaseous source material into a second region of the process chamber.

25
10.  The component delivery mechanism as recited in claim 9 wherein the first region
of the process chamber corresponds to a center portion of the work piece, and wherein
the second region of the process chamber corresponds to an outer portion of the work
piece.

30
11.  The component delivery mechanism as recited in claim 9 wherein the spatial
distribution switch is arranged to modulate between conditions to spatially distribute the
gaseous source materials between the first gas injection port and the second gas injection
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of the process chanber corresponds to a center portion of the work piece,
and wherein the second region of the process chanber corresponds to an
out er porwiga/dfist he work piece. 30 11. The conponent delpcarsoiAshani sm
as recited in claim9 wherein the spatial distribution switch is arranged

t dul at e bet conditi f. tially distribute th

ot o1 | aPaT ARG f1a ponRaon Ebe BEROl I TG DA LSt ) ect | on

-33 WO ggég)e%ggg)réc%g;{atsgg fesB23nRAbdr duligh pRYcefifgect i ng the concentration of
e mater

t he gaseous sour al s between the first ~and second region of the

process chanber during processing. 5 12. The conponent delivery mechani sm
as recited in claiml wherein the conponent s energy, wherein the single
conponent source is a power supply for supplying energy, and wherein the

conpgnend, outipytsmpbRent HeitteiPa@cHRishBasire¢itdaria dLbeh NowhdteialtRE Edthsorfehe! d
i nside the process chanber. 10 13. The conponent delivery nmechani sm as

reci t ed iy mergyaiheen esinglacamnonpitispeice i3 poyerenpely focupplingenerih ude at
eost 2 Vel B RIS oo ROTO PSR B BB gl <111 ULl o7

switch RAs"aFIrs Ion, recting coil, and a
second ¢iddithé proceddichesibeng the energy to the second coil. 15 14. The
conponent delivery nechanismas recited in claim13 wherein the first coil

is arranged to produce an electric field inside a first region of the

progess 1gha i Hens cai:l [g=10Ts) ce an
eIegﬁriégTigﬁgéfﬁgﬁggmghgggﬁﬂ%&reglgﬁgg lﬁgﬁ%cgégggss cﬁggﬁaga%ggPIS. The
conponenf eldatadeenils metitani bastasirsteoiltaad aisacandaion dntl whereimithe sgagiaf i r st

oi oce,  oGRB U BHA CEL G RGP o cRC IR R Ror r csponds 1 o

an out ekl bbRBtidH, dﬁﬂ_&@tin%’ﬂ%_élsné?% ©8he sRod@coilne conponent delivery
mechani smas recited in claim 14 wherein the spatial distribution switch

is arranged to nodul ate between conditions to spatially distribute the

energy bgtuwe THe ?Qn%éﬁén? Hetfy mBn RS $EGRAGn ERixh 15U off ASFLdi9 the

concéntration
is arranged to produce an electric field inside a first region of the process chamber, and

wherein the second coil is arranged to produce an electric field inside a second region of

the process chamber.

20 15.  The component delivery mechanism as recited in claim 14 wherein the first
region of the process chamber corresponds to a center portion of the work piece, and
wherein the second region of the process chamber corresponds to an outer portion of the

work piece.

25 16,  The component delivery mechanism as recited in claim 14 wherein the spatial
distribution switch is arranged to modulate between conditions to spatially distribute the
energy between the first coil and the second coil thereby effecting the concentration of
the electric field between the first and second region of the process chamber during
processing.

30
17.  The component delivery mechanism as recited in claim 1 wherein the work piece

is a semiconductor substrate.
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the electric field between the first and second regi on of the process
chanber during processing. 30 17. The conponent delivery nechani sm as
recited iwool2amsl wherein the work piece is a sem condumcavu®whsds at e.
-34 WO 02/ 03415 PCT/ USO1/ 18623 18. The conponent delivery nechani sm as
recitedign ciraé Bachpyiear gélivelhaedamiRaneitcitedah clagn)l wiketiathsemmnesed i n a
pl asma reactor to effect the amount of ions and neutrals inside the

pr oces s ddivenbmechanisas istused i # plpsmy repeiptoseifechibe aptornipidens and negirals

2 or ot bR R oRR o RS R o PR e 0 it i me Tor

the processing; a power delivery mechani smconprising, a single power
source for generating enlelégy sufficiently strong togiat%ni te .10 and sustain

the pl ad®m; Arspetialdt snirelledpliasraaireasior Fk PHRRRETING & SHRsH A SIRIISE r ode havi ng
a first coil ol o[ MEW L5 EdnitR8 LA s R8O produce
an electric ?‘qur&gssﬁcr@iﬁ%gpg’l |rd§1%wﬁ%§1v%/ge¢1 ?%a%cﬁg?él%l? Hilkgsprocess chanber and
the secpriesitig, being arranged to produce an electric field inside a
second power region of the process chanber; 15 a power distribution switch
di sposed bet d@eWet ¢RAVSHBECIEBITRSOIYR ¥ he i nner and outer coils of the

el ectrode, the POWRLl ShidRUIrbOR: Whirbihd\Slohgy RERABURKLHoAE o HiaCti ng the

energy of the power e between e inner and outer coils; and a gas
del iwer mdmstaamtteplasomyri si ng, a single gas source for generating a process

as which is used in rt to armth | agma ;an e
gubst rate; a fi rsf‘nﬁlggﬁr?éﬁ c&gﬂeégo ﬁ’grptow(%%oplﬁ%ed%‘qeoel?%ugdég%‘ﬂégg?%g&phe first
gas inj g&d h Ston®ebil, theHRY cal bengadadged tepdsce ihdeqfioGeldingdsa findto a fir st

gas region of the process chanber; .
power region of the process chamber and the second coil being arranged to produce an

electric field inside a second power region of the process chamber;

15 a power distribution switch disposed between the power source and the
inner and outer coils of the electrode, the power distribution switch being arranged for
directing the energy of the power source between the inner and outer coils; and

a gas delivery mechanism comprising,

a single gas source for generating a process gas which is used in part to

20 form the plasma and to process the substrate;

a first gas injection port coupled to the gas source, the first gas injection
port being arranged to release the process gas into a first gas region of the process
chamber;

a second gas injection port coupled to the gas source, the second gas

25  injection port being arranged to release the process gas into a second gas region of the
process chamber; and

a gas distribution switch disposed between the gas source and the inner
and outer gas injection ports, the gas distribution switch being arranged for directing the
process gas of the gas source between the inner and outer gas injection ports.

30
20. A component delivery mechanism for distributing a component inside a process
chamber, the component being used to process a work piece within the process chamber,
the component delivery mechanism, comprising:
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a second gas injection port coupled to the gas source, the second gas 25
injection port being arranged to rel ease the process gas into a second gas
regi on of wigwspisocess chanber; and a gas distribution swigahysigensed

bet ween the gas source and the inner and outer gas injection ports, the
gas di stri but)i.gn s¥irk SourPLIR Gurididif gfedc gizrecting the process gas of

t he gas sourr(é:leC fbhgt ween t he O?nn@{ﬁa% Ol?t}lg{mga’s injection ports. 30 20. A
conponent dehispaiay disaitudion switélohaviligs singlatinpyg fer reemyiog éret comngel a pr ocess
chanber,. t he conponent being.used, t rocess wor k. piece.within the

pr ocess TORY QP{%BOIF%S%%Bﬁ%?@G &F%&%W&’t‘?@@?@ﬁ?ﬂ?d l_ﬂ)t%ﬁ%i ng: -35 WO

02/ 0341g;sEhatoidpQild dotbisonert, HOERPOE RAviBE b 1685t b Hrst TuREitivh Wrdelifg gRNPoNent | a
spatial distribution'swtch having a single input for receiving the
conpbnepempémeantihrorghcberfivs enpus end & sgcont donditions directingithe sempereplit and a
second ﬁﬁtﬁ t.for S rﬁﬁr gi ng the conmponent, the switch having at |east a
first cbhg t&ﬁ,sec&’fl SEW g the 5 conponent through the first output, and a

second condi tf RAst adirki@elripogert detpapambNeBdnd Edinsunght dlisutsthediist out put ; at
| east a first conponent out{)ut and_a second conponent output, the first

conponeAPMBRASHLEUDE hringeupled do the firpeoutpyt of theppiial distripiionsydicheand

di stribuyti ] i coupled to the
cecond St SheriidoneRimd By 8 EGRT KAPORGRY oRph Pl ORI 20 ¢
comenetdistribiitio switsh,artiedein @t firsir compionsittauymt isrerangedrfoo vatputtingthea fir st
regi on of the@groce?s chanmber, and wherejn thcg Eecong co 8nent out put is
ar r ange 8OMBPNHEER R first gegionolibeprsetschamper. aE whgRH the ‘?Cgﬁ SPPHRETISr ocess

chanber - r - LinSobnecsRiatbigh odtimtdrblidt i on switch,
t he con?lrl%flples%n%g ngﬁili‘%b%%ﬁéﬂge?rag{aﬁboé q%ioraecgoﬁﬁg %lheospatri{ral di stribution
swi tch bedmbenamit | east the first and second conditions so as to effect

the concentration .of the ¢ onent |j. he first. seco egi on of the
process charrﬁé?Pl.lt_’“?1 T fof cﬁﬂ?ﬁ@ggf sp&%@i@q{ﬁ)ngw\;\ﬁﬂﬁhgpgﬁg&%E)ﬂ(ﬂg conponent
of 3s pr esEPsuréEfok Bfecting the spatial distribution switch between at least the first and

second conditions so as to effect the concentration of the component in the first and

second region of the process chamber.

21. A method for processing a work piece with a component of a process recipe,
20  comprising:
providing a process chamber within which the work piece is processed, and
which includes at least a first processing zone and a second processing zone, each zone
representing a portion of the work piece to be processed,;
outputting the component into the first processing zone of the process chamber;
25 switching from the first processing zone to the second processing zone; and
outputting the component into the second processing zone of the process

chamber.

22. A component delivery mechanism for distributing a component inside a process
30  chamber, the component being used to process a work piece within the process chamber,
the component delivery mechanism, comprising:

a single component source for supplying the component; and
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20 conprising: providing a process chanber within which the work piece is
processed, and which includes at |least a first processing zone and a

second praeapazMmg zone, each zone representing a portion pfr/tdee 1885k pi ece
to be processed; outputting the conponent into the first processing zone of

the brocess SANelismARoRhalhamd { OMhidien! bhalroPigasap @p zone to the

second process zone, I Ng onent o the second
prOCGSSb&@B@QmEﬁﬁﬁnh@Qn@%@ﬁﬁ@enmﬁbam%@mndBahuﬂng@ﬁpmmpmmﬂmeﬁ@uﬁﬁ@:nechanlsm
for distributing a conponent insjide a pro 30 chamer he conponent

bei ng u&isiusng O5eity SWité]égeWtaﬂ?l’rg ﬁ%dla?%éléf‘s@cwmpo Phe

conmpone I kgl e conponent source for
suppl yi ﬁémtgﬁ’!éb}ég%%ﬁ%?t?%a‘ﬁgh LA 25] LAY Uso1/ 18623 a spati al

di stsibution switch having a conmponent input for receiving the conponent
fromthe single conponent source, and a plurality of conponent outputs for
di stributing the conponent, the switch being arranged to direct the

recei ved conponent between one or nore of the plurality of conponent

out puts. 5
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