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I nvention PCT/USO01/ 18613 The present invention relates to apparatus and
met ho f [ ocessi ng substrates such as sem conduct aies for use
in ICS@%B&@%%?ion or glass panels for use in flat pangFTQ#EQ#%V£
applications. Mre particularly, the present invention relates to inproved
15 processi ng sy SWITGCHED J/INIE X g substrates with a high
degree of processing uniformty across the substrate surface. During the
manuf acture of a sem conductor-based product, for exanple, a flat panel
di splay 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
transi stors, capacitors, resistors, interconnects and the |ike. During
deposition, successive |ayers of various materials are deposited on the
rface of the substrate to forma |ayer stack. For exanple, |ayers of
i'nsul at or, conductor and sem conductor may be forned on the surface of the
substrate. Conversely, etching maybe enpl oyed to sel ectively 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 fornmed in the layers of the substrate. Etching and
depositing processes and their associ ated reactors have been around 30 for
sone time. For exanple, deposition processes including chem cal vapor

eposition (CVD), ther %g o PR g%ﬁ%ed chem cal vapor deposition

PECVD), physi cal vapgﬁa undof 2 ch as sputtering and the I|ike,

as well as, etching processes 9 DEC 200'i WD 02/03. 415 PCT/ US01/ 13623

i ncludi ng_those adapted for dry etching, a etchin eactive ion

et chi ng (1 BFesent MR HRIsRles SR aER P snB ST BiFCGUTh O CRER £

el ©Shérdds A ESRUNORr EERRARERR usé IO fabdeiioh gldsk Pandieite ubeRNdtNt r oduced and
e

enpl oyed to various grees to process semn conductor substrates and display
panekse] displayrapplisationy. Mve particwlerly,dheprssent ieventior relatse fa oY anet ers t hat

lesng Ip?&:%sr.s?ng systems that are capable of processing substrates with a high degree of

e ——

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 masr be

20 employed on the surface of a substrate to form devices such as transistors, capacitors,
resistors, interconmects and the like. During depositior, 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 substraie,

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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strive to inprove is process uniformty. In the etch environnent g@' 2004
exanple, etch wuniformty is an inportant determ nant of unlfor e Ege

per f or gRNG ﬂnd device yield, i.e., a high level of ep¢huaigpsty tends
to |rrprove e percentage of defect-free to processed substrates, which

translates into | ower. c or the act s enpl oyed
herem?“d&&:thoﬁﬁ’rﬁdﬁw Wﬁ?' &”@ %@ﬁ%ﬂ&f%&@? ﬁb%t %‘ﬁg dé%)fre latchm;ro%:/ess
acr Oﬁﬁgﬁ t aﬁfalé@édereg»d{fvfeq&@etbmﬁg HQERME)?EI‘ebtréﬁ&ﬁﬂotfﬂxpﬂeed)mdeb ng, mask

vity,” un

sel eC erlayer selectivity, critical_ dinension control, and

pr of (BER); hmfcﬁleﬂlkﬂ,lhawe beerl mkred@qed@nébmploa%tcevms AeRFEPRT8dNOCeY the etch is
hi ghl y .uni form r, exa s expected that etch 15 rates at different
poi nﬁ@nlﬁ‘?i:‘dflﬁ@ gﬁtf’%\ y G?Jse substantially equal. In this case, it is

less likely that one area of the substrate will be unduly over-etched while
ot her areas remain inadequately etched. Although nqt ecifically

descri bedInpmcﬁmgﬁwmtesm&@@ﬁﬁtﬂfﬁa‘?ﬁ%EW%?]&E ’f Py is sinilar
to etch U rm.ty in th b ! réggpant of uniform
devi &8 'pé’rlfr r%ﬁéémpﬁ‘cf Ld"gflo“ﬂjg e é%{&%@ﬁvu&. :l{ti?g%xglﬁﬂerrany cgpl i cati ons

t hes gnifdrhitpaeat mﬁfo@ﬁﬁﬁﬁdt&gnﬁﬁﬂufﬁﬁlﬁ:&m@m;peb‘bmlmtanddﬁwgwl t different
stages during the substrate processi ng‘g O‘ten hi s u%to the presence

d
of nut.4 gk levajefeich wiformittenls tp FBRRYS BE REFER tagp B dEteS ) different
Eéocg %59&1 §u%9&’ét£se%?éhsgagﬁ esSHRTBYE: cofl fob HeaRiEECtiRE | Mg EigepaVer
ure, pressure, emstry, and gas flow may be required to
dranatanp&i}leﬂhehangmh\nmﬂomwwasﬁmﬂ:guaﬂgt@ltxgﬁﬁtpﬁamqt@ﬂ@ﬁﬁ%ve t he desired

processin rf or manc re, b e of the

pr oc 83 e%’gf‘ﬁt? ﬁ‘f"? 9”%}3‘3‘6‘ { %te,&H:cgoClSé{%%%gﬁaﬁgle& i.e., chanber
wal | &deﬁ?&r@&e&xﬁ@s ificdl AEnasRpRatraRindiitofile ch&fhctetnsadsihka sidevall processi ng
uni formt here”al so exi st other issues of concern to tiq?fze em conduct or

|ndumiglwandknugi:glesﬂqelfthqﬁiﬁhQrﬁﬂghlxgn'@gﬁb@fmk‘@ﬁw84‘3“eéi st of
owner he 0cessi Emg,%a f X@hgel gis t he cost of
é%qu Eis gd Fﬁ ﬁglgstu%e%ndm&ﬁb#ﬁ& e?llcgﬁg? chanbésr cl eani ng

- T equlekLikel PthaBd r[bteﬁézﬂoﬁﬁe @E@u&&%mwlﬁammaﬁeﬁﬁﬁd whilé pligBa®anccept abl e

| evel of _process per f or mance, the I VIT. &?}8’%9 st em conponent s,

and Teniedn inpdeguate Gla\?dde%ll"h‘)&‘ﬁhé‘diﬁ%@gﬁ §t strikes the right
bal al%dpérsleo%tdvfﬁftrhe# rgﬁﬁﬁ&ﬁﬁﬁhs §i%ﬁiarﬂ; ﬁm&ml@ﬁﬂﬂatﬁfﬁ%ﬁ%%npar anmeters in

such e2ults in a hi ghe
important determinant of uniform device performance and device yield.

20
Tn addition, in many applications these siringent 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 gés flow may be required to dramatically change whilé 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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gual ity process at a |ower cost. Further, as the features on the Zs&bﬁEﬁaﬂ@!
becone smaller and the process becones nore demanding (e.g., smaller

criticeogig¥esi ons, higher aspect ratios, faster thromghpydiisensd the
i ke), process engineers are constantly sear ching for new nmet hods and

appar at uses to _achi eve .hi r qu n I r costs.

18p| reeaptRledevel R& PYQseating %ﬁ? r{fﬁ% {bﬁﬁ%&) i%‘e%%tfg%\l/éegl 03%%%%% for

pr Odggfé@% g%%b%%é&é?ﬂ@ﬁﬁéégs@goﬁén 6&&%awﬁ{kesmqigt&belaﬁ¢matwaémez 9 DEC 2094
u

mrary of“the I nvention PCI/US01/ 18623 The |nv%lﬁthpon rel ates,
i N onkfferediedstrdwnership antbmmoeﬁ@@maa@tqr%@rﬁ}whﬁm ifhatgpsudtsin dA480eT hut i ng a
conponent |nS|de roce nber co rocess a
wor k %P@E@%ﬁ%ﬁtﬁ PHE c%‘ér ﬁﬁﬂﬁeﬁemlﬁeﬁggg%%ps%tﬁ%n bg&ﬁgvge@?} a%echanl sm
i ncl yg ﬁ1e &éeb'é@édohiés%or@@@%@ﬁlﬁﬂg I MR Exfticab dinpetisiongthighe conponenr to a
désire gl on of rocess chanber The conponent delivery _ nmechani sm
furt hepect natibs dfmberahr utaanddhshkct)bmmp@ﬁ CBFNGEER ACFOPFIaptly %Pa{ffry‘i!é%l urality of
conmpgnent ou The wv i ged for
dir e%‘t’ﬂ‘f‘?@' ‘Pﬁ%‘g 2 Sm i ﬁ%%%&%ﬁ%%gcé%% ci'Psldth?/ aﬂ)o:‘f‘ﬁ?:orrponent
out pyhss, The corrponent deI ivery rrechanl sm al so includes a single conponent
source coupled to the spatial distribution switch. The single conponent
source is arranged for supplying the conponent to the spatial distribution
tch - e@jﬁ%}r prodistifg et hod for
oce55| ngﬂgﬁl &odrf%ﬂg%bg&n%hﬁﬁgg&cdgbn%one t&ge;dta pr oggg‘ggrem Sﬁg The net hod
I ncl weEsmpprovésdingait thepsafaes of the bebsbrete. wi t hi n whi ch 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 nethod further includes outputting the conponent into
20 the first processing zone of the process chanber. The net hod
additionally includes switching fromthe first processing zone to the
second processing zone. The nethod al so includes outputting the conponent
into the second processing zone of the process chanber. 25 The invention
relates, in another enbodinent, to a spatially controlled plasma reactor

for processing a substrate. The reactor includes a process chanber within
whi ch




a plasma is both ignited and sustained for the processing. The rpact3HiC 2004
further includes a power delivery nechani sm having a single power source
and an Qde coupled to the power source through ,stribution
swi tch. éﬁé?ngle power source is for 30 generating e% Eg%ﬁg%g#gciently
strong to ignite and sustain the plasma. The el ectrode includes a first
coil and a second coil. The first coil is arranged to produce an electric

field inside a first po reqgio ¢ f t‘j%e Brocess chanber and t he second
coil is arranged to prog‘%&E&ﬁ’—‘&I—@%gﬂ-gﬂgr' eld inside a second power region
of the process chanber. -4 2 9 DEC 200 WO 02/ 03415 PCT/ USO1/ 18623

Furthernore, the power distribution switch is arrapnged for directing the °
ener gy of Thediavergonaclatesineas smbogizent, Fwap@mﬁrpneahéela@fmeg‘aﬂm%n The reactor
addi tiqgnally. includes a.gas —del] chapnksm t R%sBi &) N9l e gas source,
afi %%&ngébé%f‘ﬁf£81ﬂp8ﬂ“§6’?ﬁ@e aaprgléécs%l)gﬁd%%ﬁ' ?ﬁ?g%gbﬁ%\ﬁports and a gas
di st piobsks iaQrork pidce Ruithdn theprevesaihambers The vomponeit delivegemeckaniony a process
gas, which is used in part to formthe . plasnma and 1ttgmp Qcess the

"To 1

h
subsiochides a gieaby pEeorgRpnent Ul ©R OPBFHTENE SAIPPERT eSIte

¢ gas source

thro t ' LIt A ] d%;inﬁ, AhdisdnIedhdrondiedease the process
gas *%‘68&%“%%%%53%%&%&%%#0% e Srocesscchanber. The second gas

i nj egpatigintigdbitionssvatcha@ouplatettie phuwalith of gerspansot ewlpulsr Bagwatire gas

R S S A L A e T 0

di st g¢ by bﬁEht%YY?}u@A? T cBapaRaedelivery Bbdtaishigsd hthideos singlegas of the gas
source t ween he I nner” and out er gaS I Nnj ecti on portS. The i nventi on

r el atesponint santwe ltenpledbotie spaita] distibatiemapiele ntherdnglo eppamttechani sm f or
di stributing a onent inside a and . onent is used
to p?%é%%%&&g%uge&% tﬁﬁfﬁml)?‘}%eﬁﬁraﬁ%g%aﬁgﬁ%P ?gﬁﬁgﬁ%ﬁponent del i very

mechani sm i ncl udes a single conmponent source for supplying the conmponent.
The conponent delivery nmechani smfurther incl ug%s a spatial djstribution

8%i t ch halheigventiongrlstsscinmnpiigamiodineite io 4 MRHOH AR RIGESERE A Fom t he
i ngl. - ' ts f
o LR Rbo R o A0, Bethpbiinlosprmnnigt pusa s 1o

€ cohpon spatial distri lon Switch is arranged to
di r eganibeewitbeaihen teonmirpist ibpoveen, end whichioclsdes atdépst pfivstal ity  of
conponent, outputs. 2 9 C 2004

processing zone and a sscond 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
jncludes 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 atranged to
produce an electric field inside a second power region of the process chamber.
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WD 02/0341.5 Brief Description of the Draw ngs PCT/US01/ 18623 The Br 88€ng()

I nvention is illustrated by way of exanple, and not by way of |imtation,
in theyfd giaes of the acconpanying drawi ngs and in whi cgdid@nkeher ence
nuner al s refer to simlar elements and in which: Fig. | is a plasm

reac

or, in accordance w th one embodi f 4@ i nvention.
Fi gs? mﬁl}gngoge,gl}eep%’i’eg -sgmutxgpsgr SN rgr%?%otr(ra]{r%%}.}ll%otﬁé g@m& cﬁ,ﬁll n accor dance
Wi t hpoRBecaflRaiwaRhdhnbhadoneseoils.i Tivekkdtoardditfonkllg snchRies agaan exenpl ary
time verses direction diagram show ng {he operation of witch as a

a
f unctielbrerpmethanism havisg 2 singlagee soireh 2dHe: BRHBEAIBRO o S‘?‘i‘?ga Bfesent

i nveptiaon.. Fig. 3 is. a.,fl.ow ram of the operations associated with a
SWi t%ecgfmpﬂ’étaggac%ﬁ%gﬁgwbo%se |t%gry nmechani smof Fig. 2, in accordance with
ope enbadblRat stfrcé Ror @hesEng aiphybend ganwhich & ustdirs part taform the | ustrating a
partial reécipe set-up, 1n accordance w th, one enboc}iﬁ&r%@ﬁof t he present

i nveplasonand B prpegss thej sybsiraly. abfrcalissbEasanisei PABISICoBR #HPsm in
accordance W one ' of.. i ' | BRess Bhinid® 1S a

i agramriarliel dhg R ufIBRN TR A Sind R RRRSLleRY BY iBltes bl
enbogl ki Bhs flgidnlF the @®edt chavles! Tha sedeing ga¥ injestion goeigs alee odupdedjas del i very
mechanism, in accordgpce %tg%lone errgodidrrent ofd he %)rgal%nt I nvention. 2
9 DEt theeas sarepihongh ergay WHPEEYAICH; fiid IGaTAnss Beé B of a gas

h St Ruki-an: ckdd chiv@b@aFustlbinkRe ythe BRChani sm of Fig.
('j}b i%ogé%gggﬁ%g%%%ﬁ%%%é@gﬁggﬁ nt of the present in)\;tlelntgftﬁé‘c:)n. WO 02/ 03- 15,
Det adistibuies switgh isaranged fordirerimgtheopropes gunulithe gepspurce between the

inner and outer gas injection ports.

The in\fenﬁon relates, in another embodiment, to a component delivery
15 mechanism for distributing a component inside 2 progess chamber. The component is
used to process a wotk 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 disiribution switch having a
component input for receiving the component from the single component source, and a
20  plurality of component outpuis 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.



The invention pertains to an inproved nethod arid apparatus for LZI’]BfBEB’i 2'0%
processing a substrate. The present invention achieves process uniformty
by enrrﬁ ing,..the control over the distribution of conpﬁﬂggélslsyﬁ,ed to form
reacta pg)%giﬂ?ch 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 Y5599 cMPB6E P e DiMIBgANd neutrals (e.g., to
reactants) are used t SS a subsirate. One aspect of the invention
relates to spatially separating the distribution of a conmponent into _
mul tiple and i ndependent zones within a process chanber. Another aspect of

the invention relates to switching (or spatially nodulating) the

di stri but4 %ent eﬁmgm&ate&ﬁﬂy%ylcﬁ'eﬁamﬂbImdxf)tbyrwa}f;ﬂfngl e source,

Pet ween eac e 1 ndependent zones. Anotc&g fsﬁlgﬁf ?g t he i nvention »
r el dlimitation, %meﬁgwmgfthﬁécmﬁlww%‘f’mﬁﬁé‘l ?TFB?P’ t he conponent
constituents: betwee T'PPeﬂqBCl’.{S 1%1% gpatial zones. Yet another aspect of the
|nve‘ri’t“i1‘dvﬁ‘srr°'eff3%t’e’s“"lt%“\;a‘r |ng% that the conponent spends at each of
the independent zones. The invention, relates in one enbodi rrent, to a
conponent delivery mechanism 20 for stri but i nside a
process cHignbisa plasies ©peieh i eXRTHEC B ﬁeltrlﬁ @”&P@%ﬁﬁgﬁ e y of conponents
|nclud| povver gas flow, tenperature and the like. As should be

t he conponents may be used to formreactants, which process
the substrate or they may be used to control processing condi ti ons, which

-enhance the process._ In one.i ement at e.c livery
mechani snFﬁgs ﬁt&aﬂ@@@%@'ﬂ? OE?]%@P&H@%&MWE mrée)cgg ornmed in
vari Qus r | ev o?fth ﬁ&eﬂfﬁggﬁﬁnchanber Accordi ngly, pr ocess uniformty

can ¥& eén resul't of changing the anount of reactants inside the
process chanber. The conponent delivery rrechanl smgeneral |y includes a

plurality_of i ndependent conpon R pJeefiRagnt source, a
tpati al df@ﬁr%cgﬁt%g?aﬁ%ﬁn §%83§I%"5‘§# iﬁe %\egoependent conponent
out pyééméﬁﬁs&ﬂﬁtﬁawﬁﬁné%amtmtéwﬁtgomhembommnhetmepmswa desired region
of a process chanber. For exanpl e, the independent conponent outputs could
be ciméntgar.ed for outputting the conponent to the inner and -8 2 WO

02/ 03415 PCT/ USO01/ 18623 outer region of the process chanber. As should be

appreci ated, the inner and outer
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. 61s 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

ernbodiment of the present invention.



regions may correspond to the center and edge of a substrate, resp8cUiGepyy
The single conponent source is arranged for supplying the conponent to the
i ndependent ~ component outputs. By single conponent so meant ,

t hat tWé"P@ﬁﬂGnent source 5 has a single output for outﬁrﬁqﬁéoyléﬁaﬁ
conponent. The conponent itself may not be singular and nmay consi st of a
variety of constituents. For exanple, in the case of a gas deli v Cy '
mechani smg aé]g? ?ﬁgﬁf@f @& 0§1t 1446 it ?'b@'ubéd’m%e As@stivbRat are

prem xed B2 SI e gas suppl'y source he spatia

di st hidohariiomoBRigt Ehnla&ccﬂﬂamess&ﬂl orta@mbedmetnhef the prgsentsoverd®nand 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 conponent to a second conponent output. 15 Furthernore, the
controller is in communication 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 nultiple 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 nmay be allowed to flow to a
first output at tinme, T1, and a second output at tinme, T2, and/or to flow
for an extended or shortened anount of tinme to a first output as conpared
to a second output. Another aspect of the controller is configured for
changi ng the magni tude of the conponent, the constituents of the conponent
and the ratio of the constituents of the conponent. For 25 exanple, in the
case of gas flow, the flowrate of the rel eased gas, as well as the flow
rati os of the gas and constituents of the total flow, can be adjusted

bet ween each of the <controlled switches. In accordance with one aspect of
the present invention, process uniformty is 30 enhanced by varying the
direction of the conponent and/or one or nore of the paranmeters nentioned
above to increase/reduce the anount of reactants or flux near the edge of
a substrate relative to the center of the substrate during processing. in
accordance wth another aspect of the present invention, process
uniformty is enhanced by varying -9 9 DEC 2004



WC) 02/03415 PCT/ USO1/ 18623 the direction of the conponent and/orazo%e[.]%:r 200
nore of the paraneters nentioned above to increase/reduce the anmount of
reactants near the center of the substrate relative toPga,E@ %%g% of the
subst rP&¥HHTF ng processing. These enbodinents will be et in greater
detail below. In one enbodi nent, a plasma processing systemthat includes a
spatial delivery systemhaving a plurality of conponent delivery

mechani sns i s disclo .- The spati al ' .y_systemis arranged to
provi de switched uniﬁ%ﬁ!@ﬁéﬁm of G , a plasma is created by
I nputting a process gas into a process chanber, and then producing an 10
electric field that accelerates the small nunber oﬁ%el. ctrons present

i nsi de t hEbeinaension pegains tygn imeravedmetbed AfbanRATatus ¥ ecul es of the

process gas. T L1isi Iy SR o I o a T £-N.F NoVo ehfardcigt | on of a
scﬂré)f:ﬁ"gmgra 5 %ga%é&ﬁi? I%S%Y%?éﬁgahﬁeﬁeg pit"o(r%gé ar t ,O%ﬁg@gneut rglfgt gas .
ol egidlcasitrslfoviinte disatrtidn@d sompearentsubpdint forn reactdubs whidhyprmepsebect ric fiel d
| ose el ectrons, and |eave behind posi tni"y%gmchgqgehd igns. As a result,
posi subginly melgagEacoss chagpeer. Taags CrRRIP % S ey &t B and: neutral gas
ol egul) %%n&‘gﬁy%ﬁc?ecﬂb%' 'fﬂﬁv,tt&gparﬁﬁl%%ﬁ%m&in@ﬁﬁbﬁ&pondl ngly, the
r

ions are nade”'to accel erate towards the substrate where they, in
conbpatitilady wiefii implagma prasesiipsysppmsodise bk iansisad nawigals (1124 he al ternati ve,

-negative ions, nmade by el eciron_ attach . - al 0 process
e SapSR e seddy Preestet SRR One SR el R A AT
.depo%%}aﬁﬂg A3 it dnksT-a cdBupdn ¥l ihtoleRile REdBdepriidentzoues wéthén pr ocessi ng
syst Is"that spatially uniform processing.is, diffi cu_Iahyt o achi eve,

e. g. prodese chambencAneihertasnect o6 piednventionalslente statching{er spatally nj ecti on poi nt
and (acr.oss.the..substra LRQL Jub&
ads.o‘ﬁlﬁf‘?la?ﬁgai‘éeoﬁ?ﬁgﬁwfb‘%ﬁ}‘é§§?§E§°§ EZan Chgifgg C g j%{?tl glét e@%hanﬁer surf aces,
Whi Chetarbdsibh o etifidepetidiait kodes. Aflgker aspece obthe tinaemtibheclatenteer . The spati al
delivery systemherein disclosed eeks to m)gi f he%e%i nherently

Hon- vaTYing tin Tergriwds o theompoRentAnd/or B icAEPYIE ﬁ?%/sei%%l BREY i ons” wi t hin
the BIREPHE LM DGIes, PRI ARt SARIRREAD R g EraRpEeaRtes  such as

mul t T’ pl'e” power and gas 1 njection zones. These designs use nultiple sources
( genihabihe comporintgendeht aach pf thedndepsndenhiahs.are quite costly. The net hod
herein 30 di scl osed uses the sinple nethod of single sources, but enploys
time nultiplexing to create tinme slices, which are fed to nultiple feed

zones i N YRGint&MohOfelates in one embodiment, to a component delivery mechanism
20 for distributing 2 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 outpwts could be configured for outputting the component to the inner and
-8



-10 9 DEC 2005 WD 02/ 03415 PCT/ US01/ 18623 The spatial delivery sygt8nkg 20
arranged to spatially separate the sources of both ions and neutrals

wi t hi nydhe, eharber. For the ions, spatial separation carbeseiaseanpl i shed
by using a power delivery mechani smthat produces an electric field in

mul tiple independent po r.zones W ihin the. progess ch I n one

enbod?%ﬁ?&ml%?@hgpfﬂﬁﬁé? ﬁ@%@gﬁc}aﬁcﬁﬁgﬁngéﬁge power source,

afirg hiofiPhby odr 3G Qb 8 chnterdid el FURDstELS rbigeulivealy The &iafle The power
u |o

di stri I's arranged for sel ectlvelﬁw directing the ever y of
t he snon@bﬂemaoﬁfce ivaremged for bepphgog thetvompprant tethe isdepsde®oi |s. In this

manner, the productjon,of ions can be ontroII t ons of the
proc @@POB%RB@Pt%y ¥\ ‘f%%‘@ﬁ\ﬁg‘gﬁe{ PR ﬁe cgﬁﬁb%%g S(l‘;e ng%dl ment, the
tvio g tf&i ‘;’HF %tﬂa%ﬁltpaﬁeﬁt qqie%mp@ﬁemﬁemnatyhmt B ocess chamber,

and rmre p e cen and edge of a substrate. In addition,
par argiigatas aﬁdJmlay aenﬁktmf rm@netxywd eomtlletlheFQI \eremplss in B cesroin@®Bched pover
can be adjusted.to urther effect th gt wo

¢ egi OREvCtkBER T, SRR SR PR gL Pty 8P gier YRS HebbBal 0D o

gr eat /il ohppidbby Qﬂm"gﬁgﬁstsﬁpplﬁls&ﬁce wine @pa@agdmﬁbuﬂt:ﬂ@mwh/lsaﬁsgosmbr is applied
to a given quantity of 15 gas for an extended erlog of tine, greater

i oni Zetwesn theoiegle soyree é@@umdgpeﬂli@ﬁf componsat opipps, andisadanted PAvE: i on can be
acco hed a proce a
i mRPR Eor b o Qe EinpoiEhito B GRAR' PRI ik REAL D, PTOCESE 87

deI | \e3fnpofReE BapuBIFoNetantins aﬁrsumghengﬁﬂlemmhmayadlfact&t cgpoRti nj ect i on

port or first set of ports, a second 961. tlon ta]?or second set of
por t 49 2 Sl campeet eum a2 pesAnd pgsitign 0 IBF% T FRRTeh i s
arra tdirecting  the gas flow of the gas source between
t he Blgrggff'cfogag&ﬁ,coédgl s |nJ ection ports. In this manner, the anount of

neutral s can be controlled in desired reglons of the process chanber by

swi t chi ng_bet ween t ort.s alterna | exing). In
25 one en‘bﬁHﬁf‘?FE’r?t"e’ ﬁ&ort‘ gﬁ@r’?@%“ﬁ{c& %}thgolihn%grsﬁéﬂ ou egr'ﬂdraegl ons of
the RROGEAS corRPeiEne gmuﬁ@dowas%eﬁwmmﬁawm eoﬁﬁ@uatfarselemm;edge of a
substrat e: Slrrlarlytothe ove araneters such.as the magnjtude (e.g.,

flowmmmanmuahé“ntdmﬁmacbnfmm apaSTticRS Ay, SHIECtiE R, #dS MSAR itk oy &f f et
iy %‘Sﬁﬁﬁgg‘ﬁ%“ Bélt ‘%‘Whégwﬁ&% Bebain ﬁiﬁ{ﬂehoc?esﬂfaﬁaft@ﬁoﬁrmunt of

neut regl ons
the sw11:ch at one of the mdependent component outputs for a predetermined duration.

26 For example, in the case of gas flow, the gas flow may be allowed to flow o a first
output at time, Ty, and a second output at time, T5, and/ox 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 ephanced 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 subsiraie during processing. In accordance
with another aspect of the present invention, process uniformity is enhanced by varying
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flowrate is increased and/or the flowis extended for a certai @ dnBtht208h
time (time slice). Furthernore, in the case of the gas, the gas chem stry
can be nodified between each of the spatial zones or gdmgseihkélS to

furt h&fO8ALY the processing conditions. For -11 C ZOPIOd C WO 02/ 03415)

PCT/ US01/.18623 exanpl e, a process gas nsi f C%)& d %2 gas B
coultke deectpmpatibe W@P&nﬂﬁgmgﬁfo‘?ﬁioﬂj%ﬁﬁog eff‘%& fgegs %,"'n‘ﬁ: S%S%B%;nd 1 /3 gas

C or._thei | | 44k ehdientet Bamg edbstaicareptise tothsi sting of 1/4
gas %raa%&gcgugég%%ﬁkéﬁrg%ﬁtﬁ be applrleeqi at ed b% those _skilled in the art,
R

di f fegpest the hertraterdueing provessing. ditiecsesrabadiperis 344 Seﬁ‘rcfélgafi eereaifih: s, the
chem stry can be changed to further increase/decrease the active reactants
in tdﬁ@ﬂﬁ’tﬁl%"éss chanber Enbodi nents of the invention are discussed bel ow
ith reference to Figs. 1-8. However, those skilled in the art wll
readily appreciate that the detail ed description to gi.ven.herein with
respect fmonhesbodimgot, e plasg2 PHICCESHRE %’ﬁmﬂ?ﬂﬁﬁlﬂlaﬁ%%?%h@f cPelllléf‘a’i'ynve ntion
extends beyond these |inted B idnisds dikcloSed@ 'ﬁg‘?ﬁﬁé]i c di agram of
a plséi%t?%?‘%‘&&tae‘i&‘“ vy fﬁoﬁlgg%%ngggg‘eéw F%&gﬁ%& seﬁ%gdi nment of the present
| NV Qi @Y syt M RrdiRee tprodide bwitthedamifarmity cegm!.c hiugrveral, pplagma s portion of

whi ch 1 s” defined by chanber walls 14, ﬁlnd W%,ngllttg wWhi ﬁh %) ghasma 16 is both

i gniit exdatad by Sputitigrepropess SpiBIA RIS Sharmhe; en RIOULGHIE AR at e 18

r epr esent e, Wor ' 2obd 8 s \the Clnelsent , for

@xar‘?&c&ciﬁ"l‘ig}ﬁt%ﬁ? %tg%@ggﬁ%g%l?%bgfto %e Hse?ched or o herw se processed or

a glassnomagl olcollide witnibe ganmlolentles of the procpssrgas. Fhesgicallisionsges

illustrated enbodinent, the, proce chamber i 0 be

subdn dmizatipn pndputdation i 8disghargp o ?%W‘#ﬁmgﬁ’g%%ﬁ?% are arranged

to %%ut?ﬂ%%ﬁ Eécgiésybfwtj,(lge_@g gasiWhenSbjet@d hethepdarapebdridfioldver, that the
ent  i-nven

pre lonis n imted to the above and that vrio‘?ﬁ
conﬂb@d@&bmmdﬂe&vhbelﬁu@p%@veéﬁd%&q@10%0%%‘??5“1??@@‘?%%@??’ l1's, maybe
used. 25 In nost_ embodi ment loatdintdlipgdgsea i nto the

Br oé%‘é“sn%gﬁ'gﬁ‘gglﬁi’ﬁ‘ﬁggﬁ 8“%35%83%?%%%3%2%2%3%%%, which is configured for
SUPRRYdekd \Ehatibdr, T Eispendidiy, thetont artrmadeSo ducelargtepowads dafybsiife pedestal 20

genérally includes a bottom el ectr.ode 22 an. edqe | d a chuck 26.
 riratvbindn eambimatER WHBRSPErE B e o 1 kit taat e

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, ¢.g., due o 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 techmology 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 zopes in the reactor.
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by an RF power supply 28 via a matching network 29. The RF power %gngE& 3@11
Is 30 configured to supply the bottom el ectrode 22 with RF energy. |In nost

cases, the = electrode/ power supply arrangenent is conf}@ppgsl/fsgss generating
an el &@P%’E“?? eld that is sufficiently strong to couple energy through the

chuck 26, the edge ring 24, and th subsirate 1 By _wa exanpl e, the
ener gy géFherspeiéal dBQVQFMéY%@IlEwagﬁgftf’ﬁ@ﬁ‘éﬁfffe%?eﬁqef%ffsﬁf 8 DEC 2064 WO
02/ 03415 .PCT/ LSO L/ 105 da@EI8eAashemédn B0l t age, between the
surflg’éseancﬁlfnef’lﬁgsgﬁ'@é‘?&éﬁgﬁg%ﬁptgﬁgo_ |E)Isﬂ<'§lsrrae . that is used to accel erate
t he E{c@@ﬁ?ﬁgmabg%ﬁ&@wbﬁdélﬂ@Nclﬁhﬁ%ﬂM@@lﬂéS agelectrigdiebithor e, al t hough
the el ectrode I's shown and descrjbed as Dbei n%r#]ouelegk%o%&léﬂieﬂlgF power

s upphwitipletindapsndent pew e RES VERR HABIOCHT FRFIb: 'Oéﬁra lons nmay be used to
ccommdate diff a%?ém QicP siied, @ fefrbi) idcondtditrandxt er nal
%act@??ra?}g?g%gnae?@ 0 g{cﬁ{g\%??ﬁﬁel?% up_Iei ?\g_%f_ ener gy. For exagpl e, in sone
Si g ovier disaionphashETieqmeeo distititiop euiich islamragedser eYEIVEY to ground.

Wth regards to the edge ring 24 the edge rdn ' hanged to i nprove
t he digpcngthecpesy of fie %ﬁﬁ%‘%&f’ﬁpf’ gp‘@?ﬁg’g %ﬁ'g%r%f%%*ef’?sd.a‘??él@n ¥ the

sub ' %j@;ﬁ ‘ - SittoBkd at deeir&Didgivm eF detprockss 22 and t he
chu?f%{s%a%f@%mt 8(1]?%3%%%%%?%?%?, I on abom_:)ardment). éﬁﬁ%ﬂ%t‘ht he edge

r i nghadibershyaswitahirerbatwesnthe bud goitsh B enegabgdiaernd, the fiKQ £ nd is

di sposed above the bott el ectr Hekntéd. I n nost
thsdhe mﬁ%ar}gﬁgerrrpﬁlgnﬁap&gP&?%#ﬁ%%&é%gf%dﬂg?é cons%ttnsgtglctg art that is

repl ﬁ,g%qgé&f LEibsBaieX 56 8&ilieh, pRametcihaichdg thermagpi®de MMWMd from a
suitable"dielectric material such as_.silicon, silicon dioxide silicon

ni t rafdls sveitdhiod pawenean beeadjugiedrte frfher gffect thapgppciion &&%s,mg%eer %hic (e.g.,

Al 233). and,t he .t ike. W %ﬁd Datfity 8P gas! ghuck 26 is coupl ed
to tHi o%p(é?negﬂ]&gglénogﬁﬁéﬁg o?‘?%%ﬁg?g‘ct rode 5 g_%g i s %eneral ly
CONfihiuktich fe@iltst @eh, wiing o dieenhpmktiiydd power is@pplied to a given quantity of

15 gas for an extended period of time, greater ionization generally resulis.

For the neutrals, spatial separation can be accomplished by using a 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 m 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

chanaber, 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 chemisiry can be modified between
gach of the spatial zones or time slices to further effect the processing conditions. For
-11-



substrate 18 when the substrate 18 is placed on the pedestal 20 f%rg DE
processing. In the illustrated enbodi nent, the chuck 26 represents an CE?Z&“

(el eCt‘&8§%ﬂ%‘i ¢) chuck;, which secures the substrate 18P(E'P/HE& 8gguck' S

surfac "actrostatic force. However, it should be understood that a
mechani cal type chuck nmay al so be used. In so enbodi ents, a 25 helium
cool PGS HegesHERSGOBUSIHE] qf}yéB%A@Bgtgh%as%‘aﬁ@%@%Bgeﬁea ibstrate and/ or
the o%%fsﬁn%bf’?ﬂ%se Aplf/%eég%g anli 1% %% A6l e 8bi@iverhthstcdamesat ures of the

subst nd—e uring processing thereby ensuring uniform and
r epegiaapédtony peesssistipgoEZigash aldidh gas Bnadd shouldibe apprgeisted byydosss arranged to

be substantjally._cylindrical in sha 3Q and axi al | igned wth the

pr oc%%ﬁéh%@?:ydéﬁ%ﬁm@ﬁ%l% Pﬁ‘i’%‘lf‘ﬁ @&feéﬂg%‘)ﬁss%eWé Ef‘eh& g%t ar are

cy! I&Q’D:ll&ﬁl tah tcﬁﬁéeﬁ&&ﬁnﬁﬁ%i“ﬁt\ﬁf‘é%e/ﬁécr@iﬁ@ﬁic@c@@ reBétigd id hetprédess i s not a
[10M an

1T m T af at” t he pedestal placenent may vary according to the
specdHaimberlesi gn of each plasma processing system The pedestal may al so be
configured to nove between a -13 2 9 DEC 2904 WO 02/03415 PCT/ US01/ 18623
first position (not shown) for |oading and unloading the substrate 18 and a
second phsbodiomnisad tetivvmiion are gisosessdhelny wib refgiace i Hged-S-A t er nati vel vy,

a push pin be...ysed to ve t.he substr position for
I oatﬁﬂ@’?ﬁi‘ﬁ tggé ﬁiﬂle%idn Y ea‘%‘g’éﬂpf%;ﬁat %‘%?%%gﬁg@gﬂ%c% {elééubst rate 18.
1NeSE vy RESnFitH Feafte PR thess YipufI¥Es &r@xpRhitolyasoses a5 thaénventioand for the

salve of brevity will not be discussed in greater detail, Mreover, an

4. ( lextedds beywidthee limitediephodungds.wveen t he chanber walls 14 and the

pedestal 20. The exhaust port 30 is configured for exhausting gases forned
during processing, and is generally coupled to a turbonol ecul ar punp (not
shown.), Fpcriserkchématis daglemaif afglesopreacesl§; nadverdatiée with ompst enbodi nent s,

t he turbomol ecul ar pu is. arranged to intain the apprapri.ate pressure
| nsi exbadens ol eI EHIono P laST vast 10 ARSI IEe ArRIRIGRS PRARBR AR port 1 s
'E“%&H&f&f\?ﬁféﬁ%&é@@@b Pl ¥RaTs WRkdEwindnHidles plasas igks béthe act ual

pl acenment of the exhaus

port may vary according to the specific design of
eac hignitaband sustaed Sompyocsysingasutitiatesh& Spbsitate Iiaepsepeis theordt  gases 15 may

al so .be acconplished, from ports i 1f the: B pEess
charfigse toéﬁﬁ’g‘ifésegﬂg]&‘@é fay ﬁg%g%qntﬂ%{ éxﬁ%ﬁ%ﬁlrsg&ﬁoc\g?ﬁ%%ﬁoggﬁgﬁgut g‘lg de a
di el Beeiick cicPRRYprodassed b4 BlabsSpatics pisgstocesgdiinto aifdtiparelydisdahani sm 34 for
distributing energy sufficiently ; .

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 viaa matchjnglnetwork 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

- 12 -



strong to ignite and sustain the plasma 16 inside the process chgn%ePEEZ‘?DM
The power .20 delivery nechanism 34 includes a single RF power supply 36,

an i nd\Hﬁtoiz%tﬁ?ﬂgl ectrode 38, and a power distribution sacrasogé2iThe RF
power supply 36 is configured for supplying the inductive el ectrode 38

w th RF ener via a match netfwork 37, and e I [ ctrode 38 is
conf bgm@@geﬂgc%lquwéathgoléﬁg% gheier estIg?cc? 0&2@? Sdlg)g’?%e 1%%8%?565 chanber 12.
N AGERLdaRRL p{kg‘%ggcq%n Qg iiERhs irttheplagAal 6 toteared BetsubetmtaBS.i s broken up

into pl ura I'vi dual and spa.tia;%%fégi sti CCL gﬁi #i In the
i || uphdRore atiastishtint cleditode i3 shdwntand desaribed BeoEehiogReR up into an
I nner coil 38A and_an oufer cojl B. The_ i | Is arranged to
pr odnewensvpalyel shoudd be E’P‘{frﬁtﬂ%‘f@@t %ﬁeric H@gur B %’%g{s@?géoélsgﬁié of the process
?Farggc%m%%od&w&eh{%o%é BharkBirs oBBBohfor@ns athge extbmabfasttuce an el ectric

e

nside an outer process zone 44 of the praqcess chanber 12. As should
be apefessinptcdlondfic tiwplmgoé engrepc Eeexapnie, E@W@F%&?%Wes ponds to an

i nner_region 46+Lgor4cgq;ﬂeﬂgr)kpq_%“tﬁgm a_g?&&rate 18, and the outer process

z one Plegmg aepsiont fhg PEGEIREFENGS D °an Buter region 48 (or outer edge) of the
substrate 18. Accordingly, the inner coil 38A generally controls the
formation of ions and reactive neutrals ave the.inner rﬁ lon 46 of the

subst r at e Wigh regards topthg edeeiing 24 the odeeiBE(s 1 FA4REA M FTRY 623 and the
outer, coil. 38B gen || t tslyerad’s b agdllzeacti ve

ABut P@F@caﬁ@g\%&gﬁugé%@{%re%é{ n&ggﬁgﬁﬁﬁ{?substra}?e@%&é. Each of the coils
38A, s8R ihsbsepacRtedde 22cumfltbe chimk2bdiorrthssoastandyiB§1-JoB6 and 5 match

network 37 through the power, di,st.ri bution ] wer distribution
swi t bambardmenty A$F8Ey th%?dgaﬂ”gg%’ﬁmgéon%ﬁ Hfﬁég%ig};@ power supply

36, L8 5s & v tBEBotidts elebigodeRemdcoiind8B clinkt26. 80 t he power
di st ?‘?%%@%i%gg aggml%%lﬁﬂ%sd?@kggnf i gurgd wth a first 1!o_osi tlieﬁoeB f.or directing

ener gyost s thei adpering it lis @Bubizarad ta be acomgmapleqrart AT 16 SeP1aFASEr ng energy to

t he outer, coil B. ., Thus ependi-n i 1A wer
d% st FXISSEVE ey, %ﬁd&?d?nge%“?fﬁg}’ BE el ok € o8] g iPRottle iRiokifiSuBOVEr.

coupLedhibsh, HiRoRiioRRILESilSPIbsde; Silicherpiduemary ¢¢.gi, bltiwaf Sifl).ch 40 is al so
in communi’cation with a controller 75 via a signal connection 76. In one
enmbodemamndt (e.g. hebOgomtils ks 75 is arranged to informthe power distribution
switch 40 when to nove from the first position to the second position (or
vice versa), and/or how long to remain at a 15 position before noving to
anot her papi ieptirds Ththeahnil 26,Ithe chiBk 26 insapledrtp grryenper gprface 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 fo the chuck’s surface by electrostatic force. However, it should
be understood that 2 mechanical type chuck may also be used. In some erobodiments, 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 pfocessing 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
_13-



controlling a variety of operations associated with the power supd YEC ZPM
I ncluding but not limted to, controlling the magnitude (e.g., watts) o

t he Rgg(g 41.supply 36. As shown, the controller 75 ipp1oeephgsisto the
power g y W6 via a si gnal connection 77. A spatial distribution switch

wi |l be described in ?reater -det aj | 3..20 Thﬁ pl asma react or
r

in .2
10 afissbpositiin(desshofh @A@diﬂﬂ%@tmdl:ﬁ‘ﬁ ?’étfﬁtgg‘gﬁﬁ‘?“%ﬁog i buting process

gases i.nto the cess I T 1YERE b ibRsh pEGREHes M S0
gene?%ﬁlq?%%oﬁ%égorgr%(fegg gas‘s‘ﬂ‘%‘é&e 21}923%%%@135% g_ctiﬁgﬁ port 54 and a gas
di st idclyd indbe tHeWubGiatSB frdie fisispdsition 56r Ipadisgnliogling & 4 83coa@l i veri ng

gaseous source materials to the 25 gas injection port 54 (Vi gas line
58) , pesitipntfreprgeessingjtlaesubsiate 481 These 8’3330 A0 %VSE’B?S arg ‘e"’le{elg%?‘rf{g t he gaseous

S ur%gﬂl}gg%%%c}?oﬁhéﬂk@oﬁﬁﬁgﬁiwmm%ﬁeamem@mrticul arly into the

-1 asma reglon ween the dielectric window 32 and the substrate
18. As shown, the gas injection port 54 is disposed around the inner

peri phery of the process amber 1. Il rii rough the

di el ect r i MopoNge @ S pc&:@ 1%%%“5‘3’“?%‘%?2%%@3&%% %%datt&ﬁgvel y, the

gas SESOM) §6e BB NS08 ¥oRRmiel Rasdtuftinggaspofotmedduting i nto the wall's
of the process chanber itself or through Wr hg&& ar rt%cgged in the

di el gotessingnddsgeneriiaupled tea trbeme]genly ol $hoaa)i 0CaEt ' udes a gas
flow cqntroller syste 3 eI ' I gd for

kot o e REPcpfRARpG LY i oS RotgRishs, ool QI AThaNAS

PCT/ JS0ibéd B6RAnRs: @i apRopHiats peawire dnsidetthe pakessichapbenled, and the ratios of

t he gaseous source materials. Th as_box 52.is ner al.l pled to a
pl urEustheymere, 4jthougly the farbaust pord s shefyg dispos e@ﬁeeé'rg‘ge gti'%]?%gfc?ﬁ? o supply a

vari %ﬁ%%ﬁeﬁg%ﬁﬁﬁwﬁ%?éﬁﬁgﬁ%%@@?%t&@maph’wd"bm todié ernal gas lines

60. S are we khown In the art _wll not be

di scepesiid desigalef eich phane processing systkan cEonexamplen theerbatiRg af gasehe gas
i njection port 54 is divided jntqo a |t add i adi yidual and spati al |
H stmﬁ}fﬁlsﬁbg? P@P@H@@‘?@?@PH&? b&lﬁtéﬂtoéh%grﬁﬁsrr‘gf rﬂl é ¥¥cﬁfgssgd§%n%}3%j ection pgrt 54 d

consists of an inner port 54A and an outer port 54B. The inner port

Fi

Outside process chamber 12, and more particularly outside a dielectric window

32, there is disposed a power delivery mechanism 34 for distributing energy sufficiently

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 R¥ 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 eleciric 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
inmer 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 438
(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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10 54A is arranged to rel ease gaseous source nmaterials into the ?”QEBEC 2004
process zone 42 of the process chanber 12, while the outer port "54B is
arran ﬁyhglease gaseous source naterials intp t hepowiugbl/We@Less zone
44 of e process chanber 12. As nentioned, the inner process zone 42

|1 } ds t ' ' 4 18, dth
ot e ibsaies coR RS EanereRErantoy e FFReRih Hofl A BaBHBHEENF 15 4o%0F 1

15 s o] ﬁm hipsdtomgr port 54A generally controls the anount
of nggﬁe;tﬁ%&%%ggfe%ﬁt e inener region 46 of the substrate 18, and the outer
port 54B generally controls the amount of neutrals above the outer region
48 of the_subsirate h of th R%‘%ij @&l y coupled to
the gas bgiéﬁs?%tgﬁ?@%%%ﬁgﬁéﬁse&ﬁ?mﬁgﬁﬁl %‘ut?i%@% S 'tgﬁ_s@g’gégrhe second

disst Hag#fﬂe%@o&‘@?ttﬁfbuéﬁ fheSpcFer aRRa kb Ewikl 40 (Thepowkedisgitmtious sour ce

mat er i supplied fromthe gas box 52, between the i r port.54A and the
out eswitch 40 BaBangudafor diectingdhernsray, Sor e RERPVES; mygg’%eggm?gured Wt h

a first [ tion.for directi e ; Aapal to the inner
port Wﬁﬂc"gﬁgé‘%“s"g%ﬁdt“ﬁé‘g?’??g%h#%ﬁﬂ%ie‘br%g%??lﬁg t%gﬁéggggus source nateri al
t O t BEnfHH&T wilbh Firdt4Bsitibh or, ditetheywliorgy ta Shemneheoilsdd andomsesdnd he gas
distribution switch 56, either thﬁ 'hgn(eﬁrhg%)o t S54A or teh% ﬁg%gf port 54B is
coup pesitionfor Kireging anesEy? theitersoi SAE- Ji¥y4eBER 1L the PR I's also in
nicatl Lk td i [iE3 @A 6t tHedhte? @BNE8EBIHOHN 78. In one
g‘ﬁbo SR ?%@uhggwgﬁilqg’réﬂ?igtiﬁgngl%gdr}_peq to informthe gas distribution
SWi t ebugiél olkeRF powey surfply36.(The potver distriution switch 4 ¥1#s0dBeond position (or

vi ce versa), .and/or ho 0 to r.emmin . bt = MOVIi Ng tO
anot K ??‘b?ﬂtﬁﬂ?ﬁ’n R rioried 5t icgn%aﬁtcggn ég'u]%f@g%%nget Ee gge box 52 via
a si gualoiePARCIHARed & infdie thOPéWE! distiibution ssvitvhridrgen td miovedronz ol | i ng a
variety of operations associated with thed?as box 52, including but not

|i mi tedfirsigositontte 8id seagnd prsition) (euvicayEsanP Y HhQyLORE I IFRAR fF of each of
gl ot ' / US01/ 18623
1t Spatonhdpie Boris B8 e pofiod BlcbAtholel &:50R0340a4LE BCT /

ution swtch be described in greater
det ajphntigMirg Qﬁarid%/ 3f ofsrhifrswssobiatedrviér the powersipply meludingdwhnas, a process
gas ii;.ig., a single gaseous gesourc? %ﬁﬁ.}al or a @ﬁ.ﬁsg gaseous
sour dimited tecoairaling theypagmiyde (-8-naHs) © BOBPGVRRY ¢ 8 t hough at
| east, on L4y | i 51 doBinédiien 77s Wogatiald to at
Feas eocﬁgtglﬁerﬁ%g? e é%@#oggégeg% u l?lﬁsgéﬂFag%\;\g\gr source 36, %g?d a |large
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 pas 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 particularty
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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electric field is produced inside the process chanber 12. The el &ct rkC 2004
field accelerates the small nunber of electrons present inside the process
chanb 0%3m§ﬁusing themto 10 collide with the gas nol Eﬁh@&yﬂ%ﬁ?he process
gas. esé collisions result in ionization and initiatron of the pl asma

16. As is well known in the art, the neutral gas nol ecules of the process
gas lenofgaspastsedrce matdriabsdo be pemg 2] deratias of fha #a§equs SQUIEE ect r ons, and

| eave , behi positively ch ' . r . i-ti:vel y charged

i ons™5Hg t&g‘slgﬁs %5%@@“%%@8%&3#@2%&’6%3%? rog’%%gé{shnﬁ‘%? IEc‘ttl es are cont ai ned
i nsi gdRwk) OgEEE afhamnged fb?su%;ilﬁ aRaribty o f pheofiosomedd matedls,Mia pl asna 16,

neutral gas nol ecul es inside the process  chanber 12 al.sqg tend o be

di r epuesdity ofmitersaliggs ey §0y (Gasepus;saurce myderiaky @e weil kpqynap th ﬁ'ﬂ# e, one of

t he i E | to the presence of the neutral gas nolecules at
t{:e @%@@Eﬁ%ﬁcﬁ%géﬁgﬁﬁg%%n (i.e., the random novenent of nol ecul es .

i nside the 20 chanber). Thus, a |layer of neutral species (e.g., neutral gas
nol ecul es) nmay ically be found_.along.the surfgce of. substrate 18.
@rrespon)mW%%”g%@#Lﬁ%@%?%Wﬁ hpcgtaﬁg"‘dgg%?Off‘s’%ﬁﬁgtﬁ?{_qe%m_“o'hs tend to
aCC%l&ﬁfaﬁ?Eoﬁiﬁ&ﬁr{cﬂﬁl RespatifIBl didhRt %&TS\!\AIﬁFE@c HQYated dmbcaRAbMatHepAs W th
neutral species, activate substrate processing, i.e., etching or
depasjectiompore 54 seusisio of ah inecrpopr¥d adam o PRttt HS. phwdrnddort ery nechani sm

nd e.gas_delivery nechani ho, i.n F'gf enhance
ﬁ’r océe@&lstgﬁﬁa?%‘?ﬁotrﬁa%ygw 5B E%ei%arﬁdl es,mttoﬁié pO\%\reﬁri 8%3?%\’/%@5?%%@ﬁani sm can be
us edyrbéess Bienhtidr 112, whad e oulte por0 4B densardged toveleiee tdseoprsoarses chanmber by
swi tchi r]%ﬁpet ween the inner and outer coi]s, while the %g el jvery
7t

mec HBRPERF &He thrcouleragosess Zqnadd HLithe repcers shamer Ay s anengig i nsi de the 30
proce ' ' '5-15]{}% ?ﬁﬂp jaNjgecti on ports.
Addﬁ]?;&ao'ﬁg%g%) %Bte%é %ﬁﬁ?h@g@]@%ﬁ@% tc :ie o] dﬁfﬁtlﬁ%%ﬂ%,&aﬁeﬂﬂg’a constituents,
and dnfi¢hcanat process zonadd geeratly coabpondetocimandmrdedion d@efithei ne slices to
further change the ion and ral densitjes -17 02/ 03415

Ber lsﬂgﬁﬁﬁi 2&55\ %’ﬂ’@?‘?,"ggg i Xe‘}ﬂﬂq"‘ﬁ%ﬂ’g@ﬂ?&’?ﬁ%”gfu%a&h enhanci ng

Pr 0CHave ekt Redidin b 0P the sSstraeUd, atEthelouter pHRSHBalAedlly bomeyls be di scussed.
In accordance wiith one aspect of the present invention, the ion density

nearthe dmount ¢ sentzalealkaygdhs entenregiondd 9L the wberadat®d to i nprove processing
uniformty between the

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

20 gas distribution swifch 56. The second distribution switch 56 is arranged for directing the
gaseous souxce 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
comununication 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 at a

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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center and edge of the substrate. This can be acconplished in a v‘2r9e19§3020£
ways using the inventive features of the present invention By way of

exanplﬁﬂod}ﬂﬁﬂgpproach to increasing the ions near the edgasoindshe substrate
is to Increase the anount of tine that the power is distributed at the

outer .zone re) ative, t.he.amu of. .t - 1 Biaal® distributed
at t FHEG &8l ﬁél?a%éi)%\?l@g%ﬂﬁ,m?ﬁ%’em beudr%?c%bgagﬁl F{%‘Etg{;ﬁ eu%:lglcgrs 'e’z;s ed to

decrgase the ions near the edge of the substrate. It should be noted,
however, that the tine needed in the outer zone may be snaller than the
anount of tine needed at the inner zone because the ions fornmed in the

i nner zon diffuse t rd e (6. A QIRE! cAPRIs0ach to

i ncr easi n%ﬁgﬁé’lﬁ?ﬁ a %gte%{: eepzi%%‘gh %@gﬁécﬁ%agt(?gt’e s t_% i ncrease the 15
aAPDU & mBRWET o0 Sitxhirk of gabesis soifeandtarials)omgenesdliytipnd ivio thére amount  of
power distributed at the inner zone. Convers e anpynt of power can

{ | t
be dpocesshbamber Weibrongh et leag opg AL erﬁé&ﬁ‘?"ﬂ@“@ﬁ’aés%f ME B8t rate. In

accor dance, w L 200G R HoveR ¥Giitkd 96).anllA9argen density near
t he “%ﬁcgﬁ‘t‘etrl“ '?%@%U%é%tggadtegéggg%%cr dased or decr easedg?o i mpr ove

P OC g1 st FieltNMsTRbdiicky inside eegrotdse chantierr12a e eltgaicdield meelruist rat e.  Agai n,

this can be acconplished in a, vgr'et of % usi n fhg%h \fgntive f eat ures

of tth@smﬂélmbqugélﬁﬁmpmé?‘t\%? l°0‘Iihep %ﬁﬁsp‘\f%}ﬁ 8?1@%1 B ac'%ﬂto i ncreasi ng

Lhe LRd AFRins P HOBGAL dHind (iBce 1. "idRe bSllikiens fobelt ibaization amount - of
me*That e power 1's oﬁ

stri‘buted at the inner zone relatiye to the 25
anousid eftidtione tivailadiel 6 dsds well kdowe i beadgthemeptrl gagmole & conver sel Y,

t he anount of e can be decreased to decre | n center of
t he Egipsegess gas whe Fﬁﬁg‘é&%‘? DES vceﬁagﬁ?g‘fed% ﬁe %Tﬁngdlﬁ%‘gggd in the
oute bRE. ADARe GRveni chagded iom¥endpatidely chargefie i nner zone
beca%%@?ﬁ%gﬁeég%%gﬁlgﬁfn t he S}lﬁ’%r z_olr?:a ﬁa%gy di ffuse  _towards the outer
z oneeledinaishmai nepivalgas olesules arecceniainpdipude PR SBMbHd Zeent er of the 30

i_gbstrate is to increase the anount of power distributed at the inner zone

lative to the anount of power distributed (@t he O&It@l:‘q zone. Conversely,
t he ampunDuoigBoskermation ofghe plasma 46 apuiral S8 & %Fé'ipst“i‘ﬁ% G ORPINEEF the center

o AT el TR g o e,
subSaaile QA fitEe bdharmramaibuling te tegueseocd ofhoveiuahsagoolesslss ng
e orhihe Suhstrar ey Do DEpa g, 3 FhdE S0 md 5o RdRRIR R aclbS can be
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 bé 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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ways using the inventive features of the present invention. By \%39 QFC 2004
exanpl e, one 5 approach to increasing the neutrals near the edge of the
substr j5,.Lo increase the anount of tinme that the gagyks @kstributed at
t he ou‘?éﬁ)z@%ﬁ% relative to the anount of tinme that the gasﬁl S %i stributed
at the inner zone. Conversely, %he anount of tine.can.be Cg]%gtﬁreased to

decr Aecadingly, several sranplesassadied i cBRaICIRg PERASST Faifopmityial fd be noted,
howeve t hat .t ti. LNst he outer zone may be smaller than the
it b PGB S 6t /

anou at the rnner zone because the neutrals formed in
the inner zone may diffuse towards the outer zone. Another approach to

i i th tral t d f th bst ' i th
1'ow r at dlcropRan g tumtiopish CEme propPanEiEr BERE by b T PoN ate
gﬁfe tgﬁ%stgagé te%éeéi% Eh ik §flodectdaged 10 Aepro% @ Peocessiipiatifoemity betvecchithov rate can be

creas crease the neutral s near the edge, of fhe substrate. Another
appr aaith ahd edge ofithe ebsiatg Tiecanderacadmplishad in #katisly el WAYs W& W6strate is to

use a gas wth a different. chem : t .E%o zone relative to
t he %ﬁ%‘"ﬁ'@\%ﬂtﬁaﬁégﬁ‘pfﬁs“ﬁh@e&g@m %fggj’far'i "d%gé&gplgioé ep?jr?ner zone. This may be

acC ORPlehShe thel¥nhanHieags Htheg ssbstaleiio® iatreatotthe cnopureditimafises or by
addi ng/ del'éting a conponent gas. 20 In accord%nge w#ﬁ%ftﬁmot her. aspect of
t he the pewen isidigabitpbat the preerrone relptve e the qpermt of g PV IBstrate is

| ncr eased qr . decreased ' N ' fgayn, this can be

épccocﬁ‘%f"ggtﬁg&t ﬂ]ﬁ’ né“‘%%&il eétt‘én%%%v]\g’;\;ge %é?‘%g%t? ﬁgﬁi%g ;mtdih?/{reea features of the

pr es@iteasd thegois rar thBedyewf thé substrapl B shanébappeddwivever, ithat theasi ng t he

neutrals near the center of, the_ substrate i i ncrea unt of

T emEdin o Tt ey b I E kR o e SRR DB

ano ﬁleg%ca%uhgﬁmtigﬁstfghgﬁlﬁqﬁeﬁeﬁﬁgﬁwﬂsﬁ“@t&%e@maﬁmn@nversel y, the
0 | e

anoun me can ecreased to decrease the neutrals near the center of
t he Andihérappsoach Anitivesingfipriosieat theiedge ebibe sgbstuale ipéincegase héar the center

of the subsgtrate.. e.t increase I AHgstributed at
the Wc’gBﬂﬂﬂr‘Bﬁ%&% at?tge P& #7 evﬁelﬁag?‘a’e{oo@gv e gogtst’o%g?g fbuted at the
OUt 4 tHORBer ARBVECH SRy, fiReriduarof fiveer canbd eclexsed tsdutrease 8@ idwrr ease t he
neutrals near the centér of the substrate. Another approach to increasing

t he neaetieredie ofibgsubsiiatecent er of the substrate is to use a gas with a

di fferent chem cal nmake-up at -the inner zone relative to the chem cal
‘make-up of the gas distributed at the outer zone. -19 WO 02/03415

PCT/ USO1/1h&&2ddfeswittoondmpet of thelrresentinkention afbgiiomdensity gagr that i os of the
conponent glases or by

20 center of the substrate is increased or decreased to improve processing uniformity
between the cepter and edge of the substrate. Again, this can be accomplished n 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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addi ng/ del eting a conponent gas. While this invention has been desdFitbedli n
terns of several exanples, it should be noted that there are alterations,
per mut @4y BRsssand equival ents, which fall within the scopgopiscthis

i nvention. For exanple, although the aforenentioned exanpl es were expl ai ned

I n context of a, singl anet e n |t at nultiple

par anet er &Jm%%dé:gc%%ﬁﬁaﬁﬁéerg%%eé P {éﬁ? B%%ﬁﬂgﬁnée?? g%:’ﬁh %ﬁ%‘fz@gg%atgl formity,

whet fes: 188 sitaate SRS ihdi®used orafectbiaédias émprolve tespro@ysing yuidbmaianpl e, bot h

t he magni tude and duration of 10 ajgéﬁrrpo ent co lﬂ@(ﬁe chan edfat t he sane

t i mebetPeen Heroppice and edgsiod theduberali (1At R ac‘@é‘ﬂﬁb" 2 HAREAD" coul d al so be

done to further. eff.ec [.OC | ] Bepgane time or at

di  f SPERPSIPE HREJaVERgye }ée)?glﬁ%ﬁ Og\,iﬁed‘lt’j‘? %é;lllgﬁ]?e%%%n' \g%.&g%,g?gf_%%avl\?eﬁl step may be

st ar gSstoad toVh@easifr taneultals ivgr thepdpeof the eyhstrategate intwpsathy be started. The
time. Y5

power step and the gas step could also be started..at t

Fi g. amopmt of taneigplthe g4s 1&%5’&)&%@13‘3‘!%‘{ ; ?ftﬁﬁ‘{l%‘?tﬂ\g%‘(&%?&]ﬁ”é’&”qﬁﬁz’?ﬁ%gu| d be used

L0 DA pab NCiBRNEeq dihb Kol dIRC LBMNGEBA trPimérif ofEimedahbuer y rechani sm
Y 0 e, e

50. way” exanp spatial distribution switch 80 may be the .power
di st dédredsedto davkdasdiihé@enirals ndme thyoeigd o€ theispbatratm Ieshorldrbes®ieh Fig. 1. In

|, th ial distributi i 1 | f
cc chomhTna D e BB oRY B Sranai AT at e Aot br fite, Oy
30d feddelis tge%ﬂ}s%oﬁébe%me%mm fomidalih tRGinherzodsedyatiffusey a di stri but ed

conponent Illustrated in Fig. 2, the spatial distyibution switch 80
has tdveardsthp abter zone. ginodier epproash ﬁqgnqrﬁ@ﬁﬁ}ﬁﬁrlﬁg‘%d%%g%#geé 0% o either
the first, qut put 84 .or j Hiwihe84 may be
coupf"gﬁ%ﬁ? 1%&“2’6‘%6??&% ﬂ%ﬁt%%%t%?ﬁ%?gag@ S%B%%tit@;%@%t eioggfr%onent “nto a first

r egi ABwOhteldTehe s CRSStEbaTEs innerbnthEomesehy thecliowpuaiesan bt put 86 may be

coupl ed to a second conponent qutput fqQr opytputting the c onent into a
secofierreasgd tndastease thepewisals e FF%%@P of %If'l S@#?tgd e-ﬁPé’%éeﬂiBBli’% Sonponent 83

y £ons| ' |ftHE HibsRiteds tolfe Blgds Mithtaydifftreaonst | tuents. For
gganﬁcgas;ﬁ%tﬁ%%&g?ggggfmggs p%ffﬂiied gsas,‘3 t he gugggfi ed gas may consist of a

si ngtleengiesl rodkesurpatiliadteryzont relativedo flsehsmid & |gf¢les &nponent 83 may
al so_have varying propertj.es associated.wih . . r exanple, in
t he dishiharesk ati%gp&&gg@n@@y}ayi?@cgmﬁh\g% Eg ﬁﬁ%&% %ﬁ%\f’ggo? ﬁgr eased or

decr RRsRthyRAWR gasds'br by adding/deleting a component gas.

20 . Inaccordance 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 amdunt of time that the gas is distributed at outer zone. Conversely, the
amoutt of ime 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 fo

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.

-19—



-20 29 DE 2001 WO 02/03415 PCT/ US01/ 18623 the case of supplied g?sg HET,E 0
supplied gas may have increased or decreased gas flow, differen ratlos2 g"f
m xed gases, or a different gas m xture altogether. Th | j conmponent
83 is ‘89&?’8?% y delivered via a single source (not shgﬁm&\f\ﬁ;\% i's
arranged for adjusting the protgerties, and constituents associated with the
suppThisdnayberenemplisheh by chinging tha gasgribescafdhe pOmpeneRt BFEF 90X plural ity of
sourc cqQul d be used to supply = conponent(s) to the input 82 of switch 80.
For é@?&fﬁé?ﬁ%??mm%‘ﬁaée could be used to supply a first component to
the switch, and a second source could be used to supply a second conponent

to the swtch. However, it should be noted that the cost,. of n%.:ltiple
sources | $ipledhistineintion hashegh dessribied inderarof sevsral FauRls: it fPler al 1 y
desifed. el aborat e furthet . - IvSitikh B4l Wwhindé tch 80 is
egse ?P%tFi}glﬂg r%%e?jéﬁr?goﬁlpc* byn%l'rg??%? |%%él}t%vgﬁlsw%tﬁch Wi th one input and
tWO  QUbpB W fhis fhventibin! @0k bdngslE, dliheughibempibremntidepdexisnples Wb condi tion of
the spatial distribution swtch 80. As DTSA%gag‘g |, di %{Pbut ion switch 80
i s crnigjoed frcontext of & HBEle PATIIHS A4048 “SHORA P CHC 4R P8 a second 15
condifion ) e 4 %ﬁ%h bitget BhdceGti ity WRethanmaent changes
fronﬁlrlﬁ%e}el{’glz EQ%%CL egdz)fgttg t eersecogd cout put 86t.y Thi s arrangenent when

desi giestigebr siadiffyrept tiles: By way oftesardpledbath tiepagnitndstand daraigRpbnent
mnimzing transients, first in opne direction f0 ' f time (as
#ot ef ﬁ?fﬁﬁgpa%cqg@\ﬁﬁ: %gﬁ‘hét %W%%ﬁrlﬂg'dhﬁf g’fet’ fis nmii)d;ﬂ%g{r?é%%n in thfa
reverse SHehEGtah chl afsotRrdoRs tfurthérBEfetBifro st @fifbigily, whett@wat ong t he

switc S 1n 20 condition B). Furthernore, the switch 80 is cqntinuously
noduthatsete tietowreh diffeesnt timpsn B0t ¢xarmple; AR e steD, SNOWCE SEPHYE in order to

proces substrate uniformy, . In ' q;gq_rq A 150%3‘ Lhd@!

di St§tp%§£p5wcgw{sg,ﬁlu§1§gia§w§¥ﬁt§&%ﬁg%eg%i ro \'/gjﬁ? s or Sgli t ches havi ng
one jya S@ggogam%@mdlaﬂﬂﬁhbﬁeﬁmm i cul ar enbodi nent, a 25 first val ve
i s coupl ed between the single source and the first zone and a second val ve

i coupl ed between the single source and the second zone. The conponent is

di stri bUtP%h%??%%@%aﬁfﬁiﬁﬁﬁMﬁg_ nQwiteh 88ithat coRld De wee itofittishe val ves

whi | e open' e other va _For instance, in order to distribute
t he genperedtliviesy tbehdnianss4 pothe gas deliveiyrmechenismeS0. By¥@Hed and the second

Val Ve ampls, the spatial dstibution St BoAhaTe h8 6kl disRithAoh BRueRAREReNt
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 (hot
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 constifuent or a
30  plurality of constituents. For example, in the case (;f 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

20—



30 to the second zone, the first valve is closed and the second \EaHvBECszﬂﬂé
opened. Although the switch has been shown and described with one input an

t wo q,gbra%:g‘ Sit shoul d be -understood that this is nogceEukinststi on and
that the sw ?ch may be -21 2 9 DEC- 2001 " Q 02/03415) PC [USOL/ 1. 8623

arranged to, handl.e e_out. | decrda@éd SxsdmRh,e, a switch

havi &’%CB??eOf Spﬂﬂ{ﬁi ggﬁ”&_ﬁ? ﬁl}pgﬁelg%%%ﬁll(ﬁs;shaggu 5éd§gdlﬁlze%xtao df@sét ribute a conponent

bet W%gﬁ:rénlf'fa@i%s SERlRIESe0és, of hdiffereates mixhaablogethor. tHiesuppld, t hree val ves
us

may ed to distribute the conponent tpo the appr b tor.

Fur t eemprnest 8%is prefeghlyt dediverasl viar SHgle JUEse @ﬂ%%‘i’“ﬁ’ﬁ’d”@gé &S?‘ltt%elg&f n context of
power and gas.deliver | IL.: PR o dasntt he concepts
coul %Prlﬁ‘alué%ﬁtihgarquﬁb%ﬁgﬁg%ﬁ%%ﬁ%ﬁ%éghg%%\%lﬂﬁhgﬁgirs exanpn%pe, "the swi tch may
be UgEehdnBuIRREBRIER! Aldehitivelyya plerdlianefsvsrass couldibsgsebioggrRliit s such as

t enperatiure, bias power, rragtg]gtism 10 afd he[ like. 1’ﬁ3 %%9.&&{3 be

appr empanedi(s)daéie 8 witgl Y- Rgrpxamp ee?n%ﬁ? SOPE Lot ke MR T eci pe
control . To further B ' FEdsul@Be Bedpk hi me verses

di re“f‘f}tPPg’ﬁaﬁ{%gT‘afﬁ"mfg%atgﬁéw ngaﬂ%seggxggﬁqgﬁ of a swi tchﬁmg,y function of

t i MBgechiid dGERERaNREh\Ewitctn BlowkSereitsontildrbapoie thaisheagastelipfBifent i on. As

shown, the diagram 100 includes a tinme axis directional axis, D

The siiwessds prohibitivelshizh, aqutﬂegpérm SPHECS % &%ne@%(?eﬁg%(ﬂ directions 102 and

i 4. By way of exanple, the directions 102 and 104 may respectively
rrespond to the first output 84 and the secaond ouﬁﬁﬁ} 6 of, Figs. 2A & B.

Fur t her norTe, eldtoeatt ifrtheaythe spatial disribptiancichH0ds gsg5m 3 L PV8Fyi stinct tine

2ppr B AL hAE W e B andTh ot PR dhetipn ofRS 100

appr ¥ nmponents being spatially nodul ated between
di 1 egd i @peadiorl@d cobdition bEie spatiapdistributies. syiteh 3 Ardbiarratiél bet ween

ti t4 ,. That is, th itch i | ti di. t I fi
{1 modistcbitibesywiee s olmRgsOTorR s S GONLEES GOSLAEY b ) Rt 581 bqual | For
3 D8 B R e e Sagubnce. 106C and 10

amount of time, while time sequence 106C and 106D
are omphl 8 138He §s2ond bidpat &M Thismmungenent witierdesippedeorisetly Pradares2 ¢ e

sequence 106C i s erformed for .a.shorter |le i e ile time
sequésedy diggbutian £ SPToRpPen] inmiZIng {rinients, 894t"n She firBRion W &

period of time (as determined by how Jong 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 continuousty 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 isnot a limitation and that the switch may be
-21 -



| onger Iength of time. As such, the direction (e.g., 102, 104)2 % ®&G i268ing
(e.g., t,,) and the anount tinme (e.g., 106) can be adjusted throughout the
proce@smé% _rﬁnhance process 30 undo ity. Fig. 3 is a fhbeywidbpteagn of the
operatio “the switch 80 accordi ng to one enbodi nent of the invention.
For ease of discussion, the flow d| am of 22 2 9 DEC 2004
mmmdlehu@v@smr%@ﬁ@rmeww qemgxgsm%ck\gﬁaa)g}%) 18 “consecut i ve
swi t ches o cobfidhentteivech $hiee bectork ofii t ati on and

t hat™} aqdél}ﬁ&ﬁwtgc%iég éeygtorrgg%ﬁgﬁr?’;ge in a single process.. The

SWi Hieipka@sOftendticr o iioage tecatdlyes aryi hesisad tasdispibiiyhe omRINERL 202, the
direction of . the switch 80 is set for step 1 processing by a controller
Thato e aprAPHRESEHB»  the switch is changed fromthe first condition of

?I g. 2A to the second condition of Fig. 2B (or vice versa) thereby
directing the distribution of the conponent froma flrsielxg put zone to a
second oanﬂnarmbmalthmgh/th@sWt@rt@a}lee pwr apf desribed 1 GO in step 202,

the procegs . tlow proceeds. Fﬁ:%h tsc Bfﬂfeess' ng is
- per Pb‘f""rr'@&?" 28p @ph‘?*p%cﬁ‘ss “rrg“tsg%'?\isp I n F{hggéﬁ%gpr edet er i ned reci pe (or

i ns r@ﬁ%& r&aé.}:r ESthpdrtfitsCad VRN F0f eﬁlelagmwsvma:hrmmymmm comhporestv. For

exa regards to the power, the ma nrt e of the c!:ﬁstrr but ed power
anddelfversdms@hﬂmi;ﬁmﬂ mhmg@mmpe%ﬁ@hesi@ﬂff %P?W‘Ffeﬁl AT Wth

regar f vgh,sg {eRibbioPided | MB, the gas

18 et ?;& %ﬁsﬁﬁ@dg’s(&%‘e& gséa%vc &gg\%&?lo a r%’rrsgd ormined val ue. These

pregﬁ}qug@@@@e\cahms may be I ower, higher, or the sane as the
predeterm ned values in the other zone(s). In one exanple, the 15
predet erm ned val ues may be determ ned in an experinental process, through

trial ang, e9reiabf09at9r 161Ul RIBB il tiiesvobos alivtiandliagnithor m
Fol | ow ng S processfng, the process | ow proceeds.to step 206 where

t he100khoedig the a_pieraﬂoa of wiswith 80 firmctian ofitispe, 48 agropiapER WEEORRg by a
G onembrdpegs o g PR it K7 aibte i e JORTGRGS R L, B0 a)
t herrelny it REbhMGS) ©. dite difebitnabaxig D, ihidividedrinodwo distioat t he second
directions 102 and 104. By way of example, the directions 102 and 104 may
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 betrwrreen directions 102 and 104, but they are also
being time modulated between times ts. 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, 1068, 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., tos) 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
L -



output zone to the first output zone (or vice versa). After the2di rletd i 204
Is set in step 206, the process flow proceeds to step 208 where step 2

procesgi Ls_performed. Simlar to step 1 processing, cessi ng
gener aﬁp&g‘wk@?udes a predeterm ned recipe 25 instructigﬁi@@?%%sg?‘ﬁe

t deli t to foll . | ] 2 ing, th
O aebad oGt sosrs iche: LML eBrE BRSETA, b
pr ocggsslg 9&%%%2%%ﬂ;£ng%ﬂﬁ agj;lﬂﬁjftﬁzo%f@ﬂitéﬁ@ma)} fe fnh@: MOCHSOpProcssst 0 conti nue

processi ng roce w proceeds back to step 202. |f the
deci Shegwitchitgooperation200 essraily bdgas at btep 202destep 20Rothe dredivady to step 212,

whi ch signifies that th i . 30 To.el abgrate further,
el S LLes Lhal (e process s done. Aflo iEhabSiaLe ysuper an
to Ffﬁ%hmfﬁ?d@oﬁm‘é_ﬂr& Bndifbh 65 Fio! 218 k4 el 860 RABT0R S FRE DBFosHeeup 400 for
an al um m net a

I'zati1on etc rocess, in accordance wth one enbodi nent of
t he ve2&) WordlR/ dirtiby BETiFIIRG0N bE 62T opresenttfraom e émstiogiput Bymatay of exanpl e,
the recipe may be used in a reactar si.m.lar., to | asma react or
dos PP Ramo/ et K Be gireqiendt o ufleof 200, ofl bl 510 1 250
geneﬂ%ky cbéHfs tsgfeg 204 RitidfeAdtdrl Vpidbestingls pd@enads®p plpisckiihy of parameters
404, éh may b

adj ust ed "t hr oughout the process, and nore particularly
at  egenhrally indhedes apeletamined scqipaiot instrugiians) fardhespmpoggrkt delivedm t he cent er

to the_edge of substrate, Tk r t ' | ude, but are
Hot q‘??ha{”gﬁ‘tf’(f?ﬁ%wt ?Feexﬁﬁ’é‘}e%hﬁég%c%%&gég%%ﬂ ﬁlﬁ? ) ang%gl laposition 412, a
fir sdisthb@ea Pawer Ailbine disaitadodtigesnd et at eprl@ermanedivalde.gl&tH | ow rate 418
and a gas flowinlet position 420. . 10 The tinme 406 | s assogiated with the
t i meregardsyiel thp gas Hewhe Howiratssthe dustabntion tppe, the gag chems e‘b‘ﬂs?l BEY ol s the

dur gt J f Nl I A VRS iRti6der,W th the
pomearraﬁ%é?gyl?g%?? E%ﬁ’ggﬁ | veﬁggﬁtﬁ% %e{iﬁ%&%& ect rode, \;\S%gt her ?rhe I nner or
out driglen; dr.the Sdnee axtht predstetniioed w4lRes iv the sber zomets).win ¢netgxenpis et ion, i.e.

i nner or oute oil, qf the .del.ivered power,.. Th ir ow rate 414
150 psedRtormte VAl b et KE efPeri procdte, phbigh #Pand 0 10 5 12
par terRf thdfodiRE B pREREEHE i8 StefBBandiiefos@cond gas flow rate 416 is

associated wth the flowrate of a second gas, which is part of the main

processing gas. The third gas flowrate 418 is associated with the flow
rate of aFotle)!wrir(ljg &gﬁ 1 p%'e%hg', ﬁne%%ées? How 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 illusirating a partial recipe set-up 400
for an aluminum metalization etch process, in accordance with one embodirnent of the
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the main processing gas. By way of exanple, the first gas rray' beZCQ-IF[éE,-C 14084
second gas maybe BC 3 and the third gas maybe CI|. The gas flow inl et

posi ti 420 s associated 20 with the direction, i.e., ] r out er gas
I nj ect"%rqz’ﬁﬁl?, of the delivered gases. The process belé(lﬂr‘l@ggjtusg%:’ep 1 where

the main process gas is inputted into the process chanber. As shown, the
Mai nprpseac asentias ByasapofFasmpleptheretipamay bensed/iBe pasaareactofaiiilét ed to t he

i nner gas,injectio ort, .Step. rocessi.n t] ..seconds (e.g.,
25 Sode PhRAteAt e bed g RGBS e Tty el Roch s *C OIS e
pr OC&ﬁﬂgenEﬁll i6Bindes MRGEryOTBlehHBET atiai plupdity SepacametelsdiOdy whiehi s powver ed to
700 watts, and the nain process as, having, the anfe gas ratjo 5/20/80,
contmaybe adjostet gwoeghoutibe pragess. yﬁg"ﬂpﬁﬁj RapiquiRLY# erch ofdhe pfeps %ﬁjoc essing
continues for.10 secon ' | Fald, bRt tiMe  =15).
30 &Ptpé?éqcﬁémb%ﬂﬂleg: irgﬁﬁ%ﬁg%%%c%#&{t%%%égggQ%Sgg%é'ggé]?o St eps 3 where the
700 WAk exROPRSin€10s, bitkes nbidinitecrtpph timd 406, dohdeatrde powet 408%ant he t op

el ectrode, and the nai n,process, %gfféﬁha%\éi,ﬂg'g'%‘ rbtq%l g&%grgtqi L0/ 20/ 0,

c harfgélspasitionct iZep TEs Gabety /e ¢+ BSSHEL 8 FBE THe* * 245902004 0 DEC
Zooz}ra%gl%%g?f%a@fﬁjg L6y outer gas injection port. Step 3 processing

conti nues seconds (e.g., starting at tinme = 15, ending at tinme =20).
Foll owi ng step 3, the process proceeds to step 4 where the distributed

ower, haying a .power setti of . . ' Lon and begi ns
% be app %@mﬁgﬁgéﬂéwﬂé?de‘xﬁﬁ*%&m?%%ﬁ%@ﬁ gg@%@%kéﬁg?ﬁ)on, t he maul
pro%ﬁgh%@@ cOnthAYHauABR YF &RE sfep! Mhe 2leeBb@Opowdrangdsaddotierti on and begins
to be delivered to the inner gas injection port. Step 4rf§{oce si ng

contwithiéss fosver §e.ge wetigsiclivered io the tapglerdrode, whetherthoipner e FoLk i ne =25).
Af t t he conpl ef.i,an_of . -4, 165 S, : 5 where the
di sﬁt}acﬁﬁéﬂ’s’g&k&? lﬁﬁ??ﬂég(gglﬁgv%h c!;ﬁ)@ﬁ\/\e/eclr%lg’glﬁ i'ng rg)? %%gc%]gﬂ?g@c hanges
di r efelivered dOer MEBI MG dad 6% rae A1 4 ddaskociateé wilhrike flowirhted.gt.Isecttbp el ect r ode.
In addition, the main process 10 gas, ha\éi;hg% a ratew as r geH .10/ 20/ 0,
Bharefastingt gasc whish inpwrt olige man oSSBT S OBE %&g_ i nj ection
gg;ﬁagscq%gtgcgm thhSwS R EPk Secbiid Phe, S @s Phrt 3Pt mAlh pPocREAREESs. i t shoul d be

The third gas flow rate 418 is associated with the flow rate of a third gas, which is part of

the main processing gas. By way of exarple, the first gas may be CHF3, the second gas

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

M-



that the recipe could be changed to etch process other netals ag QMQEC 2004
Furthernore, the 15 recipe could be changed to etch process other nmaterials
i ncl udiggoMisglsectrics. As such, the main process gas mayingeigsst of other
types of gases and/or other gas flow rates and ratios, and the power nay

be adj usted.to.differgn : . £ 1 Al 4ihe Yohme Ehe

di rec‘iuilé?frgaﬁfnj%c&%?oﬁﬁ%e ag'%(l:éﬁgasng@c/?% Uring ﬁ%,gg o@e/gr'r’ent i O%ed p?ocess, i t
shoul g Qﬁﬁnﬁgﬁgﬁe 90! Felleving steh0sihe pootpaneotesde tiudieh 4 wieiathe he sanme while

t he ot_ﬁe_r changes. It 20 should al so be noted._that éé'%e.ti rr%sbcoul d change
for elgtibpedpewer, having ¢ Rew PPWEY EHEWR AL S6f Wags,hanges GIOEHR MADGeS o
l'imtation... Mareover t a a@Vpreedts das f Ol | ow

di ffé?i’ﬁf‘m?]felrggo cea(f(?%esr c?ﬁ(? Eﬂ{eﬁg]g Q@ﬁ%{/deé Egﬁ%dgﬁ%%q%?f fer elﬁt&%lgnps during the
PrsOC &pFing d dbwogdirhticosr20/80sdbanfet diectit aud Hepas thpe delrtered fo theinpar ti al reci pe
400, it iIs meant that the . recipe is ogléa P rti.sgn Of g er_l_ti'di'ﬂe reci pe. On
a si rap HHehion@ort; $teg AaupeesHRs erutmes ik e second %r%c gLnga ﬁ?ers ot a

lim takd DHBATA AN &€ PrIdSIsQH step SRIIREESS a
substc;ﬁg%ng%ﬁﬁlg._tzgﬁi S a;[% %&ﬁé@nﬁg‘&gﬁggﬁeﬁg%el i vg{bs nec.ha{r?_?sm 500, in

ac conbadickibutedipoors haeimpadiewsntwen feitihgof 7 Mswaits, chapeas flisectioB@nday of

exanpl e, the power delivery .30 hani sm,50 .respecti v orrespond to
ho. oise oy AR & ey Sot o PR det dratoer e FRioE WEREIEtesF 0| PPy
TgChank 33y R0 H6 ek 2hhio/ 10/26/0 U8 HirsEt ROMRIbeBitRAb Ye delivergbivahat or) 502, an
el ectrode 504, a match network 506, and a high powered RF switch 508. The
el ectomtrg gasdjectiosbordies two coils, and nore particularly an inner coil -25 2
9 DEC 200+ WD 02/ 03415 PCT/US01/ 18623 510 and an outer coil 512, which are
electrically coupled to the R F power supply 502 via the high powered RF
swi t ch 501t tigéxaukite salitested atars Abstch poctssdt stonbdbe apprecdgted s, it
shoul d be noted that this_is not a limtatiqn. As.a_function of tinme during
t he @%@&@Qpeéa@ﬁbéph%d&?t%PFH&EF%@%"\R?‘?@%%IWFB' Fﬂaﬁﬁéﬁ‘%&k@? supply 502
er é@ﬁ'& ' ik i Idfe] 6. €Ak sulch, one
itlr?rpl g%%%{a IO%@%g%@@%ﬁﬁé%@géﬁ%ﬁ%ﬁéﬁnﬁ%wgﬁh%gﬁll gu‘?ded to be fast
conpaicdaingprodees pismray bunsist abotherdppesiof gasepnd/or piher gas Bow rafesomd he  or der

of ml|iseconds. By swtchi ast. the substrat . sone
conp&osean: %P%ﬁ%y%?%ﬁéé}ﬂggq %’e‘f"é&"ﬁ o %dﬁ?ﬁgggé%gmﬁ%%nd on the
specigd &feclbn bPFow@Sindas cltiped alrfs the effréindntivhed probosk, izhvwldibeé be comon.

The power distribution switch nmay 10 al so be arranged t vvorhon a kHz tine
scal eotefihatione pbthese eameporants sowldirororir thpwmeswhile 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.
Tn 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 500, 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 iliustrated
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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general |y di sposed between the high powered RF switch 508 and tl*?egRIEE;EO\Z&WI
supply 502. The match network 506 is arranged to match the i npedance

bet V\eeﬂ,otola%%t put of the RF power supply 502 and thepptassmusksad. 15 In
nost cases, en the systemswitches coils, the inpedance of the system

chan . Jhat s, .t | 'ﬂ% It 51 ener al |
ai 1 arand phapetsel ﬂ?nﬁﬁ%ﬁ%%ﬁ“@%@'gg&%?ﬁ%%ggﬂ er ¢ Si&‘?‘?l_i’ 22? gﬁc h, the
mat ¢ aENpewerBORFNGARA 508, Althoubh the coils adjshown aapialtgncentricieeils st em has to

be designed in_such a way that .it doesn't have tqo .adjust at all. 20 In one

oo dReraA be nelRG THRLhiS et APRES A% BorRoRet Rt SEIHeI e ™S hat is, the

Tt R AESHRY Soils Sl HEHO BUhORFDodel spPRASGGrobP BB spatialier SUpPl Y
€ plasma 1 0ad.

and I'n"one 1nplénentation, the fixed match network is
a5 r angest theRFgowler iseupledp Boamedmphaentations the highpewesebRF ywHARIS: he pl asma

| oad generated by the inper_coil.. ln 25 this i enent ati on .. £ he power :
del i 9@@%@0%%6‘?@@1@ i @%WW?@Q%%S? escgfﬁ%ildggfpé&?%%[a@ e reflected
povef, Qe B ALS o, BYSWATRAEFAE thddubBBdi6 fenad tol 26 st ebmposite: | n anot her

i npl ementation, the fixed nmatch network is arranged to match the inpedance

bet weesragd dfdhepdaliveredpopiey. Swiichingrasisaispend adbe graciicldhesesife out er coil .

In this jmle t he r_deljv - | o4 S I Nncreased
o cOMele BPE 00 Frthd00 sy ol BE buliBih Bhehold dfhiriyEilmay §0e

b S "Ris6 Be atrardea 16 WORE o @kt tin seule! ITathempdrethe tetdhoretwotkeS0biixed mat ch
network is arranged to have two condit]qns, O&e cgg,dition tching the

i mpe generallynl QW@G@MMW@%WQ% e BFHe s BPRRD 0210341
PCT/ 1.8623 pl a . : | i ot her

condP0F iR Ry O 8 B g S0 AR tirhidad Sk e oADK O 6 1 2

| cadfgaIepav@dupplytshe apdtierplamidload.n this inplenentation, the match
network is arranged to switch between i npedance's to match the inpedance
generated by each of the distinct coils. In yet another inplenentation, the

Hl ner andppib&cadRl WierPhE sptidRafRehd Qofla IR isipshiide dfiRegiarae’ s such that

e match network’ I's arranged to match the inpedance between both the

i nnechaages. ditabis, theiinpeddnee prostupest at digoaereeil ds genseallydifisreativgpithe 506 i s a
t unabl tch net t hat i i ' d
wt dompednBearoiel 3 heintishil ACS Bt Riin Bt S06 nd6ad BEGBRCC under

to adjust rapidly or the system has to be designed in such a way that it doesn’t have to
adjust at all.

20
Tn 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 Joad 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 impedanbe mismatch at the inner coil.

In apother implementation, the fixed match network is arranged to have two
conditions. One condition matching the impedance between the power supply and the
“26—



10 For exanple, the tunable match network is capable of matchi n92 ShdEC 2004
| npedance for a wide variety of changing paraneters including, but not

i m t edot@ozpawer direction, power magnitude, power tipge/usgasseki ow rate,
chanber pressure, chanber tenperature and the |ike. The tunable match

net wot k neral ly includes a wattneter (noj..sh . ar or

ot SRR LB egabe Pree o E R ller RIS MR BE MRSl | e v
ref | getpren e foae supply ayd SepiRmleid deheRdiby the Blisedit Hinlikkween the out put
i npedance of ‘the generator and the plasna_ |oad. Accordingly, the wattneter

i s aimplementation, de matehmstwark is avenpediesamich betwamdppdanesfadalhanged. Upon

deter,m.ning that a change.h [o] 2 “E}zﬂg- . rk can
adj ugfe Tpe Eﬁeqeﬁ%tegﬁg%acghﬁﬁ%%é ar??:g&lSZaﬁ S’l% [ IéUS gﬁg%egg}lgﬁﬁtﬂg? a power
del i werky anesiiatodFafdfraniged RAL0E satileimpddanee suchrthaidhenmatchof t he present
i nvention. By way of exanple, the power del|ivery rrechani@zﬂ; 600 may

r es p@eivoreisyriangaddepasieh the imped g2} hajk ke ivperand; Qg illustrated in
FIG 1. The power delivery nmechanism600 is generally used if the plasna
and coil inpedance's differ substantially. The power delivery mechani sm 600

gener al | yi2dnotties etnhedinaent, Rke maivh heiswopip596 {ser tugeble natcir)eitwod, thatrs el ect r ode
604, a first match_network 606, a, second. mgtch. network 6 and a high
powe PEHIgredIRmaieh @EG@PW"%F@@( ?”bqfi‘/ é@ﬁ‘gmigﬁe? fraredatis @881%8’?5-%(1 nor e

g ) o - . "
R ¢ pGMLE ge, @ict} l}lﬁ:?éggé F%%ng%kgﬂt%g%}e QPhﬁfch%%{he%ﬂeda‘ffﬂéfdi‘a\ﬁ

el ectrica r supply via the high powered RF
SWi t edriebyl 6f chadfinh paramdtére iohiding, hnionot Howled e, nower domete, powercoi | s, it

houl d he noted that this i t a 30 limtation, As a f ' foti

dur | TGRS Bt Lee aat fowr e amgrreru phmult Rl B R pover

suppjile, 66 ﬂﬁﬁl@ﬁt&hﬁ'ﬂﬂ%ﬁ%}eﬁﬁﬁﬂi Achidey deBaietts (IMh shOWRY artamged®upl ed. I n
|

one inplenentation, the powered RF switch is configured to be fast

c onpéor ddteroininghoth forwardandrefosied ravar) s is Bylldigowarin tep rhseflectade substrate

nds_to.see.so osite.- T [ Q34185 8623 average of
ﬁge B%W?r\}%?‘g@mﬁg&a&%%ﬁ%%%?S%azcgfbe%eee%t?%g'f@#a c?g%é%%m%gr ezl606 I's generally
di spgaehtdeb Th&iBa tosde rAceoidinghy theawstirhéter i3iaglanpaiverdetbritinesfi t ch 610, and
the second. match network 608 is generally di stﬁose bet ween the, i nner coil

612 Bdmperiansh efifhe spvemdys rhangrd.« Eperpdgiernipipg thel 23 HpSoReRFed st nat ch
i”re}; “@Elﬁm% mitPEniiWork %:‘f?ﬂst%o &%Flgﬁ’@i{éﬂch‘éﬁéedﬁa daggged to match the

edance between out put the RF power Suppl 602 and the plasna | oad
created by using the outer coil 614. Wth regards to the second

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
iltustrated 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 ¢oils, and more particularly an ioner 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 fimction 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 fmplementation, 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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mat ch network 6Q8_ the second match network 608 is arranged to ngt%hmmf@e?ﬂﬁlf
| npedance between output of the RF power supply 602 and the plasma | oad

creat:?glopﬁoﬁfg ng the inner coil 612. In one enbodi mrengg/iifAksrsst and
second mat ch networks are tunable 10 match networks (as descri bed above).

| th nbodi t, the first 8 . fixed tch
ot wBiekaEe A e et ebp b ditest e AT A R GR B RGERIE ° T AP TR €
mechgRls3e BéRech thedfufel cORBLLant thBhigh @oweddRIF s®itth 610, théthersesmdt | nvent i on.

By way of exanple, the gas delivery chani sm 15 70 | respectively
cor rmsioh netwogk 66 isgese Vﬂlﬁmsﬁdhﬁ&ﬁgﬁ?mcﬂllﬁﬁ%@?‘g@%@h FIG 1. The gas

del i ver hani ..gener i or gas box), a
gas P%Y%?iﬁﬁ?’%ﬁglb&&%tﬂﬁﬁfﬁgéﬁméﬂ %g&gg g?%@#%?@éﬁ@sﬁsgc%ﬁ%%. The gas

04 St hdtpeki 606 iP hidhezed 0 matchahyidgRdinee bgareeh oot bhthe BRI posyeranppliore -
particularly an inner gas injectjon %ort %8 8{)5% ‘%8 g)u%grec%%a I nj ection
por:ﬁoflfggwlgﬁﬂ&iﬁd@mﬁﬂdélﬁtﬁ@g@%ﬁzﬁ < 7521& & 21 §M€ distri PULI (7)86
switc Sirfaf eShip BON switc

t hr SHGRE 8% -iﬂg‘sﬁoﬁﬁeﬁ*ﬁ‘g‘i%‘&,ﬁaa‘fﬁ‘@ P A e e e the. swi t ch

c ondieivwesn, ontpip pk tesRF gawert supgly 002 andithe péasn Igedcrentad by vaingthey third gas
line 716.. shown, the,.second s line ,714.del| the i nner gas
i nj e‘&l?rc?ﬁﬂg(i?t 5?'379‘8’3 %&Wﬁﬂﬁ@&%‘isﬁ?ﬂgmﬂ@ e %@%%ge’g%gas‘ﬁlgt o the outer

S hibefibd LhBed Avd). T asdth@enodide®, Berfirstgntizecondocess, each of
‘?(ﬁe ‘? %g%@%%gesséﬁ tchega)to the gas su| pﬁ’ 702 t hereby changi ng

spatmatth yetwodeseare fized ptchaetvetirks (alsp @s described ebdedor e, al t hough 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

respect i Bg POFstadi | JTtagia6 BHVen! Bebhatisth 700 in anbydancewifhonki ne per port is
needed. Gas distribution plates are_conventjonal .gnd genegrally well known

i n tanhodiment of thepraoptinvegtipnoBy 2y of exaraple; the gas é&é’@@g’g‘?gﬁ‘“{ffﬁ/t he present
jnvepp | ShEd R i thbcHaRisAESTNnbeaed b BKRE er detail in
Flng%gIﬂ@gre%cﬁ%ﬁg?}gﬁ%%gﬁl5343%%&6%&0%%01865% V‘\ﬁz&gr e@gsg ds to the gas box
702, THelpas delvelbprmcehahige 760 géreyaliyrind S gasishgiy B EREb AR B8N f ol d

havi g | ur.al i7to i nlet ..l ines .791(@31 f\[{\@LhCh LEHRUBE 5&976@ i ndi vi dual
gas ‘Q%G RISt éh%afﬁgas Woﬁiswg e-e etﬁ?fg gas sources nay be gas

bot tih 88dQhwo3as ﬁij&éﬁaﬂgio&s, Al iesgitienthly bofinep 88s injdctibn bonng68ar e shown, it

shoul d be 5 undefstood that this is not a Iim'tﬁ_tigél and, that nore or |ess
gas dndlanpuler gassinjestion pori 8, whighhare soupiad Fiths gas hex 492 ¥iadhe8aind t herefore

the d‘?stﬁglﬂl%rndsw%%%. 'ﬂm g%ssui)}mr %h2 kdei§ §a§ td 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 2 plurality of apertures for releasing the supplied gas. Generally, the
apertures of the respective ports are interconmected 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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generally n-+ Q The gas inlet lines 716 are generally coupl ed th rsllapgcalzﬂ%w
controllers 718, which are arranged for controlling and regul ating the

par ame (Fz/ﬁ@f‘I%OCi ated with a distributing a gas incl ugicharsePwdsafot linited
to, gas ow rate, gas m xture, gas ratios and 10 pressure. Each gas has

it fl trol T 0l 7.1 |1

Lol ode MR weardide teanhs 100w the Sop o rod el it b 9TV Y o i

for @g{i&%@%ﬁé@%ﬂ&ﬁ’hﬁﬁi a?hﬁalﬁ??ﬁ‘s%n‘ fek Bned TWE0 walichomel coriigstell e pressure, and
ve s

t he or outputting a l'ow pressure gas to a | ow pressure nmanifold
720. imividha\gas sotrees (oot shpwe)s B wayrehevaiple, fxogdssemgaraiay bpEAYy where t he

gases are m xed,, As shauld b 5_appreci.at ed [ofe} i ng each of the
nass%PYt{%PE%?‘f*t‘rYBPﬁ%fﬁ-s&%}"ﬁgh ﬁag%%ﬁe@? @%Feﬁﬁge S%"gﬁ 12%1503{1}%13?' ow rate of the
L X et fi3SioS @ thaP thidindth BkitatidiCandithdt the Of @R sRSnRE Hndsvan bbaded.t 0 a val ve
722 tor releasing the mxed gases to the gas distributign swtch 706 via

t he The stebdayd smountofzeges o thopderctbastrndisd emeunigfganimigdines ¥e gas ni xture
is directed.to gne,of t.h WO S . LN i | a one of
o SHEELY st £onges it S 73R ArRbBRY cBMBE Y Badk Mo borklitle & OFF L gas
M Xt 91§ wiHiBre!dorahp&l fob Béftrollat anfr@nilitig thepiramtryisaodited sdthond gas |ine
714. |1t the switch 706 is in _a second condition, the gas mxture flows to
the distrémtingasgas mcluding et lingted to; igas flow relg; 23§ HRLTR RS 40§ 295 | n sone

se W, tchi ',5[1_% [ SMlofIBisa gbet ween  each
g? tﬁ%sga]ﬁ%\%agiég%%%{lﬁ%?\ds. %ésttrfﬁ)?alv s‘ftaﬁ%rﬁg&gvu\ﬁe ?%%%gfmr@ay caglsl}esr??he_ gas injection
por t gerdegallyriabiads a vaive gmotchovat)and adlovpmkse Gudt sbow) Thadlownrhetseisswi t chi ng

t : t d | fect t f ) Fth | . . A
and o galing goviain e ok rorginadns Bk Sa il B P g as f M nes or
the Dby 16% PaihicGl &1 R0 @lrd farid 988, Kb BRSwm, TRk are many vays

to a hese effects. "For exanple, one way nmay be to |ower the
c ondpetane maoitfold 72 0gacudds twbingwherg he grsegars mikpd As sbpulddwer i ng t he

conduct ance, .a swi tch mayb ble to be n pef or - gas_exhausts out of
The " trmessing oY ot ielat e Gy Bolibrr i OkS cheBHT el Thos. o

Ps eUgigio§ haPHywihRtof tf mBes gid awbsaljusrRd T Ritdre dfyavs\arofhenfahpl e, one
way to lower the conductance of the gas |jne naybe t e its length.

- HEIE T
Fi g. tos vrdys Ea%fonmelessingihamjxed gesqsita the gasdistRbyicn igb 002 B8y of exanpl e,
the fret gas Tine 712.

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 mixiure 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 inio the gas lines or the build-up of particulate matter in the gas lines.
There are many ways fo 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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5 gas distribution plate 800 may respectively correspond to the gza§ UEC 200
distribution plate 32 illustrated in FIG 1. The gas distribution plate 800
gener gld daydsifxl udes an inner portion 802 =nmd an. nut ecTpEsoLige3 804. The
|nner portion 802 generally includes a plurality of  inner apertures 806

for I easin S.| | aﬁ%@g‘% Each of the
|nne"@iIl %r?ﬁ?"@@ gééd%?r}%tep gasljgogﬁ#g& 58?0‘%21@ an ther through channels in

t he Dlgw@tﬁg5&@&&&@&@@@38&@m¢eﬁom@deﬁmlwgm nner gas injection
port (not shown). Simlarly, the outer portion 804 generally includes a

plurality of outer apertures 808 for releasing a gas into an outer region
of a pro RRODIBY Ry 8P 8xabsle, fhat er connect ed
to one a %%%%’WE@'EJ}KE% ilglﬁr?ﬁﬁthlgﬁlgas dly¥ gutlon 16»‘1 |ate 800 and
eourgaedlsﬁﬂmenpwtesocgmy regpeztivélgcopespond tocthe gmﬂmf;lbutwlﬂn 1,,2 a certain
conflguratlon s 15 sho for. the g@{éure “g sgnqgl? ould be noted
t hatillegyatad i ERE; Hulbs 2asdstubiifiop plate, € BHECTEEY qu Si ng e aperture may
be %gi&ank’,ﬁ%epﬁéﬁ%n'sﬁmqgl gﬂ%reeﬂﬁ,hsmr&ﬁém@mcﬁa& d}alﬁrﬂit?uifl on plates are
art and for

Nnown the sake of brevit not _be discussed in
greaﬁlﬁmﬁﬁh&eésomrﬁéeasmgatgsmemmﬂememﬁeoﬁ@@@f@ﬁﬁ@mb% Eﬁ%%ent i nvention

of fers nunerous nt ages ove the di nents or
|an€€ ?ﬁ@ﬁ%ﬁgg e‘%BF’fg 8fe %[*O%Qr%%%mg%w ng g%van ages. One

acﬁgmﬂm%@ﬁtla%o@%ﬁ& 1éd%9ﬂtﬂﬂeﬂgassmecﬁmmﬁ@dt showagsSintidmty, ol . Byway of
exarrp e

present invention can be used to contror?lﬁ Ege concentration of

i onghamttenmtionBe4 gemevallyiinakedes opdurplinyof aiten AperaTes 08 egﬁﬁﬁ:‘esm ng

chanmber. In order.to achieve process, the

pr e<E2R LY AY QET THFIGN 0 A RRES ¢ &%@%%tl%@ﬁgﬁrf%tﬁ %ﬁglle?%te) di stribution of
CO”H&@&Bhﬁectﬂiﬁ%ﬂe@hém&rtﬁi%ghe]sammﬁlsthen@hdlsh-ﬂmpmpMGS%aMer for a
programmabl e period of tine. As a rezﬁ %& the incr ase%gcontrol uni form
prom@ﬁ@@@@t@@@@ﬂiﬁwoﬂdnatfép@& nﬁ@?’é"’l P&%in the prior
37 L & {tho BANARLAME 0k shBS: HoBRAMnd MR 4t dofifi BBratisaiarg beost  and

e system y providing a distributjon swtch, only one
corrn@étembrmﬂipie,aﬁngleeplmiaramdybhes@‘m?oeththelmlegamiﬁufﬁf@@@ﬁ gn is reduced.

-30- 1 :3.1 WD 02/0341 PCT/ LJ S0l has been
des &asdistribyjiongylstes & ﬁéafaé% zp@é%r Wé shife 3ﬁr§w’t§%ﬁpﬁb%
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 conirol. By way of example, the present invention can be used io
control the concentration of ions and neutrals at various locations within a plasma

25  processing chamber. In order to achieve gfeater spatial control of the process, the
present invention provides for spatially modulaiing the distribution of components
among different locations within a process chamber for a pro grammable period of time.
As a result 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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. . . . ZQWEJ.EC 2004
enbodi nents, there are alterations, pernutations, and equival ents ich
fall within the scope of this invention. It should al so be noted that

there @p9,/41¥ al ternative ways of inplenenting the ngchase: s
apparatuses of the present invention. For exanple, 5 although the conponent

del i ver chapi smis descri bed and, shown i | asma reactor for
processynﬁgﬁ%w&&@%ﬁ%&?ﬁ%ﬁP%PB%d,“’1 Fn%oggf’%&%gﬁﬁ%%rgg tﬁat other systens
coul g BRBInénts Bicfetsd RiddiRhs AtmEREBRY andéquivitertowhivhefall withiri ther y mechani sm

For exanple, 1t Is contenplated that the conponent del|iver chani sm coul d
be umpebﬁthimentmmltﬁmgﬁcﬂlmbq}ﬂﬁ%de@é‘ithg‘*%@é%ﬁ%?@&i‘?‘é’s em cal vapor

deposi t i CvD), 10 .t hermal _CVD - ' deposi t i
( PRy egpE b meinds A4 fRbrties sh P BURe R IAARGE 1NHRRle, AP0 PhR T ker
as WaiHoudh thetoYuRhekt deliverp hashmigh e deraibedraad shiwe in tenmebfhi ng (RI-B)

magnetical |y enhanced reactive ion etching (hNEﬁI E), ‘il ecttilon cyclotron
r es oplasroeTdaEIORSor pagressing samiranductor s¥hsiatss.dt shopld be noted b E | ated ¢ hat

the C%&Qﬂ%ﬁd %I%lhlr %grté/chg%ﬁgsamdsﬁ%tﬁ&?ge& e defitidiRefySbaimisalit si de of 15

seni & 1 ocessing.* For exanp magnetic or optical storage disk
N UF@Céxefaphy it it boritamplard e tice coniponeedictitey ndvbarisin aonidip uspdanded cl ai ns

B B Ct o o k0l L Bk SLL oL 15, ReLTM apEns, and
1Y CRELAR P Bifenta Qfithncial MBcal Sath AbRAinPEEVTS, SRYEMAGAIC! | very
smrtor I STriopu ne

mechan Ing a conp nt~ 1 nside a ptocess chanber, the

conpdspesition VD) esdbchstsputterimgend the Wy ks wpll e% dryeiching, plagnp pisEi®gs chanber,
t he conponent. deli nmechani.s conpri sing: I i of conponent
out W@W?ﬂﬁﬁgﬂémmﬁﬁ%ﬂ%ﬁf% a%‘weg%%le@ gtﬁe\@%]?j’of the process

¢ hanfigdiront d}E1oRloH rédokhtice qECRY BRIB fike. MiirihefrBorett s wlsmeomemplatedt a first
conponent output arranged t0 output the conponent to a first region of the

pr octbsssthe kempenend delivers mechriiste oorld he ARPLis i BSIERT awtgidg of o out put the
fq? gp%fr:lqe}nt 8t8ﬁ8:}fsﬂe§§§%ﬁldg. "o 'e)?anmplgf mh 48P GfRR GBAFR M sk thRfuthdiublg. " €91 on of

It is therefore intended that the following appended claims be interpreted as
including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention.
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corresponding to a center portion of the work piece and the secofdj @ggimm
corresponding to an outer portion of the work piece; and a spati al
distribution switch being arranged for directing the conponent to the
plurality of conmponent outputs, the spatial distribution swtch having a
first condition, directing the conpagent to the first conponent out put,
and a second condition, directing the conponent to the second conponent
out puw t he sroatie}:i .distribution switch being arranged to nodul ate between
condi YYRA5'S 6'APGY -1y distribute the conponent inside the process
chanber dupi nbipeesssid@livery Techarpanedbr dglstrMBuYingechasbmporferiteci t ed
in claiml wherein the spatial distribution swtch is arranged to stay in
one cividdei arprogess chagdsretheneemaenait being reetoioepreeess e work

conce [ f e 0 L QSi t e '

o occRla Wi S Sar AR PR bEE, e imRbREAE I ANATSE bt fiEm, |

wher ecamgrieingonponent is a gaseous source material, wherein the single
conmponent source .is gas supply box . faqr supplyin he gaseous ,source
matorial, ArAiUGAURERH CHEPEURBERAPUHALCLTRE A8 hers STRRGE NI 8 f or

puts *HFeE™
rel ea&éeaegher.e@?@ﬁow BRI BEoSBE ST ERANIPYIO e praedisy 6hasdMponend3 4. The
conponent deliVery I

mechani smas recited in claim3 wherein the plurality
of gasutpytscincouding as léast adérsdtcdrepeneat dutput gaganggedeiaitpupdhe and a

S reo Bt SR 4 Te: 1o gt D5 aBRo Rt SEaER e bh AN AN A RBcoRt: o gne®
i nj ecéd@ipdHEit oatsuttapesqel ¢onsitpianhedcoaiidmgntt e ageeeond ssylone

material to the second gas injection port. 5, The conponent delivery
mecha®f sthaisPreessedchandel mthewdtisti regdiofe #§ ridie gRECGETScENBMBSSrt i s

o oo eR e S RO HReTOHL S8 B REI nlethOsh uhel seEenn o, 11
r el eassgivhecgassposidingitoean water ipairtiontaf thesewokdieegi amdof t he process
chamber. a spatial distribution switch being arranged for directing the
component to the plurality of component outputs, the spatial distribution
switch having a first condition, directing the component to the first
component output, and a second condition, directing the component to
the second component output, the spatial distribution switch being
arranged to modulate between conditions to spatially distribute the

component inside the process chamber during processing.

2. The component delivery mechanism as recited in claim 1 wherein
the spatial distribution switch is arranged to stay in one condition for a
predetermined amount of time to effect the concentration of the

component inside the process chamber during processing.

3. The component delivery mechanism as recited in claim 1 wherein
the component is a gaseous source material, wherein the single
component source is a gas supply box for supplying the gaseous source
material, and wherein the component outputs are gas injection ports for

releasing the gaseous source material into the process chamber.



The conponent delivery nmechanismas recited in claim5 wherein thegf[Estygg,
regi on of the process chanber corresponds to a center portion of = the mo#k
pi ece, and wherein the second region of the process chanber corresponds to
an outer portion of the work piece. 7. The conponent delivery nechani sm as
recited in claim5 wherein the spakhal distribution swtch is arranged to
nodul at e between conditions to spatrally distribute the gaseous source
materijal s tween the first. gas _injection port.and.the secpn as

i nj ecti on gﬁ?tC?ﬁEFEHV“éﬁ?bggf%d“?ﬁéangﬁﬂ6§§ﬁggﬁﬁgn”bfﬁ?%%qgagggﬁgnsource
mat erfijgd %IbﬁélY@ertdI}@s fih[edticporseaapriideditonedt khBrdir gassimjebasher
during processing. The conponent delivery mechanismas recited in claim!|
wher epartt aed o BeCRast Jps BHReY9n pMér and whereimire seaisdridatrikviipBe is a
power I 4 YA nek : | : s are
o1 ect s SHERcHas & fR4PRONGRMO R BiPey A T RIS RBuTEERAREHAOH RHE
chanbfirst ghe pgeptivanpode! andr @ secbadi sondiiorecdiredting dhai ga8eohsrein ft

; 2004t the plurality of electrode coils include at least a first coil and
a secHPice 03t AI64Ne4586P N0 SRR INREFH@TPPHe spatial distribution switch

has a first condition, directing the energy to the first coil, and a
second condi tion, directing the energy to the second coil. 10. The
conpdment Tbei vemporesiadebvers meehasismasiracited thelainh 4 Rehehi&iBt coi |

is arranged,to pr.odu n ectr] I eld, i nsi fir regj.o f the
o 2 5 SR o T A EalbRH I TR ] BBl el L
el ectiiatefibblidtd Nai fifsta reghandof eBeoprotesdecimbess aithnbkereihl thdhe
conponent delivery mechanismas recited in claim 1?‘ wherein the first

ry
regi GFEVING n@apr biesHoRhRAES cBFYRhde r8lepssdher 95§LOUSH Sgurce

material into a second region of the process chamber.

6. The component delivery mechanism as recited in claim 5 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.

7. The component delivery mechanism as recited in claim 5 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 sécond gas injection port thereby effecting the
concentration of the gaseous source materials between the first and

second region of the process chamber during processing.

8. The component delivery mechanism as recited in claim 1 wherein
the component is energy, wherein the single component source is a
power supply for supplying energy, and wherein the component outputs
are electrode coils for producing an electric field inside the process

chamber.

9. The component delivery mechanism as recited in claim 8 wherein

the plurality of electrode coils include at least a first coil and a second



the work piece, and wherein the second region of the process chdnbeC 2004
corresponds to an outer portion of the work piece. 12. The conponent
delivery mechanismas recited in claim10 wherein the spatial distribution
switch is arranged to nodul ate between conditions to spatially distribute
t he energy between the first coil agd the second coil thereby effecting
the concentration of the electric freld between the first and second

region of th ocess ,chanbey. dur.i pr.ocessing. ,13. The conponent delivery
rechon St BRPFER” hecPaRtit nBRaRioHT R 05% acdiet BEdiBronduct or
substdirbetingdthelBAcEPURONARLfifkR| dMEr IndRCBABLAM @$nditiont drddtirtgd #hén 1
wherein the conponent delivery nechanismis used in a plasm reactor to

ef f ecenetdetatbarheasind 684 and neutral s inside the process chamber so as to
uniformy process the work piece. 15. A spatially controlled plasma reactor

for processing a substrate, conprising: a process chanber within which a
pl asmb0i s Dhéhcompicrethtaddlivenshaecleanfson dheepitedelsichgim @ pdveeinel i very
mechani sm conpt,i si ng, 35 si ngl e power source,.for . generatjng energy

Sut {1 EIReHT By OBilr Bn§ a8 G4 P (R OSHPS 881 GISFTT e BiChdTRId0an WRLCEOMRI. coupl ed
to they pRYEHrsO8ES Echald ! e5hd Offchar Nledsebbhal codi is adapgeacesd coil,
the first coil being arranged to produce an electric field inside a first
powerp sty aen aof e leleéripfieldsio sidhauzbee cand regéiors @fdhe risidessechgmdaranged to
produce an electric field inside a second power region of the process
chanber; a power distribution switch di sposed between the power source and

the inner BRE curhponedi!deldferynmeddreaiisedas fdwiterPWerclglingt10 IHdrein swi t ch
bei ng arranged for directing the energy of the power source between the
i nnerthgntirguesiopq?l the precess 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.

12. The component delivery mechanism as recited in claim 10 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.

13. The component delivery mechanism as recited in claim 1 wherein

the work piece is a semiconductor substrate.

14. The component delivery mechanism as recited in claim 1 wherein
the component delivery mechanism is used in a plasma reactor to effect
the amount of icns and neutrals inside the process chamber so as to

uniformly process the work piece.

15. A spatially controlled plasma reactor for processing a substrate,
comprising:

a process chamber within which a plasma is both ignited and
sustained for the processing;

a power delivery mechanism comprising,



a gas delivery nmechani smconprising, a single gas source for gegggangggmk
process gas which is used in part to formthe plasma and to pr S The"
substrate; a first gas injection port coupled to the gas source, the first
gas injection port being arranged to rel ease the process gas into a first
gas region of the process chanber;S% second gas injection port coupled to
the gas source, the second gas i njection port being arranged to rel ease
t he process into a second.gas region of the pracess and a gas
; B it ’

ha
di stributi8n m'?cﬂowegp%%%é "§a8NE6SY B G StTom% Oand

out er jfifise igH e s RiInPPIet pladrhg; gas distribution switch being arranged for
directing the &;cess gas of the gas source between the inner and outer

gas i nj ect Bonematiede 1@upledotmdhenpowear seuicencitivagieshrede Baving Buting a
conpo n S h t Iyn ocess a
work TRt callBhH ey BESHE Colb SR rst, o) BRTRY e anBBTEL S RLES BROTPST,
gorrpregac“tglc aehbmﬁlrdﬁna ﬁmirpewfamlrregmplo'ﬁ ]Eigatmeceeapummberaarsqbaheal f

i stributiqgn switch having a,single,input r rec ng the conmponent from
t he c%ﬁbbhgn‘t‘”é\no‘(ﬁ'd@ g “%éag't”da‘q st € "g%‘% ?é\r@i g""h”see@oﬁﬁrlgﬁtqput for

di SCh?bgjé}g- GnQWWEF'éceésh%h%\%ﬁ@P havi ng at Ieast 9 DEC 2004 36 a first
condi tion, directing the conponent through the first output, and a second

condi ti on, acpcpwerudngtrtmﬁlmmmhdmlsm rbettwgeslethmﬂomrpmurca andast a

out pullbanar b et At b e el ARRRer EbEs VB gt bt ERon "
Swi t cheire@ridieg 66 FoRd iFEtPNeRE Oné iyt obehagperneplsedirce hdvsesane out put
of the spati aI distribution switch, the first conponent output being

ar r anéterf 3nd QUttentaailsg @k conponent into an inner region of the process
chanber, tlgfgéseggqqeg QEﬁQﬁlsW]EOQH'th arranged for outputting the

corrponent an out regron o ess chanber,
a single gas source for generatlng a process gas which is used in

part to 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 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.

16. 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:

a component source for supplying the component;

a spatial distribution switch having a single input for receiving the
component from the component source, and at least a first output and a

second output for discharging the component, the switch having at least



the first region of the process chanber corresponding to a cen@%g BgPtZ%%
of the work piece and the second region corresponding to an outer portion
of the work piece; and a controller for controlling the spati al

di stribution switch, the controller being configured for directing the
spatial distribution switch betmee%Gat | east the first and second
conditions, the controller performng tinme nultiplexing wth the spati al

di stributi .t ch t ffect th trati f th t i
the i Andretanenaiiiall JEGEBRY e coRPRRSRLITQiahle s ouloll A0d Ror
procegskBAdac YR ikidM, afife ¥ih§ tReCCBRBBRRNt AR rdugRtREasscIRf bRgpuLonpri sing

providing a process chanber within which the work piece is processed, and
whi ch incl atideaat a Bast canfrangnippotiulspng a AREONhECMNBRRBAH OpBEbssi ng

Zone, Erf@?ﬂsfﬁ%689&%%&#@?@& rc}o:Lﬁzg?afto L ripef Buggnlgtcgfttﬁ%%epéﬁéjlcessem

out putting t he cofponent processing z process
chanbdrstripwitkorhismgtdhr,oemtihehd isetond awespongnz andpud hdiagseoapiegrtocessi ng
zone;  .and out putting the conponent into the secopd progessing zone .of the
oot GRAAEL outBlt RTCt SRR R TVRH O ReR AN HhPoi Sl COMARIETHg a
conpopgfiut bBMd@rfaRgeaeRy GiARg tHE COMPOREAL iMRI BA WIRG feyiBhoCess a
wor k 2 Q&IIZ)EC 20%4 37 %i ece wthin the procg@g chanber, the corrpe(c)gnent

del i vef fhemuobarssmhambepr the sgcoadptampangntod uipardisgtamangedsfdror
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arr anged firot edgi of hRegoraenEhamberf ¢orbspeaidong ab 4 kenpeppestioahanber
and ao?et%%n%vork piece and the second region corresponding to an outer
portion of the work piece; and
a controller for controlling the spatial distribution switch, the
controlier being configured for directing the spatial distribution switch
between at least the first and second conditions, the controller
performing time multiplexing with the spatial distribution switch so as to
effect the concentration of the component in the inner and outer regions

of the process chamber.

17. A method for processing a work piece with a component of a
process recipe, 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;

switching from the first processing zone to the second processing
zone; and

outputting the component into the second processing zone of the

process chamber.

18. A component delivery mechanism for distributing a component

inside a process chamber, the component being used to process a work



conponent output arranged to output the conponent to a second reéﬁgnDngZUm
the process chanber, the first region of the process chanber correspondi ng
to a center portion of the work piece and the second region corresponding
to an outer portion of the work piece; and a spatial distribution switch
being arranged for directing the cgpponent to the plurality of conponent
outputs, the spatial distribution switch having a first condition,

condi P, VAT ECTRS OF Rire o ket the BREERERE U QA iERT " ne
spat i @bm@ridingbuti on switch utilizing time nodulation to direct the

conponent to the first conponent output at a first tinme, and to direct the
conponent @dPlURRlibeebfPreBapeRtRutBuipder utpatting dha ¢ompon@hdtsi 4 t he

conpo, h S, OHEP ed. t n.oces h i Vi nent

out pu?ggg(neg 2%5??%“ HE“ {gﬁ [ gﬁ%%éng sgmﬁ?@r?%ﬁé %1ae$t61 g?ﬁgty p?ﬁc%@@pg)@%e t hat

I s comfifpgutsedctwdingnat eastda first aiompopéns catpus adangddw tproadpss thkdanber .
19. The companent deldyery neehani gmas reciied in claiml wherelny the

pl ur ¥V B¥CorPoRent SbutPlLE &'e taF sPTALEST r ONREWETathe? SBERANE hat

they Sempioted|tyo @t RUArbR PP URBUL (Al E8MPIRRaRStS Ba8EEEnd JRgidhe
conponent delivery nechanismas recited in claim19 wherein the spatial

di st rebhutheonpeatass skastharveltledifisst i trgies tafe thepmriosesscoehpmber bet ween

Foci (el ERBRASIE OB P Bractln Pt APV RIERS (A8 R PR M pur s
the ceglenatdrrespontiyngte anf outdepditsdh fttheowpek iécoubpdt s at a given
time. 22. The conponent delivery nmechanjsmas recited in claim2l further

i ncl udi ng & E8RAbighe SERMIAN caWicEs PeintheaTgaged Arstdireeingnthi t ch,
component to the plurality of component outputs, the spatial distribution
switch having a first condition, directing the component to the first
component output, and a second condition, directing the component to
the second component output, the spatial distribution switch utilizing time
modulation to direct the component to the first component output at a
first time, and to direct the component to the second component ocutput at
a second time.

Wherein the component that is outputted into the process chamber
via the component outputs and spatial distribution switch is part of a
process recipe that is configured to ignite and sustain a plasma inside

the process chamber.

19. The component delivery mechanism as recited in claim 1 wherein
the plurality of component outputs are distinct from one another such that
they separately output the component to the process chamber.

20. The component delivery mechanism as recited in claim 19 wherein
the spatial distribution switch selectively distributes the supplied

component between the distinct component outputs.



t he single conponent source being arranged for supplying the con’pf%)r‘?erjljt"c IZW
the spatial distribution switch. 23. The conponent delivery nmechani sm as
recited in claiml wherein the plurality of conponent outputs output the
conponent to different regions of the process chanber. 24. The conponent
delivery mechanismas recited in cl %'?m 18 wherein the plurality of outputs
are distinct fromone another such that they separately output the
conmpopent . .25. The conponent nmechani sm as recited i.n ¢l ai 4 wher.ein the
opat AN i TR BATRSGHY DEHVERT B THANS s Frsiredn e BB Bmponent
bet weg{k tdpratthisHidifib ueidP Bidtc P @istHisuteeMapd eddmeBhenerty. BRAN NS Hfas
recited in claim25 wherein the spatial distribution switch distributes

t he stippdisincorpapanentoowimuts ajre gb¥em AENEi stinct outputs at a gi ven
time. 27. The conponent delivery mechanismas recited in claim18 further
including a plurality of conponent outputs for outputting the conponent to
t he p2RcesThehaohgionedic kiediverpemelchamisiny asf recibgdnant|aim plutfartbeirng

coupl ed to. an individual, one of the outputs of the spatjal, distr]bution

swi t ciicivdifg SgCOMPORRhEALAES RHNIGEr (P ABe RRALEH astiiattioay sWiad) ai m 27
wher gj J ;
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mechald the spatdil distriwiiog swiptlasnma f ormi ng conponent inside a process
chanber, the plasma form ng conponent being used to process a work piece
wi thin the process chanber, the conponent delivery nmechanism conpri sing:
a spagsal vhatebRpdriantsdelicdry Mhe6Rahisth| adigethteddirsiclaibvt] evhéfeinhe

pl asma form ng conponent into the process chanber so as to ignite and

sust dihe PIprakiva afnspawemenratesss cortritr the heompanent a@sgkffeb"@nton

regions of the process chamber.

24. The component delivery mechanism as recited in claim 18 wherein
the plurality of outputs are distinct from one another such that they

separately output the component.

25. The component mechanism as recited in claim 24 wherein the
spatial distribution switch selectively distributes the supplied component

between the distinct outputs.

26. The component delivery mechanism as recited in claim 25 wherein
the spatial distribution switch distributes the supplied component to only

one of the distinct outputs at a given time.

27. The component delivery mechanism as recited in claim 18 further
including a plurality of component outputs for outputting the component
to the process chamber, each of the plurality of component outputs being
coupled to an individual one of the outputs of the spatial distribution

switch.



switch having an inlet for receiving the conponent froma conponeidty 3ilirzgg
configured for supplying the conponent, and at |east two distinct outlets
for separately delivering the conponent to at |east two spatially distinct
conponent outputs configured for outputting the conponent directly into
the process chamber, the spatial diggribution switch including a first
outlet for delivering the conponent to a first conponent output configured

f ha%dm di ! regionof  th
chanb2p’ anting R paG RS Iy Bechbaifhoas RetBan EAIt 2 whdiatpha -
COMPOfRNTp|Q¥A FForbhepd Benf BuPutPublt e the eoRpUIRIHt t6ll Rfdrenti nto an

outer region of the process chanber, the spatial distribution swtch being
conf | gieastd ¥ peeeees ¢h@mberbute the recei ved conponent between the
first and second outlets via tinme nmultiplexing so as to effect the
concentration of the conmponent in the inner and outer region of the
proced$. chandempod@ntTdelivanypnresharie Ver disteibhdimgs an pasregifoediing cl ai m

29 wherein the inlet is capable of coupling to a conponent source

conf i GRINEETES BirigGt 8t REOEBRP oA O &nd fh &X' 8P % hé%t‘l\'iﬁ o‘?%’i"Pﬁé‘?“&utl_ets
ar e 0@@@? @1sid teogpbe@gstQ WPk dbRideN it HIAMRRE epfo UEP WharhBEr Oh Ut ti ng
the conponent to different regions of the process chanber. DEG 200 29 DEC
20( 4oorapongni| daline iyemechartiom, ravpsisingy a seni conduct or substrat e,

for proccdstraligh e SR BENE nb BrholificePabatis i sEELRRiGR R el Ui ng
an i niieksnpd 96eHSn g YIMpPOHeAR iAtd ehe NIRLRSS Zloambdrheo iawnes igniteessd zone
bei ng positioned over_ an inner region of the seniconductor substrate, the

out erSgtRsa RPERRNPoNTINBNEL REICERS Ghdsbebgiihn SRatiAk disEmEdiuct or
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source configured for supplying the component, and at least two distinct
outlets for separately delivering the component to at least two spatially
distinct component outputs configured for outputting the component
directly into the process chamber, the spatial distribution switch including
a first outlet for delivering the component to a first component output
configured for outputting the component directly into an inner region of
the process chamber and a second outlet for delivering the component to
a second component output configured for outputting the component
directly into an outer region of the process chamber, the spatial
distribution switch being configured to selectively distribute the received
component between the first and second outlets via time multiplexing so
as to effect the concentration of the component in the inner and outer

region of the process chamber.

30. The component delivery mechanism as recited in claim 29 wherein
the inlet is capable of coupling to a component source configured to
output the component, and wherein the two distinct outlets are capable of
coupling to two distinct component ocutputs for outputting the component

to different regions of the process chamber.



materials into the process chamber, the gas injection mechanism @B8pBEEi iy
a single gas supply, a gas injection port and a gas distribution swtch,
the single gas supply being configured to deliver the gaseous source
materials to the gas injection port, the gas injection port being
configured to rel ease the gaseous SQuy ce materials into the process
chanber, the gas injection port being divided into a plurality of

i ndi vijdual ,and spatially. distinct ports_including at _ |east an inner port
'y angd 1 6 relatn rebitbott Rulidasingr & | SpETPARGUERY | s tBfcbes
zone ghnidigsipgecess chanber and an outer port arranged to rel ease the

gaseous source materials into the outer process zone of the process
chamber, tBePiaaRES gh@nReein pohich peplapgraadpl igmitas end suatpiaedafor supply

cont | Bin sy BB TR R REALGY S Ehtrall B2 pPLRCEL Mg ABGPIERbGS, 10,

gas sdppinndmn prbeessngoner andt an potér poekesisnzbhe, gtheeduises uoeess

materials are introduced jnto the process chanber through at |east one of

t he p6?h§ it‘rﬁiﬁﬁdef%'d_uc'rce'a_t%‘V’%e‘f"ﬁl dSHE" i FRPWPE tRle PioCceSEIERARBEYCT 32, The
pl asng,pERGOr 178 dReh S ddisCLahe ifti!érnFe'&ePivgf’(er?{ b%'t@tgrél?ioqpmrthge' lvery

mechani sm configured to produce an electric nsi de he process

chanbeemiobadacton siebelrateric fiel d accel erates the el ectrons present

i nsi de the_process chanmber causing themto collid i.th the gas | ecul es
of “the gasBRRS (HAD TaTEsTanem dantigues FF cie"Eultel drttlud Rurf' £ he
i oni Zg{dtefiaded intd ttrﬁélpﬁp@ésé hehahiiss®. tRe9 JdC HjB4tidh FRechbaigthasma
reactor as recited in claim31 further conprising a pedestal for
suppof®MRgising subsingiee GRS i BYPPHOCRSIORG, NiRCHRYePOs! anAcladPA§ a chuck

cont LB SRR 8 BIRIAGES gl bing SERvERRGHCtPuchyBE aLe vier
chuckgaeeogs o iogu neatetrial & dbdt heh g aseimj ectioln giant, thubgtasatrgedtionngort
processing, the pedestal 2 so i nluding an electrode arranaenent, arranged
process chamber, the gas injection port being divided into a plurality of
individual and spatially distinct ports including at least an inner port
arranged to release the gaseous source materials into the inner process
zone of the process chamber and an outer port arranged to release the
gaseous source materials into the outer process zone of the process
chamber, the inner and outer ports being coupled to the single gas
supply through the gas distribution switch, the gas distribution switch
being configured to direct the gaseous source materials supplied by the
single gas supply to the inner or outer port, wherein the gaseous source
materials are introduced into the process chamber through at Ieaét one

of the ports in order to create the plasma inside the process chamber.

32. The plasma reactor as recited in claim 31 further comprising a
power delivery mechanism configured to produce an electric field inside
the process chamber, wherein the electric field accelerates the electrons
present inside the process chamber causing them to collide with the gas
molecules of the gaseous source materials, and wherein the collisions

result in the ionization and initiation of the plasma.
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surface of the substrate and the plasma, the sheath vol tage beingd
configured to accelerate species of the plasma towards the sem conductor
substrate. 34. The plasna reactor as recited in claim31 further conprising
a controller for controlling the spatial distribution switch, the
controller being configured for diyecting the spatial distribution switch
between at least a first condition, directing the conponent through the

e o0r o2y BndErRRR G LBl SGbl% R BBRBE R i e

nmat erp@lebtnlt Rer gupirdrtiard thet eubBteaesdurieReprotetBmr asespedbsrdier . 35.
The pl asma reactor as recited in claim 31 wherein the gas supply feeds the
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react®n cAsctroeie! aﬂaﬁ‘géihehmﬁﬂaﬁ@@d Qbforhtadifedth ¢6lthg8 beded Shéorned in
a gas distribution plate, and wherein each of the inner and outer ports
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pl asm@” reactor as reci wRer el t e gas su i ncl'udes a

hi gh ggrassomdugias seystrated having a plurality of gas inlet |ines, each
whi ch are connected to individual gas sources and mass flow controllers,
the mass flow controllers being configured to control and regulate the
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gas str| ution swtc A conponent delivery mechani sm for
di st radjm'ohgrafocronpmmitmg the spatial distribution switch, the controller

being configured for directing the spatial distribution switch between at

least a first condition, directing the component through the inner port,

and a second condition, directing the component through the outer port,

so as to effect the concentration of the gaseous source material in the

inner and outer process zones of the process chamber.

35. The plasma reactor as recited in claim 31 wherein the gas supply
feeds the gaseous source material to the gas distribution switch through
a first gas line, and the switch depending on the switch direction supplies
the gaseous source materials to either a second gas line or a third gas
line, the second gas line being configured to deliver the gaseous source
materials to the inner port and the third gas line being configured to

deliver the gaseous source material to the outer port.

36. The plasma reactor as recited in claim 31 wherein the gas injection
port is formed in a gas distribution plate, and wherein each of the inner
and outer ports includes a plurality of apertures for releasing the
gaseous source material into their respective zones of the process

chamber.



i nsi de a process chanber, the conponent being used to process a WBk[Epi
within the process chanber, the conponent delivery nechanism conprising:
a spatial distribution switch arranged to direct the conponent to
spatially distinct conponent outputs, the spatial distribution switch
utilizing tinme nodulation to alterngbively direct the conponent between
the first conponent output and the second conmponent output in order to
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includes a high pressure gas manifold having a plurality of gas inlet
lines, each which are connected to individual gas sources and mass flow
controllers, the mass flow controllers being configured to control and
regulate the parameters associated with distributing the gaseous source

materials to the gas distribution switch.

38. 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:

a spatial distribution switch arranged to direct the component to
spatially distinct component outputs, the spatial distribution switch
utilizing time modulation to alternatively direct the component between
the first component output and the second component output in order to
effect the concentration of the component in different regions of the

process chamber.



