| APPARATUSES, SYSTEMS AND METHODS FOR RAPI D CLEANI NG OF PLASMA CONFI NEMENT
RINGS WTH M NI MAL ERCSI ON OF OTHER CHAMBER PARTS 5by Inventors: Eric
Hudson and Andreas Fi scher BACKGROUND 100011 In the fabrication of

sem conduct or devices such as integrated circuits, nmenory cells, to and the
li ke, a series of nanufacturlng operatlons are perforned to deflne features
on sem conductor wafers ("wafers"). The wafers i ncl ude integrated circuit
devices in the form of nulti-level structures defined on a silicon
substrate. At a substrate level, transistor devices with diffusion regions
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insul ated from ot her conducti veCHAMBERDPARB S ectric materials. [00021
During plasma processing the confinenent ring or set of parallel rings
surrounds a plasnma etch chanber to prevent the plasma from spreadi ng beyond
the etch chanber to the |arger vacubniedamber. Generally, these rings are
designed to allow gas to fl oVEriciwlsgtentiir@tas Rscheacuum chanber whil e
preventing the diffusion of plasma. The configuration is often used in
conjunction with polynerizing plasma chem stries, which nmay be needed for
sel ective etching of filns or for ggersriowm of filnms. Such pol ynmers may be
hydr ocar bons, fluorocarbons and/ or~Hydr 6f T uor ocarbons in conp05|t|on and
may al so jo0el]udeherhtiricatimnof soxicgeductos dviess puchab inseamied cirpsity BeRpiellt: t ani um
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striking ga?terlngd grllci[ eliec%!lceaﬁg I(:(I;lnnc-‘:cte(%1 tonli'lae transistor devices to define a desired integrated
15 circuit device. Also, patterned conductive layers are insulated from other conductive layers by
dielectric materials.
[0002} During plasma processing the confinement ring or set of parallel rings surrounds a
plasma etch chamber o prevent the plasma from spreading beyond the etch ch amber to the
Jarger vacuum chamber. Generally, these rings are designed to allow gas to flow through to
50  the vacuum chamber while preventing the diffusion of plasma. The configuration is oflen used
in conjunction with polymerizing plasma chemistries, which may be needed for selective
efching of films or for deposition of films. Such polymers may be hydrocarbons, fluorocarbons
and/or hydrofluorocarbons in composition, and may also include nitrogen, oxygen, silicon,
aluminum, molybdenum, titanium, tantalum, copper, cobalt, or tungsten. The deposition of
25 polymeric films on plasma etch chamber surfaces may be desirable in some case or detrimental
in others. Regardiess, there is often a need to remove the polymer films from the etch chamber
surfaces after each plasma etching operation to maintain stable and unchanging reactor
conditions throughoul a production cycle.
[0003] Conventional methods to remove these films involve striking an in-silu cleaning plasma
50 in the etch chamber when the wafer is not present. However, removing polymer films from the
confinement ring(s) is often problematic. Jt is well known that most of the polymer deposition

on the confinement rings is found at the inner diameter surfaces of these rings. Typically, the

length of time required for in-situ cleaning is determined by the relatively inefficient removal



30 in the etch chanber when the wafer is not present. However, renoving
~polynmer films fromthe confinenent ring(s) is often problematic. It is well
known t hat nost of the polynmer deposition on the confinenent rings is found
at the inner dianmeter surfaces of these rings. Typically, the |ength of
time required for in-situ cleaning is c&?term' ned by the relatively
inefficient renmoval 2 rate of polynmer filnms fromthe confinenent ring(s).
The ot her polymer-coated surfaces within the reactor may be fully cl eaned
by a significantly shorter exposure to the . in-sity cleanin | asma.. As a
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[ 0005] Broadly speaking, the present invention fills these needs by

provi di ngP3ftpr oved appar at uses, met hods, and systens for rapid renoval of
pol yner fjobedy Ih Fem qitesiopgolds, therefis neerrfor 7 fapigsn-wini ¢leanfriznigibod, Arpaeatisspion of
ot her plasma etch chanmbher conponents. |t _.should i : 4 he
preseht | ToEmt thah isc 8PoHES AhbTehdith B@yxin ﬁﬁmnse?rgﬁls&gv%@ag?&?%gﬁgﬁ?%ﬁ :‘;slhlilehn
appar at Usy;idmnPalnediand ta @is bRima Selv draalbet songobéme enbodi nents of the
present invention are described beIW] I n one enbodi nent, an
apparatus used for rapid renoval of= films fromplasm 20
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with a channel defined al ong the externﬁ ci rcunf erence
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therein. shofidrs¢ appreciated dltirte® Presordi BFHERY R (06 IHPIREREH MBIMENS ¥P6ng t he
external circunference, 25 18 aCERt LhyRs el dfal WhsHioL Rmbb@mkhis Sif thd asma
source i smﬁlﬂﬁ‘flfggdﬁraélda%ﬁéﬁé?’r%ctéag) p asme to the inner circunferential

surface ofretdneineanibh nendentibed bdowt ack. A second pl asma source | ocated away

P T e
met hody f ofonGih&as thea vatdlef mingmizitg erbsign of atdkr iplaswa pitclispfgmber components is
disclosed. The apparatus includes a center assembly, an electrode plate, a confinement ring
stack, a first plasma source, and a second plasma source. The electrode plate is affixed to a
surface of the center assembly with a channel defined along the external circumference therein.
A first plasma source is disposed within the channel and along the external circumference of
s the center assembly, wherein the first plasma source is configured to direct a plasma to the
inner circumferential surface of the confinement ring stack. A second plasma source located
away from the first plasina source is configured to perform processing operations on a substrate
within the etch chamber.
[0007] In another embodiment, a method for cleaning a confinement ring stack in a plasma
3y chamber is disclosed. The confinement ring stack is moved substantially orthogonal to a wafer
support in the plasma chamber so that the inner circumferential surface of the ring stack is

positioned at a distance from a first plasma source. The first plasma source is positioned away

from a second plasma source. A plasma gas is supplied to the chamber and a first quantity of



30 chanber is disclosed. The confinenent ring stack is noved substantially
orthogonal to a wafer support in the plasma chanber so that the inner
circunferential surface of the ring stack is positioned at a distance from
a first plasma source. The first plasnma source is positioned away froma
second plasma source. A plasma gas is §uppl ied to the chanber and a first
quantity of 3 plasma is supplied to the inner circunferential surface of
the confinenment ring stack using the first plasma source. [0008] In still
a.nOt her erltsgoczjlliggtp liecﬁﬁo.d[hg In%&%%cm%?é?%% t%ﬁ?faé’esﬁqhé ggnﬁglgrgénq r{ngrsrt%\éalusi()f thgOI ymer
films fré’mmasnﬁ) confinenment rings ITe mnimzing erosion o Other

pl asma etfef pthBaabernce.5 conponents is disclosed. The apparatus includes a
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[0010] *Fiegirired5 Sy B4 1S Beo i RROLAN e e Fhb A Bna HERET G
conponentssured isalo2fcdpbvasniiors ttichfich alaes souree @adce cdaamezdwiotderforme peeksshiz nent
of the present i nveﬁt%fiton. .ﬁ]oolé%%rgi‘%ur er B, illustrates a cross sectional
si de- vi eRPHFUIDS 9P ASHEURE MEHERBED “WMH " a stack of confinenent rings in an
un-elgvated position, |inBARGONESOREFTMONLIONEE DO EHnt of the present

i nvention. j0012) Figure TC 1S a cross sectronal side-view of a plasm
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[ 0013] Fisguoreralldriesitsa cr oss sectional side-view of a plasma etch chanber
with a dedi ed inductively caupl.ed pl.as our. Ltion ' nt to a
stack of ?@bﬁfFW% PHys® %(?P"gﬁ‘geiﬁlés\t/% %ndggg%i‘?ap%ﬁs, Pu%?\“‘%%ﬁ%ﬁ%’é)%g%?\%ﬁ h one
embodiymeRtas@h cich ehddiRs eiccbiisRtWithbne embodiment of the present invention.

[0011] Figure 1B, illustrafes a cross sectional side-view of a plasma etch chamber with a stack
of confinement rings i an un-elevated position, in accordance with one embodiment of the
present invention.
[0012] Figure 1C is a cross secitonal side-view of a plasma etch chamber with a dedicated
25 inductively coupled plasma source positioned adjacent to a stack of confinement nings in an
elevated position, in accordance with one embodiment of the present invention.
[0013] Figure 1D is a cross sectional side-view of a plasma eich chamber with a dedicated
inductively coupled plasma source positioned adjacent to a stack of confinement nngs in an
elevated position, in accordance with one embodiment of the present invention.
30  [0014] Figure 2 is 2 cross sectional side-view of a plasma ctch chamber with a dedicated micro
hollow-cathode array plasma source positioned adjacent to a stack of confinement rings n an

elevated position, in accordance with one embodiment of the present invention.




30[ 00141 Figure 2 is a cross sectional side-view of a plasma etch chanber
with a dedicated mcro holl ow cathode array plasnma source positioned

adj acent to a stack of confinenent rings in an elevated position, in
accordance with one enbodi nent of the present invention. 4 [0015] Figure 3
is a cross sectional side-view of a plagsma etch chamber with a dedicated

I nducti vely coupl ed plasna source positioned adjacent to a stack of
confinement rings in an elevated position, in accordance with one
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pl asma egﬁﬁn@m@menAdpahaniumidmoﬁa sidewichaceo piasat elthalhamberwidi edniting node,
i n accordance wth one enpqdi nent, of {he present invention. 10[.0018] Figure
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i nvention. DETAILED DESCRI PTION [0019] An invention is described for

net hods, PagsgiriBYegdes, and systens for rapid renoval of polyner films from
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have not 'bee d%scrl ea i n detai I n ordcr not to unnécessarily obScure the
present iaplesntachambgr(io 20jordagcasiditionsembiodiment ofdhe presrgusveNtiosBubst rat e can be

made _of any silicon- based_ mat ei ]IE§| F ﬁ&l E ggﬁ ﬁﬁbOd! nment, the subst rate S

a sem conductor wafer, which i em conductor materi al,

such as gofig) |GARVGEYS ksdkscri¥ROmR: WRIHGHs, HhifakRGks, GH Lyiteik EorGN6 konshlesd by
polymer films from plasma confinement rings while minimizing erosion of other plasma etch

15 chamber components. It will be obvious, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other instances,
well known process operations have not heen described in detail in order not to unnecessarily
obscure the present invention.

[0020] As used herein, a semiconductor substrate can be made of any silicon-based material.

30  In one embodiment, the substrate is a semiconductor wafer, whichis a thin slice of
semiconductor material, such as a silicon crystal, upon which microcircuits are constructed by
diffusion and deposition of various materials. In this document, the terms semiconductor
substrate and semiconductor wafer are used inter-changeably, What is disclosed by the
embodiments herein is essentially a method, apparatus, and system for in-situ cleaning of the

25  confinement rings of a plasma etch chamber. As defined herein, in-situ cleaning of the
confinement rings denotes cleaning of the rings occurring within the plasma eich chamber
without requiring the rings 1o be removed from the chamber.

[0021] Figure 1A, depicts a top-view illustration of the various functional components of a
plasma etch chamber, in accordance with one embodiment of the present invention. In this

30  embodiment, the plasma etch chamber 100 is depicted in successive concentric layers as
including a chamber wall layer 102, confinement ring layer 104, and cleaning plasma source
layer 108. The clcaning plasma source layer 108 is positioned adjacent to an inner

circumferential surface of the confinement ring layer 104 and is configured to direct a cleaning



di ffusion and deposition of various materials. In this docunent, the terns
sem conduct or substrate and sem conductor wafer are used inter-changeably.
What is disclosed by the enbodiments herein is essentially a nethod,
apparatus, and systemfor in-situ cleaning of the 95confinenent rings of a
pl asma etch chanber. As defined herein, in-situ cleaning of the confinenent
rings denotes cleaning of the rings océurri ng wwthin the plasnma etch
chanber wi thout requiring the ri ngs to be rem)ved fromthe chanber. [0021]
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coupl ed PEH? face o e’ upper - el ectrode pla
20 112, A cha,nnel is deﬁned along an exterior surfacc of the center assembly 103 facing the

chamber wall 102. Disposed within the channel is an inductively couple plasma source 109
(i.e., coils plus housing) configured to strike a cleaning plasma 106 within a region proximate
to the inner circumferential surfaces of the confinement ring stack. Positioned at the base of the
plasma chamber is an electrostatic chuck (ESC) 110 that is coupled to a top surface of the

25 bottom electrode plate 111. The space between the top and bottom electrodes 112, is the main
otch chamber 101, where subsirate plasma etching operations occur. The top 112 and bottom
electrodes 111 are configured to strike a plasma within the main etch chamber 101 to etch a
substrate placed on the ESC 110.
[0025] As depicted herein, the stack of confinement rings 116 is shown in an un-clevated

30 position which is typical during a plasma etching operation. In one entbodiment, a plurality of
vods (not depicted) is inserted through the confinement rings substantiaily orthogonal to the
bottom electrode plate 111. The rods serve as guide rails that are configured to operate in

conjunction with a motorized drive (not depicted) to elevate the stack of confinement rings 116



20112. A channel is defined along an exterior surface of the center
assenbly 103 facing the chanber wall 102. Di sposed within the channel is an
i nductively couple plasm source 109 (i.e., coils plus housing) configured
to strike a cleaning plasma 106 within a region proximate to the inner
circunferential surfaces of the confinenent ring stack. Positioned at the
base of the plasnma chanber is an el ectlrostatic chuck (ESC) 110 that is
coupled to a top surface of the bottom el ectrode plate 111. The space

between the top and bottom el ectrodes 112, .is. the in etch ch r, 101,
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chanber center axis 105 to the cl . 1R300 b fiednonkidg of the
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housing) g depicted as being disposed along the base of the channel in this illustration {i.e., Figure 1C),

this is not meant to limit the manner in which the source 109 can be disposed within the

channel. The inductively coupled plasma source 109 can be disposed in any arrangement,

25 position, or crientation within the channel as long as the source 109 can be configured to direct

a sufficient guantity of plasma to substantially clean the inmer circumferential surfaces of the
confinement rings. Positioned at the base of the plasma chamber is an electrostatic chuck
(ESC) 110 that is coupled to a top surface of the bottom electrode plate 111. As indicated
above, the space between the top and bottom electrodes 111, is the main etch chamber space
10 101, where substrate plasma etching operations occur. The top 112 and bottom electrodes 111

are configured to strike a plasma within the etch chamber 101 to etch a substrate placed on the

ESC 110.



20configured to direct a cleaning plasnma 106 agai nst an inner
circunferential surface of the stack of rings 116. It should be understood
t hat al though the inductively coupled plasma source 109 is depicted as
bei ng di sposed al ong the base of the channel in this illustration (i.e.,
Figure 1C), this is not neant to limt -the manner in which the source 109
can be disposed within the channel. The inductively coupl ed plasna source
109 can be disposed in any arrangenent, 25position or or entation within
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any cont aamil I‘clb.(ml Sund B-sbpild bﬂ wpdersiswt e disgnes hetwien dhrigeer uFBiEEaial) n one
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and the duteen dinerizeaee ohEC PAE R SHD Bl ap 1T BETEY 16" P2
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temiperature of the rings 116 is sct at between about 100°C to 400°C. In still another

20 embodiment, the temperature of the rings 116 is set at between 270°C and 330°C.
[0029] In general, the removal rate of polymer contaminants from the confinement rings 116 is
dependent upon the temperature of the rings 116. The higher the temperature that the rings 116
are kept at, the higher the contaminant removal rate from the rings 116. It should be
appreciated that the temperature of the rings 116 can be sct to any value as long as the setting

25 does not damage the various components (e.g., ESC 110, electrodes 111-112, etc. J of'the
plasma etch chamber and achieves an adequate contaminant removal rate is achieved.
(0030] In one embodiment, the pressure setting of the space between the outer surface of the
inductively coupled plasma source 109 and the inner circumferential surface of the confinement
rings 116 is maintained at between about 1 millitorr and 1 torr. In another embodiment, the

39 pressure setting of the space is set at between 5 millitorr and 100 millitorr. In still another
embodiment, the pressure setting of the space is set at between 10 millitors and 50 miilitorr. It

should be appreciated that the pressure can be set to any value as long as the density of the



i nductively coupl ed plasma source 109 renoves the pol ynmer contam nants
deposited on the rings 116 w thout causing damage to the rings 116. In one
enbodi ment, the tenperature of the rings 116 is maintai ned at between about
25C to about 500C. In another enbodinment, the tenperature of the rings 116
is set at between about 100C to 400C. len still another 20 enbodi nent, the
tenperature of the rings 116 is set at between 270C and 330C. 100291 hi
general, the renoval rate of polymer contam nants fromthe confinenment

rings 116,is, depend u he i enper at ur f 1 i ....the hi gher
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[0031] Figure ID.ig a cr sect janal .si desyi ; A i nber
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stack of sgapfiuAsBebirikinggs tertlaning plasual Gdbybs indidivelyicnudatmastsrsoercni t h one

enmbodi nrent _of the present i enﬁio‘n. Inthis% i Gt ial .
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chambgr ceRiied todibs sukfdde bOné hatoahaedaede plalel11102. On the top side of the
pl asma chanber is a center asse%l é 103 q:ourFI ed to ﬁ troq% zurtf gsgqé)f t he
upper el d8¥F2bdeonst ehediment, the e Bralgddto dApTIREEVS PONY SR BRY'IY Gr *Wur f ace
of the ceptarsoas SRRk boih ekl G iFace Ramtarvinal the 10ncl LOTIBhspesed wi thin
t he channel is an inductrvely couple plasma sour ce 109. A gas d(-ill very line
increases the lemperature of the inner circumterential surface of the confinement rings to
improve the overall contaminant removal ratc achieved by the cleaning plasma 106. Generally,
20 the space within the channel has to be substantially gas tight 1o allow the inner circumferential
surface of the confinement rings 116 to be sufficiently heated by the heated plasma gas.
Examples of feed gases delivered by the plasma gas delivery line 118 include: O, Oy, HL0,
H,0,, COs, CO, Ny, NH;, Hy, CFy, CoFg, NF3, SFs, F2, XeFs, He, Ne, Ar, Kr, Xe, and
combinations thereof, However, it should be understood that essentially any type of feed gas
35 can be delivered by the gas line 118 as long as a cleaning plasma 106 that can adequately
remove the polymer contaminants from the inner circumferential surfaces of the confinement
rings 116 is created.
[0033] Figure 2 is a cross sectional side-view of a plasma etch chamber with a dedicated micro
hollow-cathode array plasma source positioned adjacent to a stack of confinement rings in an
30 elevated position, in accordance with one embodiment of the present invention. In this
depiction, a radial cross-section of the plasma etch chamber is shown extending from the

chamber center axis 105 to the chamber wall 102. On the top side of the plasma chamber is a

center assembly 103 coupled to a top surface of the upper electrode plate 112. A chaonel is



118 is shown boring through the top surface of the center assenbly 103 and
into the space defined within the channel. The gas delivery line 118 is
configured to deliver a feed gas to the space during the striking of the
cl eaning plasma 106 by the inductively coupled plasma source 109.
Positioned at the base of the plasma chanber is an electrostatic chuck
(ESC) 110 that is 15coupled to a top surface of the bottom el ectrode plate
111. [0032] In one enbodinment, the feed gas heated to a tenperature of
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Di spoged Mhidd At hesheiansahdearsood thit cealihioick maintanddddovean theymiplodwitevsour ce
202 configured to strike a ¢l eaning plasnma 106.agali i r.,

ci r cunf erc@freilafrray s soyse %dzﬂlggl?q er(%ﬂﬁf%rg%aﬁ rﬁ%é@‘%%‘?ﬂ%&?i oned at
the base Qf . he f@sFRnRBRTRSNe iSloAdashesldoBsli-atintin atay( HEBE)2 sbl0c 5t hat i s
coupled to a tdp surface of the bottom el ectrodqe (E)I.ta%elhélll. Tﬂ%“%ﬁ%ﬁﬁ

bet ween t298 cewpe dohfiguind taysREwMhE PRIVDEPEEM AN GEROYIRAOTLRF ANEY ¢ “Chanber
101, where s a Sh®1gt chi ng operations occur. The top 112 and
bottom elcélgsfl‘?%%g%ﬁofﬂg?eé%onfi gured to strike a, Iasnahry)\ﬁgthhiln t he et ch

chanbgr 10033 Stiditvath EgwaBsinoae emppdisel. 1eps (R cpggEiepprys { the top surface
of the center assembly 103 and into the space defined within the channel. The gas delivery line
is configured to deliver a gas to the space during the operation of the cleaning plasma 106 by
micro hollow-cathode array plasma source 202. The feed gas may alternatively be delivered
heated or at room temperature depending on the requirements of the particular confinement ring

25 116 cleaning operation.

[0036] In one erhbodiment, the micro hollow-cathode array plasma source 202 is configured to
have a plurality of micro hollow-cathode cavities that are substantizlly uniformly arrayed on a
source surface that is positioned facing towards the inner circumfcrential surface of the stack of
confinement rings 116. In one embediment, the cavities have an internal diameter of between

30  about 100 microns and about 5000 microns. In another embodiment, the cavities have internal

diameters of between about 500 microns to about 3000 microns. In still another embodiment,

the cavitics have internal diameters of between about 500 microns and about 2000 microns. It

should be understood, that the choice of internal diameter of the cavities is related to the plasma



[00341 In this enbodi nent, the cleaning plasma 106 is struck to
substantially renoves any tocontam nant build-up (e.g., polyners, etc.) on
the inner circunferential surfaces of the stack of confinenment rings 116.

I n one enbodi ment, the distance between the inner circunferential rings 116
and the mcro holl ow cat hode array pl aggre source 202 i s between about 0.5
mllimeters (mm and about 10 nm |In another enbodinent, the distance is
bet ween about 1 nmand about 5 mm In still yet another enbodi nent, the

di stance i s hetween ahqut .1 mm bout., 2 r [t shaoul nder st ood
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In still @fiathdsngenmteathrinentriict ¢fehe center assembly 103 facing the chamber wall 102.
Disposed within the channel is an inductively coupled plasma source 109 configured to direct a
cleaning plasma 106 against the inner circumferential surface of a stack of confinement rings

25 116. A gas delivery line 118 is shown boring through the top surface of the center assembly
103 and into the space defined within the channel. The gas delivery linc 118 is configured to
deliver a gas to the space during the striking of the cleaning plasma 106 by the inductively
coupled plasma source 109,

[0039] Further, in this embodiment, a shield 302 is coupled to the chamber wall 102 is

30 configured to provide a substantially gas tight seal against the outer circumference of a stack of

confinement rings 116 to prevent feed gases from escaping through the gaps between the

individual confinement rings. It should be understood that the shield 302 can be made out of



10 pressure within the space is between about 500 mllitorr and 3 ton. In
one enbodi nent, the electric potential setting for the plurality of mcro
hol | ow cat hode cavities that are arrayed along the surface of the mcro
hol | ow cat hode array plasma source 202 has a val ue of between about -10
vol ts and about -2000 volts. In anotheg enbodi nent, the electric potenti al
setting has a val ue of between about 0 volts and about -500 volts. In
still another enbodi ment, the 15electric potential setting has a val ue of
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[0041} In one embodiment, the heating component 402 is an irradiative heating device such as

a quartz heat lamp. However, it should be appreciated that the heating component 402 can be

any healing device type as long as the component 402 can provide adequate heating of the

confinement rings 116 during a cleaning plasma etching operation to remove polymer

20 contaninants off the inner circumferential surface of the confinement ring stack 116. In

another embodiment, the heating conponent 402 is a resistive heater with a radiative thermal

coupling to the confinement rings 116.

[0042] Continuing with Figure 4A, in one embodiment, the heating component 402 is

positioned in between the confinement ring stack 116 and the plasma etch chamber wall 102.

The heating component 402 being coupled to the plasma etch chamber wall 162 and configured

™~
th

{o provide irradiative heating of the confinement ring stack 116 as the inductively coupled

plasma source 109 directs a cleaning plasma 106 against the imner circumferential surface of the

confinement ring stack 116 Lo effectuate removal of the polymer contaminants. It should be

understood that the heating component 402 can be positioned at essentially any location within
3¢ the plasma cich chamber as long as the component 402 can operate to heat the stack of rings

116 to a temperature of between about 25°C to about 500°C.

[0043] Figure 4B is a side-view of a plasma etch chamber operating in a simultaneous etch

chamber cleaning mode, in accordance with one embodiment of the present invention. In this



[0040] Figure 4Ais an illustration of a side-view of a plasma etch chanber
with a heating conponent coupled to a dedicated inductively coupled pl asna
source positioned adjacent to a 5stack of confinenment rings in an el evated
position, in accordance with one enbodi nent of the present invention. In

this enbodi ment, a radial cross-section,of the plasma etch chanber is shown
ext endi ng fronlthe chamber center axis 105 to the chamber wall 102. On the
top side of the plasma chanber is a center assenbly 103 coupled to a top
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anot her enbodi nent, the heating conponent 402 is a resistive Reater with a
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with Fig 4A, in one enbodi nent, the heating conponent 402 is positioned
in between'the confinenent ring stack 116 and the plasma etch chanber wal l
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Tn t hits  the second plasma source. In one embodiment, the first plasma source is a m uctively

coupled plasma source, wherein the distance befween the plasma source and the confinement

ring stack is between about 0.5 mm and about 15 mm. In another embodiment, the first plasma

source is a micro hollow-cathode array plasma source, wherein the distance between the plasma

source and confinement ring stack is between about 0.5 mm and about 10 mm.

25 [0046] In relating the locations of the first plasma source and the second plasma source to the
descriptions provided above, the first plasma source is located in the channel defined along an
exterior surface of the center assembly facing the chamber wall, whereas the sccond plasma
source relates to the electrode plates in the main etch chamber. Next, the method moves on o
operation 504 where a feed gas is supplied to the plasma etch chamber. Examples of plasma

30 etch gases include: O, 01, HxO, Hy04, CO2, CO, N3, NHj, Ha, CFy, CoFs, NF;, SFg, Fa, XeFs,

He, Ne, Ar, Kr, Xe, and combinations thereof.
[0047] The method then proceeds to operation 506 where a quantity of plasma is supplied to

the inner circumferential surface of the confinernent rings using the first plasma source. In one



enbodi ment, a radial cross-section of the plasma etch chanber is shown
extending fromthe chanber center axis 105 to the chanber wall 102. On the
top side of the plasma chanber is a center assenbly 103 coupled to a top
surface of the upper electrode plate 112. A channel is defined al ong an
exterior surface of the center assenbly 103 facing the chanber wall 102. 5
Di sposed within the channel is a heating conponent 402 positioned in

bet ween the center assenbly and an inductively coupled plasma source 109.
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sour ce. e first plasma source being positioned so that the source directs
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source and 't RE“LERt T nenent ring stack is between about 0.5 mm and about 15
mn. |In another enbodi nent, the first plasna source is a mcro

hol | ow cat hode array plasma source, wherein the distance between the plasm
source and confinement ring stack is between about 0.5 mm and about 10 mm
25[0046] In relating the locations of the first plasma source and the
second plasma source to the descriptions provided above, the first plasna
source is located in the channel defined along an exterior surface of the
center assenbly facing the chanber wall, whereas the second plasma source
relates to the electrode plates in the main etch chanber. Next, the nethod
noves on to operation 504 where a feed gas is supplied to the plasma etch
chanber. Exanples of plasnma 30etch gases include: 02, 03, H20,11202, CC2,
CO, N2, N113,112, CF4, C2F6, NF3, SFE> F2> XcF2, He, Ne, Ar, Kr, Xe, and
conbi nati ons thereof. [0047] The nmethod then proceeds to operation 506
where a quantity of plasma is supplied to the inner circunferential surface
of the confinenent rings using the first plasma source. In one 13
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An etch chamber, comprising:
a center assembly;

an electrode plate affixed to a bottom surface of the center assembly, wherein a
channel] is defined along an external circumference of the center assembly, above the

electrode plate;

a first plasma source disposed within the channel and along the external
circumference of the center assembly, wherein the first plasma source is configured to
direct a plasma to an inner circumferential surface of a confinement ring stack

disposed above the electrode plate; and

a second plasma source configured to perform processing operations on a substrate
within the etch chamber, the second plasma source being positioned away from the

first plasma source.

The etch chamber, as recited in claim 1, wherein, the first plasma source is a hollow

cathode array including a plurality of hollow cathode units.

The etch chamber, as recited in claim 2, wherein, the plurality of hollow cathode units
have openings with a diameter of between about 0.01 centimeters (cm) to about 0.5

.

The etch chamber, as recited in claim 1, further comprising:
a gas source line extending through the center assembly to the channel, the gas source

line configured to supply a gas to the channel.

The etch chamber, as recited in claim 4, wherein the gas is heated prior to

introduction into the channel.

The etch chamber, as recited in claim 1, wherein, the confinement ring stack is
positioned so that the inner circumferential surface of the confinement ring stack is

between about 0.5 millimeters (mm) to about 15 mm from the first plasma source.
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An etch chamber, comprising:
a center assembly;

an electrode plate affixed to a surface of the center assembly, wherein a channel is
defined along an external circumference of the center assembly, above the electrode

plate;

a first plasma source configured to be disposed within the channel and along the
external circumference of the center assembly, wherein the first plasma source is
configured to deliver a plasma to an inner circumferential surface of a plurality of

confinement rings disposed above the electrode plate;

a heating element configured to supply heat to the inner circumferential surface of the

plurality of confinement rings; and

a second plasma source configured to perform processing operations on a substrate
within the etch chamber, the second plasma source being positioned away from the

first plasma source.
The etch chamber, as recited in claim 7, further comprising:

a shielding component positioned proximate to an outer circumferential surface of the

plurality of rings and configured to provide a substantially gas tight seal.

The etch chamber, as recited in claim 7, wherein, the heating clement is one of a

convective heating component or a radiative heating element.

The etch chamber, as recited in claim 7, wherein, the heating element is disposed

within the channel and along the external circumference of the center assembly.
The etch chamber, as recited in claim 7, further comprising:

a gas source line extending through the center assembly to the channel, the gas source

line configured to supply a gas to the channel.



