EDGE RING ARRANGEMENTS FOR SUBSTRATE PROCESSING BACKGROUND OF THE
INVENTION [Para 1]Growth in the semiconductor industry has been driven by advances in plasma
processing. Due to the highly competitive nature of the semiconductor, device manufacturers may want to
maximize yield and efficiently utilize the real estate available on a substrate. During plasma processing of

the substrate, a plurality of parameters may need to be controlled to ensure high yield of devices being
processed. A BERiRIANG ARIBAMNGEIIEN 5 HORRUBFTRAEIRRE GbSHNGrocessing

Factors that may affect uniformity are substrate edge effects. Another cause of defective devices may be
due to polymeric byproducts flaking off from the backside of one substrate onto another substrate during

transport. [Para 2]Current fabricatigna teki@rmgied ae thaleggedbydne demand for higher performance
devices, the pressure to further reduce substrate feature sizes, as well as the implementation of newer

optimized substrate materials. For example, it is becoming increasing difficult to maintain the uniformity or
process results from the center to the edge of larger substrates (e.qg., > 300 mm). In general, for a given
Foature SiAE A Humbe P AT ARG Noah Y LoB e ALY AR IE BB ubstrate
becomes lprgessdrigevDse, ttothe bigely sohgieateseinetutecon tmeBemidatelvictes, dovilte sizhafeataraear the
edge increases as the feature size of the deyices decreases. For example, aften over 20% the total
umber of TG ROl A AR BRI IR e T LB AT 43 S hows a
simplified diagrepleérasppectsiedyet thadatsytsnaphuetiepsihpasstsiaonsmidy acidgeteatoptot ethg. In
general, a source RF generated by. source RF generator 112 is commonl d to generate the plasma
e el 2o BTN B Sy e OB A B R B RS Wire
upper eleduicid eofourif gnmityd eidrimigh seses tpredessieeleEtmdes viaicimesy RiFf paweanEdrnhitg Bfe power is
at least one pof 2MHz, 27 MHz, and 60 MHz. Still pther etch lications may require both the upper
clectrode SIS HEF SLETSaAE LT B P P TSPr P RE S RN EHraly, an
appropriatpredtctsgiiskings ffiwidrithnbegbagkdoketoh analppestedecioote A0dhéhadageteadesaupsequently

ionized to {Prnn#%lr sma 104, in order to process (e.g., etch or deposit) exposed areas of substrate 106,
such as a S8MIt8Nductor substrate or a glass pane, positioned with a hot edge ring (HER) 116 (e.g., Si,

etc.) on anglegtipstatic eek 3L ARG WS AERSERE L% BB B IReEHRS% for higher
performance devices, the pressure to further reduce substrate feature sizes, as well as the
implementation of newer optimized substrate materials. For example, it is becoming
increasing difficult to maintain the uniformity or process results from the center to the edge of
larger substrates (e.g., > 300 mm). In general, for a given feature size, the number of devices
on the substrate near the edge increases as the size of the substrate becomes larger. Likewise,
for a given substrate size, the number of devices on the substrate near the edge increases as
the feature size of the devices decreases. For example, often over 20% the total number of

devices on a substrate are located near the perimeter the substrate.

[Para 3] Fig. 1 shows a simplified diagram of a capacitively-coupled plasma
processing system with a single hot edge ring. In general, a source RF generated by source
RF generator 112 is commonly used to generate the plasma as well as control the plasma
density via capacitively coupling. Certain etch applications may require upper electrode to be
grounded with respect to a lower electrode, which is RF powered. The RF power is at least
one of 2MHz, 27 MHz, and 60 MHz. Still other etch applications may require both the upper

electrode and the lower electrode to be RF powered using similar RF frequencies.



[Para 5]Hot edge ring 116 generally performs many functions, including positioning substrate 106 on ESC
108 and shielding the underlying components not protected by the substrate itself from being damaged by
the ions of the plasma. Hot edge ring 116, as shown in Fig. 1, is disposed under and around the edge of
substrate 106. Hot edge ring 112 may further sit on coupling ring 114 (e.g., quartz, etc.), which is
generally configured to provide a current path from chuck 108 to hot edge ring 116. [Para 6]Iin the

example ofAtA 4] insuldESPAIARLY. ITBARREPRD SIS FcBh g HtH HETid Avei AidRIEE I EBHRRSE 108 and

ground ring| detrbd@u@mz CoMerghask iar€isnReadenn aBrPz&a e merinpl dstra MBfelipbiaerceuplbtadsing 114
may be quartz or approEriat_e material to optimize RF coupling from ESC 108 to HER 116. For example,

quartz ma{afe &PI8Y DoBfirss i & RetFatRiZ0%R EUCH 751 B FRERUEHRS PSFEhar Bxample,
aluminum gnas PanermRIeNereasHavaling sing fikg tPIERY iNmEease, R aeyRiinarel DR dRasa 7]Due to

substrate edge effects, such as electric field, plasma temperature, and the loading effects from process
chemistry,( R NER FORERY e S & RRNETRA SRS differ from the remaining (center) area of the

substrate geangg)lasma-eeagsinagFaweyaBRIGy hafIeay hAgjdanctiotss uRstigity [isiadamgay
change due to chan&gées from RF coupling to HER 116. The eg}tgpotential lines of the plasma sheath may

become difARtALE dHBSHgRIn-L0freM NS 98I APeiLaGBTNEN SAMRENAE S IBS PR ERY X P

8]Generallyhtisasibteciariaa e eeigdels tthea oirinistHeshpariadly Honstije ongrie anthiewsurface of
the substrate in order to maintain rogfeg?s uniforrﬂgy nd vertical etché)rofiles. Durin? alasma processing,
r g

RF couplin] bfartcSHARREEN &1 HRUGH 8RB RS pHniZd8lsreR B {d mEA¥ain
process umifnhaifsnlamdoaeﬁimg ﬁ?ﬁ@l&&(ﬁg@@ﬁéﬁz?&a@p?‘mm t@@éﬁiééamgéﬁzlmﬁgmimaﬁddar
maximum RF couplipg to get uniform etching. However, the RF coupling balance to maintain process
uniformity WHWO%E%’PQ‘C&H%%&& E 184 MEr deposition. [Para 9]During the etch process, it

may be comman.for pol r byproducts (e.qg,, fluorinated polymers ) to form on the substrate
packside ARG Bround e HETRE ELEC En O Ly s SaAErits S SRS froto resist
material piegidathiy dxgpween ESGN 68 hrchgroisidyring AAYm Quibstarooetd 2k po sitgxbshdriony @flwdrocarbon
etch process. In,general, a flyorinated polymer is a s ance with a chemical equation of CxHyFz, where
o 7 e AR RGN AR PR R R B BB R o
CAF8, CStietize Rracauplddneds SEs198ceesiERe1d6ly ihar dages @ rquaepoade the@antiplogddjesarea as
the coupling ring 114 to minimize RF coupling to HER 116. In another example, aluminum may

be employed as coupling ring 114 to get increase RF coupling to HER 116.

[Para 7] Due to substrate edge effects, such as electric field, plasma temperature, and
the loading effects from process chemistry, the process results near the substrate edge may
differ from the remaining (center) area of the substrate during plasma processing. For
example, the electric field around substrate 106 edge may change due to changes from RF
coupling to HER 116. The equipotential lines of the plasma sheath may become disrupted,
causing non-uniform ion angular distribution around the substrate edge.

[Para 8] Generdly, it is desirable for the eectric field to remain substantially constant
over the entire surface of the substrate in order to maintain process uniformity and vertical
etch profiles. During plasma processing, RF coupling balance between substrate 106 and
HER 116 may be optimized by design to maintain process uniformity and vertical etch. For
example, RF coupling to HER 116 may be optimized for maximum RF coupling to get
uniform etching. However, the RF coupling balance to maintain process uniformity may

come at a cost to beveled edge polymer deposition.
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result of several different etch processes, organic bonds that are normally strong and adhesive will
eventually weaken and peel or flake off, often onto another substrate during transport. For example,
substrates are commonly moved in sets between plasma processing systems via substantially clean
containers, often called cassettes. As a higher positioned substrate is repositioned in the container, a
portion of a polymer layer may fall on a lower substrate where dies are present, gotentiallégaﬁecting

device yieldgPa?h 11]FigUP"%h &) AK REIFRES diagidmBsr SOSURS e iRQURE PYOHESE Solymers
have beerfipAPBLEARIVHE §leRar tBIcksien the Bt DRy G ARG IDE R bagecesS, it

may be comman for polymer by-products (edge polymers) to form on the substrate. In this example, the

polymer b brSHRES P HENE Y (8LP GRTTRE 37d L LR SRS M 6 A RURY 1 REPOSBR fite away

from the plaseien tRERMATPGE, SBIS PRfYBYRFiOILke 8B dR B RfIARG U RE6F SrarBbbai Fdaeg, 340 nm at
about 45 204, and about 120 nm at 0 206. In general, the greater the thickness of the polymer, the higher

the probatfifRFifacd |HERRSHEIRAYBE B SHIARR W RGN St Ohiobhben M &l Etrate or the
chuck, potghtipitygefieeiiegemanmactunng Yickh [Rrtrlgieaeckampe cficaplipagto CERAES may be

optimized for minimal RF coI%{)Iing to reduce polymer by-products deposition on beveled edge. However,
the RF co&ﬂﬂ?@’b%}gﬁc%{:@’ filmize beveled edge polymer deposition may come at a cost to maintain

process unpgraitgjat subsiiaifee dges Rresi iSianeer fpsamesideped teionaticekweassesire RF
coupling balance between ,tﬁe hot e%%%rin and the su strage to trade-off between %&m ing for edge
Lniformity BPHL LY Sl BeTom S EGSEoRS I S B G e, B E AR NS AR AR GHNET ot edge
ring may oaiisexaiting 9nvastetiaiedesas and dantit cotectherte \dnemhahaiedrare duging iiglehUMMARY
OF INVENTIM@%[% 14&The invention relages, in él(%embo iment, inﬁi‘%@ma rocer%%ii%gchamber, a
method fof Bt LeFraRe AR rA18YEYdid N B\ a first
edge ring. shhetdtis e agedn coishederikic afyeisddted taseties. chaska hivhengibsd snetldasstepwiting a
second edge ring. The second edge ring is disposed below an edge of the substrate. The method further
ludes ofRRRAIEL UL T GRS @ KR 7t v U ot ALCTRALPHE: SHHBIRG MO ESC
(electrostatiesheqireesscpiuivtial Inefficsti ag devicwyiddreby causing the first edge ring to have an edge
ring potential during substrate processing and. causing the coupling to be maximized af the first edge
ring and nﬁﬁ% at thé'g'e ﬁ[&%@g@ %H%ﬁagaﬁ‘?g@{]b a?e%%g& iHb.W Ich a st o eéege

polymers have been deposited on the planar backside is shown. As previoudly stated, during

the etch process, it may be common for polymer by-products (edge polymers) to form on the

substrate. In this example, the polymer by-products have been deposited on the planar

backside, that is, the side of the substrate away from the plasma. For example, the polymer

thickness may be about 250 nm at about 70° 202, 270 nm at about 45° 204, and about 120 nm

at 0° 206. In general, the greater the thickness of the polymer, the higher the probability that

a portion of the polymer may become dislodged and fall onto another substrate or the chuck,

potentially affecting manufacturing yield.

[Para 12] For example, RF coupling to HER 116 may be optimized for minima RF

coupling to reduce polymer by-products deposition on beveled edge. However, the RF

coupling balance to minimize beveled edge polymer deposition may come at a cost to

maintain process uniformity at substrate edge.

[Para 13] Hence, aforementioned prior art methods require RF coupling balance between

the hot edge ring and the substrate to trade-off between optimizing for edge uniformity or



[Para 15]The above summary relates to only one of the many embodiments of the invention disclosed
herein and is not intended to limit the scope of the invention, which is set forth in the claims herein. These
and other features of the present invention will be described in more detail below in the detailed
description of the invention and in conjunction with the following figures. BRIEF DESCRIPTION OF THE
DRAWINGS [Para 16]The present invention is illustrated by waé of example, and not by way of limitation,

in the figur&/8EthEI9ERRhERRY HRPR AR g B =AHFl RN REAI IR He YRS, SHOPABRT a5 Al
elements gy imayrigisd Batind SifFdhsk 48 eiersiiatiieg aneais /s, @ﬁ@éﬁﬂﬁl’@ibjaﬂ%‘m@l@.pﬂsma
processing system with a single hot edge ring. [Para 18]FIG. 2 shows a simplified diagram of a substrate
in which a set of edge polymers have been deposited on the planar backside is shown. [Para 19]FIG. 3
shows, in accordance with an embodiment of the present invention, a

SUMMARY OF INVENTION

[Para 14] The invention relates, in an embodiment, in a plasma processing chamber, a
method for processing a substrate. The substrate is disposed above a chuck and surrounded
by afirst edge ring. The first edge ring is electrically isolated from the chuck. The method
includes providing a second edge ring. The second edge ring is disposed below an edge of the
substrate. The method further includes providing a coupling ring. The coupling ring is
configured to facilitate RF coupling from an ESC (electrostatic chuck) assembly to the first
edge ring, thereby causing the first edge ring to have an edge ring potentia during substrate
processing and causing the RF coupling to be maximized at the first edge ring and minimized

at the second edge ring during the substrate processing.

[Para 15] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which is set
forth in the claims herein. These and other features of the present invention will be described
in more detail below in the detailed description of the invention and in conjunction with the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[Para 16] The present invention is illustrated by way of example, and not by way of
l[imitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar e ements and in which:

[Para 17] FIG. 1 shows a simplified diagram of a capacitively-coupled plasma

processing system with a single hot edge ring.



simplified schematic of a capacitively-coupled plasma processing system configured with dual edge rings.
[Para 20]FIG. 4 shows, in accordance with an embodiment of the invention, a multi- frequency
capacitively coupled plasma processing system with a plurality of hot edge rings. DETAILED
DESCRIPTION OF EMBODIMENTS [Para 21]The present invention will now be described in detail with
reference to a few embodiments thereof as illustrated in the accompanying drawings. In the following

description PRUAHTbus sHkzifie ReMIR ardi et ifith hrerasr @ BrovRRY d8HE MY FLRLER S @ &S of the
present inypnfiaerd huil becaripseedtMRYBratRraieickdted sndiag art, that the present invention may be

practiced without some or all of these specific details. In other instances, well known process steps and/or

structures [Fawe 0ol beeridesgshed 4nideiedoraigicenichnal ennechsearitf ahsgiesdhie mrasesh, iavention.
[Para 22]Various. embodiments gre described hereinbelow, including methods and techniques. It should
Sl ﬁ R RGN &

be kept in 54 5B h AnfGRE NG R R R TP R R U PR Th RITUEET oM Bliter

readable ragdieayeringsich computer-readable instructions for carrying out embodiments of the inventive
technique are stored. The computer readable medium may include, for example, semiconductor,
magnetic, [Gracazgjnetickiiptidashowst e ramordante ovithuaprermbddibhennetlithe fovatbomngacomlputer

readable code. Further, the inventio also_cover.apparatuses for pragticin bqdiments of the
nvention. Lo Ao By T e L LR G T S e

pertaining to embodiments of the invention. Examples of such apparatus include a general-purpose
computer and/or a dedicated computing device when appropriately programmed and may include a

combination of a computer/co, W‘Qét?‘ﬁ%%éﬁﬁ#?@f\q l%circuits adapted for the
various tasks pertaining to embodiments of the invention. [Para 23]In accordance with embodiments of

the invention, there are provided ) , ) , o
[Para 21] he present invention will now be described in detail with reference to a few

embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, 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 steps and/or structures have not been described in detail

in order to not unnecessarily obscure the present invention.

[Para 22] Various embodiments are described hereinbelow, including methods and
techniques. It should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
instructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
code. Further, the invention may also cover apparatuses for practicing embodiments of the
invention. Such apparatus may include circuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of such apparatus include a
general-purpose computer and/or a dedicated computing device when appropriately

progranmed and may include a combination of a computer/computing device and



arrangements for configuring a plasma processing system to enhance control over plasma processing
parameters. Embodiments of the invention include providing independent RE coupling to a plurality of hot
edge rings to produce desired electric potential differences between a substrate and each edge ring.
Thus, the equipotential lines of the plasma sheath for a given plasma process may be optimized to
achieve uniform etching at a substrate edge without sacrificing cleaning of polymer by-products from the

beveled edl§e RAYEPEOSFENSOIP S YT AGRIEDf PhdRE ¥ARLGiHRRROTIAENAVERIBPOUMRYS 8t edge ring

is disposeghaipuagtibie edge of a substrate. In an embodiment, first HER may be made of silicon (Si),
silicon nitride (SiN), and/or silicon dioxide (Si02). In an embodiment, first HER may further sit on a

coupling rifeata RE)vide IRE Zpopdiawd omth S&nlovdametestrodeatie firaidritrdn totheieinze peiertial
difference between sub trateﬁnd first HER. Thus, the equipotential lines of ther%Ia ma sheath for a given
plasma pr@E@Qg?@Sﬁ Pel 'Q@@B%"ﬁ SrsARIREERY t&%ﬂbéooﬁg at8"Et iéwgr &% tical ion

bombardmgoteaising paeenefcssibsHiatsotmeEtssofrenanifantiieimguahpresiaed tntkpeelkier RFthe
substrate duri lasma processing, [Para 25]In an embqdiment, a second HER, isolated by an insulator
g, 1o cre ORI aeA LG St Pape, [USFals, RSO S BB BRI e CLTERNES), silcon
nitride (SiNjptwediax silistratdandaadSRein ) amibs direqti Sitaaial KRGS tiso[sitethéranedinef substrate,
the first edge ring, an ESC, and an ESC lower body by the insulator ring. The insulator ring may be made
from sl A LT BHOSES (L 0 QPR Ao Y O G T R oS EBociments
of the inveniiboypreandi dogtighnind af g oteatia)-pedades filvenshb sisatted RddbefstbecnlHER to cause

arcing on the beveled edge of substrate to remove polymer by-products deposited on beveled edge of the
substrate. [Para 24]In ahotbrer enmad sebod e sroiehdonyensenpadi BRI edisposg o dirgaibed
underneath the substrate and on t f the insulator ring..In-a iment, second HER may,be made
from SiN oarrélljags#nea?r? ée%m@o%%‘jn%%%oﬁ'gcﬁoa%If%r'lngﬁ%d'srggathré'[—%E‘Egr%g%%e%%m%dzge qtg fT;?SQ/i e)r’naximum
potential diferemodrideSdt) thedsobstrate drakitke (SeOgnd HaRetohodinuantfcisgHiERheaydueieet edge of

the S“bs”%tF éﬂrg'g@%ﬁﬂ@ﬁ;{%@'XﬁﬁF&X BEORRCERITRAG o RSB AES ARG AT AL qERGvention

may be better under
minimize potential difference between substrate and first HER. Thus, the equipotential lines

of the plasma sheath for a given plasma process is optimized to keep ion bombardment to the
edge of substrate straight. The vertical ion bombardment at the edge of substrate may ensure

uniform etching with respect to the center of the substrate during plasma processing.

[Para 25] In an embodiment, a second HER, isolated by an insulator ring, is disposed
underneath the edge of a substrate. Second HER may be made from silicon (Si), silicon
nitride (SIN), and/or silicon dioxide (S/O,) in an embodiment. Second HER is isolated from
the substrate, the first edge ring, an ESC, and an ESC lower body by the insulator ring. The
insulator ring may be made from insulator material such as quartz to achieve RF decoupling
from ESC lower electrode. Embodiments of the invention provide for high voltage potential
between the substrate and the second HER to cause arcing on the beveled edge of substrate to
remove polymer by-products deposited on beveled edge of the substrate.

[Para 26] In another embodiment of the invention, a second HER is disposed directly
underneath the substrate and on top of the insulator ring. In an embodiment, second HER
may be made from SIN or SIO,. In an embodiment, RF coupling to second HER may be

optimized to provide maximum potential difference between the substrate and the second



reference to the figures and discussions that follow. Fig. 3 shows, in accordance with an embodiment of
the present invention, a simplified schematic of a capacitively-coupled plasma processing system 300
configured with dual edge rings. [Para 28]Plasma processing system 300 may be a single, double, or
triple frequency RE capacitively discharge system. In an example, radio frequencies may include, but are
not limited to, e.g.,.2 MHz, 27 MHz, and 60 MHz. Plasma processing system 300 may be configured to

include a dtB&r B A i Pl RYSRA rref Sl dhen sk (@ Seiseai e5eobgBeRAYEh also

serves as grggQuegsed electrode, is disposed above an ESC lower electrode 310. [Para 29]Consider the
situation wherein, for example, substrate 306 is being processed. During plasma processing, a

multifrequepgyaRZ]geneTawf3ldavithe adtbriegirouhehiniveing o itegite itidefigareboaayisipply low
RE bias power to ESC lower electrode 310 through gn RE match netyork (not shown to simplify the
foure). ThEASES.IE o M AL A SO R Ik i S SR GRAPIERIRNR LA figere) o
ignite plasambdbitrieatvoe efeancsame nedattnoe siOR| Hngdl Suhsaitaie 306 cRiasimaepayins &pidsired to etch
and/or deposit materials on;g)éubs}rate 306.&('3 %reat electronic devices. [Para 30]As shown in Fig. 3,

certain etch’ ﬁ%ﬁé};&iﬂ%@m e‘i?&ﬁﬂ&‘df&ﬂ&" 05 be grounded with respect to a lower
electrode, which s, RE ppwered. The RE power i least one of 2MHz 27 MHz, and 60 MHz_ Still other
cich appl AR ey ren o BO S Tases DA el te ol el Bed waing
similar REdapapitveie i felaaa8 Hist@antrasbto ekanpier adi wlhieguenties medyoinetige, ring isremplioyed,
plasma pracessing syste is igyred wijt ality,of hot edge rings (HER),£.9., a first HER 314
B 2 sec VB S5 2V ite, e, BT R B e 8 R e 306
accordanceowfiituaed éonimot icees satfsinat érR@bieing Felrgtd3eeRa3dve mag betnosiates febutls (EE8G) (308 silicon

nitride (Si r silicon dioxide (Si02) in an embodiment. An insulator rin E@ma vide insulation
between f?'r%%%ﬂ I8aﬁl)q %) grc\)lsél%srﬁ‘ﬁgo %ﬁdqe&%%gécé%elrsﬁ%%%ﬁg\éeﬁfposeéo%égi(‘)%{)gtc)t{%%gund ring

322. First BER 314 may further sit on a coupling ring 318. Coupling ring 318 may be made from
conductive materials such as aluminum or graphite to provide RE coupling from ESC assembly, e.g., ESC
308 and Efariarel electrons dxohesshivstiaERI®La N, for example, substrate 306 is being processed.

During plasma processing, a multifrequency RF generator 312 with a path to ground (not
shown to simplify the figure) may supply low RF bias power to ESC lower electrode 310
through an RF match network (not shown to simplify the figure). The RF power from RF
generator 312 may interact with a gas (not shown to ssimplify the figure) to ignite plasma 304
between an upper electrode 302 and substrate 306. Plasma may be employed to etch and/or
deposit materials onto substrate 306 to create el ectronic devices.

[Para 30] As shown in Fig. 3, certain etch applications may require upper electrode 302
to be grounded with respect to a lower electrode, which is RF powered. The RF power is at
least one of 2MHz, 27 MHz, and 60 MHz. Still other etch applications may require both the

upper electrode and the lower electrode to be RF powered using similar RF frequencies.

[Para 31] In contrast to the prior art where only one hot edge ring is employed, plasma
processing system 300 is configured with a plurality of hot edge rings (HER), e.g., a first
HER 314 and a second HER 326 in an embodiment. First HER 314 is disposed around the
edge of substrate 306 in accordance with an embodiment of the invention. First HER 314
may be made from silicon (Si), silicon nitride (SIN), and/or silicon dioxide (SIOy) in an

embodiment. An insulator ring 320 may provide insulation between first HER 314 and a
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[Para 32]RE coupling from ESC assembly to HER 314 may be optimized to achieve similar plasma
sheath between an area of RE sheath voltage (V2) above the substrate edge ring 330 with respect to an
area of RE sheath voltage (V1) above the substrate 332 to produce minimal electrical potential
differences (V1 - V2) in accordance with an embodiment. Thus, the equipotential lines of the plasma
sheath for a given plasma process is optimized to keep ion bombardments to the edge of substrate 306

d
straight. THEPYBHiLAPIGA% ofhBHARERYS A B30 d8 PRamstidRue rayiath s dasnifbst EtERng with

respect to $ha petairtidng ibateatplitginafpRsNTs ﬁﬂgﬂ'ﬂg- draraagEmtagd e rsitiastareof Fig. 3,
second HER 326, isolated b% an insulator ring 316, is disposed underneath the edge of substrate 306 in

accordancBWAELh AL BRI FHARINYB O e PREHEISE AR I6cNh RURIENE EE0 887 2sheiihifige (SiN),

and/or siliGesizng dad BI62 ) bivancfsniodientSeepMERBR4326 is isolated from substrate 306, first edge
ring 314, ESC 308, and ESC lower body 310 by insulator ring 316 in accordance with an embodiment of

the inventifParlas2lator iR Glplingyf s eSe tisrnibsutatelFRaBIdahsycheaspiriteda@ebiteeeRE
decoupling.from ESC assemply. [Para 34]Since oupling tg sec HER 326 may be minimized, the
inuted vIBUE (2R SO PRRFEE 189 Bb R e Ve ) ORGSR B 6 (V1)
The voltagéngBeotivktii\éspdiBdatveeencs IR Wadet 3 06| e O¢ CpadoiAE-iRe3hanale BeZhigprédluedo the high
voltage potential petween substrat 6 and secqond HER 326, arcing may occuy on the beyeled edge of
Substrate J0B ) G L NSO 5P INAERO RS PRI SISO herel BB
devices ortlibedepeledtiedtiaesfic shbpieataa Shetsh dugipgyivem d@raapiasiess o5 dperiieed|esliedge of
substrate 306, may be desirable as a cleaning mechanjsm to remove polymer by-products deposited on
pevelod odJo VU AUERIATE RS B, Lo ALy Y B PSS ) e prior
arts, thereadgenty suistrHeR366 thtlyecRdcreduli foy o divki HgERi 1B cesetizedtibhe bahtayast ied\eeiestraseiform

etching atg subst[ate edge or deposition of polymer by-products on the beveled edge. Unlike prior art
methods, LHI'[T%H ?Sg? ST be employed with independent RE coupling to each hot edge ring to

hi b [ [ d ' f - iti Para 36]|
zaditon 1L Arsemen o B e SR D LT o A SRR o ey
be providedili vehittspasptlicaliteroéiE Re edgend sutstoare BOS proaiderdepee atit R Bhcemptidgrenindividual
HERs. Fi ) i ) ; ; : A itivel
coupied e R T o o S DT o SO R R e SRR e 0
may be coffi§uyed @nieoibae mglbuﬁeetmdﬁpERe'B@&ris_deOﬂmed érsabmaﬂeﬁpénfmacﬂdwatmchuck _
(ESC) 408,71 BRE 95" S1A°HEL" 8K WP UROD)ALRR0R AFRHITSTY 4BnBRLA ATaFOver g

. embodiment of the invention. Insulator ring 316 may be made from insulator material such as

quartz to achieve RF decoupling from ESC assembly.

[Para 34] Since RF coupling to second HER 326 may be minimized, the induced voltage
(V3) on second HER 326 may be low in comparison the voltage on substrate 306 (V1). The
voltage potentia (V1 —V3) between substrate 306 and second HER 326 may be high. Dueto
the high voltage potential between substrate 306 and second HER 326, arcing may occur on
the beveled edge of substrate 306. Normally, arcing is an uncontrolled event that is
undesirable. However, there are no devices on the beveled edge of a substrate. Thus, arcing
or micro-explosion on the beveled edge of substrate 306 may be desirable as a cleaning
mechanism to remove polymer by-products deposited on beveled edge of the substrate in
accordance with an embodiment of the invention.



[Para 37]Consider the situation wherein, for example, substrate 406 is being processed. Plasma 404 may
be struck when gas (not shown to simply the figure) interacts with RE power from an RE power generator
412. Plasma 404 may be employed to etch and/or deposit materials onto substrate 406 to create
electronic devices. [Para 38]As aforementioned, substrate edge effects, such as electric field, plasma
temperature, and the loading effects from process chemistry, may cause the process results near the

substrate eGgERBNiiffer MR REAEMIHEIR &7 RMYVaPE8 bt ReagiobiedrE: ERHRnghiBIENeHdER ishotential

lines of the)pliasiral sbasiiamtapaacemariiorp@ehieguairosips I @aydait aasssaionBfibalignepround the
substrate edge. [Para 39]In the implementation of Fig. 4, a first HER 414 is disposed above caoupling ring

418 and aRYORPHHEE Qe Qaelpsk s, (HUHke BB e MERRYSH R RIWHR I & BdEREdBH PR silicon. In

an embodigigibyBiE wRkPltsenidai HER blplimgyibcaiimitegite niayide ERiaal patenimdiiference
(V1 - V2) between substrate 406 and first HER 414 to achieve uniform etching at the edge of the
substrate. F¥RA% T REEBrLedgt I 6RBHAPIRAY BIEHY IXSHSS AERRA U¥dve the substrate edge ring 430

the ecge o SiBrice 205 LI A AR RO DO LR AR Rl S LS a8 may
ensured ugifoxheetshibeglivighteesgcbéopioei dedtier whible aybeteity dfirmERdaseyal engsiogl {Gara 41]As
shown in Fp;ﬁ)'vdi'dg ggp%{r)gt% |I_:yl::chuzp iir?gdtigpi%%l?\ﬂ c?ulg\? ﬂ%ﬁgdeﬁg?aihmows, in accordance with an
embodiment of the invention, a multi-frequency capacitively coupled plasma processing
system 400 with a plurality of hot edge rings. Plasma processing system 400 may be
configured to include a grounded upper electrode 402, a substrate 406, an electrostatic chuck
(ESC) 408, an ESC lower electrode 410, an insulator ring 420, a ground ring 422, and a quartz

cover ring 424.

[Para 37] Consider the situation wherein, for example, substrate 406 is being processed.
Plasma 404 may be struck when gas (not shown to simply the figure) interacts with RF power
from an RF power generator 412. Plasma 404 may be employed to etch and/or deposit

materials onto substrate 406 to create €l ectronic devices.

[Para 38] As aforementioned, substrate edge effects, such as electric field, plasma
temperature, and the loading effects from process chemistry, may cause the process results
near the substrate edge to differ from the remaining (center) area of the substrate. For
example, the equipotentia lines of the plasma sheath may become disrupted, causing non-

uniform ion angular distribution around the substrate edge.

[Para 39] In the implementation of Fig. 4, a first HER 414 is disposed above coupling
ring 418 and around the edge of substrate 406. In an embodiment, first HER 414 may be
made from silicon. In an embodiment, RF coupling to first HER 414 may be optimized to
provide minimal potential difference (V1 — V2) between substrate 406 and first HER 414 to
achieve uniform etching at the edge of the substrate.

[Para 40] Thus, the equipotential lines of the plasma sheath above the substrate edge
ring 430 with respect to the plasma sheath above the substrate 432 are optimized to keep ion
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substrate 406 and on top of an insulator ring 416. In an embodiment, second HER 426 may be made from
SiN or Si02. In an embodiment, RE coupling to second HER 426 may be optimized to provide maximum
potential difference (V1 - V3) between substrate 406 and second HER 426 to induce arcing on beveled
edge of the substrate for cleaning of polymer by-products. [Para 42]As may be appreciated from the
foregoing, embodiments of the invention provide methods and arreg\’[ﬁements for independent RE coupling

of each ho?¥BERIMETDIR HBIEYER P PEFEHIRSHARIN e d R MET iR ARG XA ReRIh & difare

devices. Bydgaplayingriieanse bivbreg Ul g e ehivly @ity @EhteRs, tRtctintauaifiEdlbat gubstrate
edge may be achieve without trading-off cleaning of polymer by-products at the beveled edge. In addition,

the designdyF iPRANTRRYPEOFRRS B angement is simple and inexpensive to retrofit to current plasma
processin uipment [Para 43]While this invention has n described in terms of several preferred
Crmbodimel e e are ARG i B REERT EAE Aoneo AT ST WTCEOEH e
invention. Alsstrdfeedlitcasiiommepyofadtli aldtiactriig H16Videcheralibibment) woitaod ERA 3h awbg not be
used to construe the scope of t laims herein. It should also be noted that there_are many alternative
s of AT T OB A AT o BB O N T G P Soxamples
are providegtimirgid, tth iprovieledeehiitatith ¢eecananyhita ded| st ativerskomdinitingrathioss padt to the
invention. Further, in thj lication, a.set of "n" items refers zero or more items in the set. It is therefore
intonded 1SEAHE HBARG U NGRS Y H et L R GLa 2 N RO tations,
and equividemisesctall within the true spirit and scope of the present invention. CLAIMS What is claimed

is: 1. A method for processing a substrate in a plasma processing chamber, said substrate being
disposed dPava 42¢huckienthayirbeuaolerddigte finsinedipe fiogpgeaid, fiestlzmimenty beitie eleanicatly isolated
from said chuck, the meth mprising: royiding, a nd edge rin id. second e ring being
ciaposed BIVG T EAB S KL A s ol R o e R G g
configuredptaraitifitate RERUeing fooovi dedESETheit ctnopliatiog hextk)rabshanthiyate <ied dast edye ring,

thereby caysing. said. fi ing t e i ntial duri rate. ' nd
causing saé@ﬂ%@%@bﬁ%%%%{n%a&xf?ﬁ@éﬁ%%qgwd |lr1£ eyg)gge{?i_}l%aashg{ mﬁ@?ﬁ 's@%{;?g?%%edge ring
during saicdyésiagtecmdtessingheaidraibgast erediing ofyahhgrenibyepruackictswt the beveled edge.

In addition, the design of the hot edge ring arrangement is simple and inexpensive to retrofit

to current plasma processing equipment

[Para 43] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the scope
of thisinvention. Also, the title, summary, and abstract are provided herein for convenience
and should not be used to construe the scope of the claims herein. It should also be noted that
there are many aternative ways of implementing the methods and apparatuses of the present
invention. Although various examples are provided herein, it is intended that these examples
be illustrative and not limiting with respect to the invention. Further, in this application, a set
of “n” items refers zero or more items in the set. 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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RE decoupling said second edge ring from said ESC assembly and first edge ring. 2. The method of
claim 1 further comprising: providing an insulator ring below said first edge ring to encapsulate said
second edge ring; and insulating said second edge ring from said first edge ring using said insulator ring.
3. The method of claim 1 further comprising using second edge ring to cause an explosion at said edge of
said substrate. 4. The method of claim 1, wherei SN pling ring is formed of a material that includes
at least opmhafieebeidve: material, aluminum and graphite. 5. The method of claim 1, wherein said
wherein said second edge ring is formed of a material that includes at least one of silicon, silicon nitride
and silicon dioxide. 6. The method of claim 2, wherein said insulator ring is formed of a material that

includes at leasponeibbinfirpiocesiejialsabshatsiva plahe presbeshgictiaibe, fuibelbarapisdngy
cdge rindl SR e R A oSH QU LR SR L e Y GG B e iator
ring, said olfeassenkidithtor inelweingddbripctiage.
providing a second edge ring, said second edge ring being disposed below an edge of said
substrate;
providing a coupling ring, wherein said coupling ring is configured to facilitate RF
coupling from an ESC (el ectrostatic chuck) assembly to said first edge ring, thereby causing said
first edge ring to have an edge ring potential during substrate processing and causing said RF
coupling to be maximized at said first edge ring and minimized at said second edge ring during
said substrate processing, said ESC assembly including said chuck; and

RF decoupling said second edge ring from said ESC assembly and first edge ring.

2. The method of claim 1 further comprising:
providing an insulator ring below said first edge ring to encapsulate said second edge ring;
and

insulating said second edge ring from said first edge ring using said insulator ring.

3. The method of claim 1 further comprising using second edge ring to cause an explosion at

said edge of said substrate.

4, The method of clam 1, wherein said coupling ring is formed of a materia that includes at

least one of conductive material, aluminum and graphite.

5. The method of claim 1, wherein said wherein said second edge ring is formed of a material
that includes at least one of silicon, silicon nitride and silicon dioxide.

6. The method of claim 2, wherein said insulator ring is formed of a material that includes at

least one of insulator material and quartz.
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8. A plasma processing system having a plasma processing chamber configured for processing a
substrate, said substrate being disposed above a chuck and surrounded by a first edge ring, said first
edge ring being electrically isolated from said chuck, the plasma processing system comprising: a

second edge rinﬁqgsald second edge ri gﬁlelng disposed below an edge of said substrate, said second
edge ring being R BERRRE S AGH L A e GeBHE 95t edge ring; and  a coupling ring, wherein said

coupling ring is gﬁ@gjgurgm@saglg@@m&@g@nn@gémmmggtrostmic chuck) assembly to said
first edge ring, there #@ausm d first egée rn Mave an edge ring potential during substrate

processing and %50 B HpilRY i 496 436k 3t edge ring and minimized at said
second edge rirgFiueSg %amstﬁ@i@rﬂr@@géﬂng feaid ERCESSeRtbyINEIud D SRid ehvalor Anghe

plasma processing system of laim rther c rising an insulator ring encapsulating said second edge
ring, Saldsﬁjlglﬁ%%#@ @19[1 Héi eegﬁ?f)ﬁoaage ring from said ESC assembly. 10. The plasma

processing system of claim 8, wherein said first edge ring is formed of a materlal that includes at least
one of s%con S|I|con nitride and sjlicon dioxide. 11 The #flasmad)rocessmg system of ¢ I}jtalm 8 v%hereln

said coupling rnﬁg ig m@&cﬁﬂi’eﬁ&mt &P RE° 8?%?% atE? IQHISH] %fm and
graphite. p@@@@%ﬁ@@ﬁ@@Qﬁ@%ﬂ@@@b@dW@a dﬂld«\ﬂi’lﬁ@]ﬁ@@\d@ﬁbﬁ@dl@@@&g is

formed of a mat hat includes at least one of silicon, silicon ni silicon dioxide, 13. The
s 065§ G s BRI STHEA VA FRUICHE! TR kBB BFSTR SHE I S es at
least onecofripgsilagor material and quartz. 14. The plasma processmg system of claim 8, wherein said RE
power being delivered to said chuck has a s RE fr s that includes at least on about 2
iz, about 27 FFSO PO AT S5 SR S0 L 3 e R o S e EBprising
an |nsuIa@rdmﬂ@gaﬂw@s@@mdm@mmgammamrmgm@ramald second edge ring

rom sald 1! egge i e SR L8 PSSR Y PR Rt iRy pigh e

ESC (electrostatic chuck) assembly to said first edge ring, thereby causing said first edge ring to
have an edge ring potentia during substrate processing and causing said RF coupling to be
maximized at said first edge ring and minimized at said second edge ring during said substrate

processing, said ESC assembly including said chuck.
9. The plasma processing system of claim 8 further comprising an insulator ring
encapsulating said second edge ring, said insulator ring RF decoupling said second edge ring from

said ESC assembly.

10.  The plasma processing system of clam 8, wherein said first edge ring is formed of a
material that includes at |east one of silicon, silicon nitride and silicon dioxide.

11.  The plasma processing system of clam 8, wherein said coupling ring is formed of a

material that includes at least one of conductive material, aluminum and graphite.

12.  The plasma processing system of claim 8, wherein said wherein said second edge ring is

formed of amaterial that includes at least one of silicon, silicon nitride and silicon dioxide.
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17. The plasma processing system of claim 15, wherein said insulator ring is disposed between said
chuck and said coupling ring, and said second edge ring is disposed between said chuck and said
coupling ring. 18. The plasma processing system of claim 15 further comprising an electrode, wherein
said ESC assembly further includes said electrode, said insulator ring is disposed between said first edge

ring and 2aid eld FolESHRPESFESID MSRIB LH AT ds pHEEEr fALk NS iR I @s&d

electrodem3RyiBherial astnRIes ecresintthe v ieruiet s aridsi lHhe yaamprising an electrode, wherein said
ESC assembly further includes said electrode, and said second edge ring is insulated from said electrode.

20. The plasma processing system of claim 8 further comprising an electrode, wherein said ESC

assembly furtheT lieohlgiesasarictetsicisosietcandf claiaig, filsicrdgasioRis fiweoupleg del Baitk¢ o elithrough
said coup in% rin%and saljd electrode. . )
chutk a set of RF frequencies that includes at least one of about 2 MHz, about 27 MHz, and

about 60 MHz.

15. The plasma processing system of clam 8 further comprising an insulator ring
encapsulating said second edge ring, said insulator ring insulating said second edge ring from said

first edge ring.

16.  The plasma processing system of claim 15, wherein said insulator ring is disposed under

said first edge ring.

17.  The plasma processing system of clam 15, wherein
said insulator ring is disposed between said chuck and said coupling ring, and

said second edge ring is disposed between said chuck and said coupling ring.

18.  The plasma processing system of claim 15 further comprising an electrode, wherein
said ESC assembly further includes said el ectrode,
said insulator ring is disposed between said first edge ring and said electrode, and
said second edge ring is disposed between said first edge ring and said electrode.

19.  The plasma processing system of claim 8 further comprising an electrode, wherein
said ESC assembly further includes said electrode, and

said second edge ring isinsulated from said electrode.

20.  The plasmaprocessing system of claim 8 further comprising an electrode, wherein

said ESC assembly further includes said electrode, and

said first edge ring is RF coupled to said chuck through said coupling ring and said
electrode.
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