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| j Advances in plasma processing have facilitated growh in the industry.
Since the ' tor industry is highly conpetitive ' general ly
want to naiﬁﬂ%ﬁg&%% | d and efficiently utilize the rearcﬂg¥%&§m§§%llable on
a substrate. During plasma processing of the substrate, a plurality of
paranmeters nmay need to be controlled to ensure high yield of devices being
processed. A common cause of defective devices is the lack of :uniformty
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deposite e area as
efm \:s From process chemistry, the prowsa. resulis near the substrate edge may differ from the

remaining {center) area of the substrate. For example, the equipotential hines of the plasma
sheath may become disrupted, cassing non-uniform ion angelar disiribution avound the substrate
edge. Generally, it is desirable for the electric field to remain substantially constant over the
entire surface of the substrate in order to maintain process aniformuty and vertical etch profiles.
{Para 4} In addition, during the etch process, # may be common for polymer byproducts
{e.g., fluorinated polymers, etc.) to form on the substrate backswde andfor around the substrate
edge. Fluorinated polymers generally are comprised of photo resist matenial previously exposed
to an etch chemistry, or polymer byproducts deposited during a fluorocarbon etch process. In

general, a fluotinated polymer is & substance with a chemical equation of CH(F,, where x, z are



result of several different etch processes, organic bonds that are normally
strong and adhesive fly weaken and peel or flake off, often onto another
substrate during transport. For exanple, substrates are conmonly noved in
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generate the plasma as well gs control the plasma density via capacitively coupling. Certain etch
applications may require the upper electrode to be grounded with respect to a lower electrode,
which 1s RF powered. The RF power is at least one of 2MHz, 27 MHz, and 60 MHz. Stll other
etch applications may require both the upper electrode and the lower elecirode io be RF powered
wsing stmilar RE frequencies.

{Para 8} Generally, an appropriate set of gases is flowed through an miet in an upper
electrode 202, The gases are subsequently ionized to form plasma 204 in order to process {(e.g.,
etch or deposit) exposed areas of substrate 206, such as a semiconductor substrate or a glass
pane, positioned with & bot edge ring (HER) 212 {e.g., §i, efc.) on an electrostatic chack (ESC)
208, which also serves as a powered electrade.
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[Para 101RE filter 214 is generally used to provide attenuation of unwanted
RF power without introducing | osses to DC power source 216. RE filter 214
i ncludes a switch nodule that allows a positive or negative current
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enpl oyi ”9) if{o nt Eu Anotier r:aw W §nr€9g{ power source 216 is a posttive voltage, the DC
potential of the edge ring may be substantially similar to that of the substrate {e.2., Vawsrae =
Vedgesing = 0). The DC potential on the substrate during processing tends to be negative with
respect to ground, and thus when the edge ring is coupled {o receive a negative potential {with
respect to ground), the DC potential of the edge ning and the DC potential of the substrate are
sabstantially equal. Consequently, angular jon distribution 1s substantially uniform, with a set of
vectors that are substantially perpendicnlar 1o the substrate in an avea of the plasma sheath above
both the substrate and the edge ring. As previously stated, this perpendicular angular profile may
be usefud for ansotropic eteh applications, such as etching contacts and trenches with high aspect
ratios.
{Para 13} it is also possible to, for example, couple the ground terminal of the DC power
sougee, in which case the edge ring may bave a higher potential (being at ground) than the DC
potential of the substrate (being generally negative during processing, m an embodiment). In this

case, the angular ion distribution will also tend toward the substrate edge, albeit to a lesser



ring may require substantial DC power to sustain the required voltages,
adding cost to the fabrication of devices. In addition, arcing between the
waf er edge and hot edge ring may cause substrate edge and damage to the
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processi ng chanber. The substrate is di sposed above a chuck and surrounded
by an edge ring. The edge ring is electrically isolated fromthe chuck. The
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substrate. [Para 16f The aboveaonly one of the many enbodi nents of the

i nvention disclosed herein adtMMEARGON IN\EINIBONto |imt the scope of the
invention VWhich is set forth in the clains herein. These and ot her
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m neral s enents an T shows a
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ring has a frequency of about 20 KHz to ghout 10 MHz, resulting in the edge ring having an edge
ring potential. The method further includes generating a plasma within the plasma processing
chamber to process the substrate. The substrate is being processed while the edge ring RF
voltage control arrangement is configured to cause the edge ring potential to be substantially

equal to 3 DC potential of the subsirate while processing the substrate.

{Para 16] The above sununary relates to only one of the wmany embodiments of the
invention disclosed herein and 1s not tntended to limit the scope of the nvention, 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 m conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[Para 17} The present invention is illustrated by way of example, and not by way of
limitation, i the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and in wluch:
{Para 18] FIG. 1 shows a simplified diagram of a substrate m which a set of edge polymers

have been depostted on the planar backside is shown,



[Para 19)FIG 2 shows a sinplified diagramof a capacitively-coupled plasm
pi eces systemin which the DC potential of the edge ring is substantially
mnter than that of the substrate. (Para 201FI G 3 shows, in accordance

wi t hhodi ne f present invention sinplified sche
capacitiveF@Q%Rﬂgpga plasma. proii wth i ndependent mﬁpﬁ%ﬁ&%ﬁ€v9(L F) RF

vol tage control arrangenent. [Para 211FI G 4 shows, |n accordance with an
enbodi ment of the invention, a multi- frequency capacitively coupled plasna
processi ng systen1mjth Iom1frequency RF from RE aenerator. [Para 221FIG 5

shows tn,accogdan an . nt di e i nven

Schemat | 4P 0o R gL e E<F B ROt oR AR pover

del i ver y s$senciaehice e botefiRbsfah 2 bnGis sioubtally RraarcORORRCE W t h an

enbodi nent,ntion, a sinplified schematic to conceptually show an integrated
sol uti on W addltlonal | ocal i zed gas flom1 tenperature and/ or external

DC pover £§ Oul’lﬁe C?‘ftt |'§| m\vwn at.c\:alﬁam? Qghs a ami}(}almfent ?i tﬁe th%m IV enfsmx[ Para 24) The

pr esent HVAATH on encd to a
enbodi rremxgzhﬁmmmxasi i ddbastvebt@dplibdpldine pacespanyern gt !n@mpemg&t lokn the
follomnng eg f qg§e :?CHLE&m gtails are set forth in order to provide
a thor oug I NY 9 esent invention. It will be apparent,

however, ft&(?'ﬁ pie S lﬂd‘ |4Q,qu{' o zthorﬁz(ntc& wgtﬁ' A embodiment of the invention, a multi-

frequency capacitively coupled plasma processing system with low frequency RF from RF

genarator.

{Para 22} FIG. S shows, in accordance with an embodiment of the invention, & semplified
schematic of a segmented HER and arrangements for low frequency RF power delivery {o each

segment.

{Para 23} FIG. 6 shows, in accordance with an embodiment of the invention, a simplified
schematic to conceptually show an integrated solution with additional localized gas flow,
temperature, and/’or external DU power source controls.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 24] The present invention will now be described in detatl with reference to g few
embodiments thereof as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a thoroough wnderstanding of the
present nvention. It will be apparent, however, to one skilled in the art. that the present
mvention may be practiced without some or all of these specific details. In other instances, well
known process steps andfor structures have not been deseribed i detail in order o not

unnecessarily obscuore the present mvention.

{Para 2§} Various emnbodiments gre described hereinbelow, inclading methods and
technigses. It should be kept in nund that the invention might also cover articles of manufacture
that includes a computer readable medium on which computer-readable instractions 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 mediom for storing computer readsble code. Further, the invention may also



i nvention may be practiced without sonic 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
i nvention Vari ous enbodi nents are descri bed i ncl udi ng
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controlling the anmount of
{Para 29 In one or more embodiments of the invention, an HER may be configured to have

a plarality of segments. Fach sepment of the HER miay be electrically isoltated from the other
segments by a plurality of insulators. Low frequency RF power may be individoally controlied
and delivered to each HER sepment and a comunon RF power soarce. The low frequency RF
power from the common R¥ power source may be individeally controlled by & plurality of

variable device.  Embodiments of the invention enable mdividaally controlling the amount of

&



WO 2009/ 006062PCT/ US2008/ 067829 RE power being delivered to each segnent of
the HER to 'inprove aiiinuthal uniformty of plasma species around the
substrate edge. [Para 301l n one or nore enbodiments of the itor nore
additional controls may he enployed to provide an integrated sol ution for

i nprovi ng pﬁ%”ﬂ%ﬁ?%?nity of a substrate during plasma g?@gg@%‘ﬁ699ln an
enbodi nent, differential gas flow nay he enployed to conpensate for the
differential of plasma species and chem stry that may be caused. by abrupt
change fromthe substrate to an HER In another enbodi nent, electrostatic
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control pRMbDesERiayedelsteaatd@l Vix on HER [Para 3111The features and
advant ages of the invention may be better understood with referencehe
futures gngha ddscusshans moladintbohleomof i thenthn shewsnolendéiceal dancle Wi th an
enbodi ment of the present invention, a sinplified schematic of a.

capaci 11 08r §e iR wratsr Hraes Sl Iyohuin S SRR Lh SHBHE 1 ow

f r equencyuideplasiREpyolstiag eincaphbalman Afkgenanias fbPasg b3 2hPloasia processi ng
system 300 may be a simle ﬁ‘(&:}a‘bl e, or triple freguen RE .capaci tively

dl schar g& B PrIdRenEy ghelinge spechioa™d vERGER FLETE T RAPHEE Poul ar e
not |i m tiedyd Bom eheGabstue Mim, HI Ndzstharth&Bmbhizslechbasialqppoges dienffisyst em
300 may be .configured to,include a.substrate 306 being di spo bove an
ol ect 1 os R TROER TR eiedpe 35ai0sRedindafhlin] B afe S baRy BT B ey e

el ect r odest sishadiespodachiahevneal BClconeil nal betmgded3d&uirbyar-an38IConsi der t he
situation wherein, for exanple, substrate 306 is being processed. During
pl asma pibeesdti ng Thafmuts kid sgueneyoRE gemepamey babelt® widtthioad plt h t o gr ound
(not shown. to. simpkify the figur Y. Supply, | ow: RE bi.as . ps to | ower
el ectr odggﬁgnfg%tiﬁ?}gﬁb b%%gﬁf—_ub%%%bc%m ﬁ%&b%ﬁ*'( r%{]m’s‘ﬁoﬁh #%“es?ir%rp llg fy the
figure). effhaliREBt phhe prepgrowi dedn. fsomiRE! gbaertatdn c@i0tivdycdupledplistawi th a

gas (not shown tQ. sisplify Lgure) Lo i-gnide plas 4 \een upper
el ectr odg%éﬁggﬁgﬁgteg}u%g £ {gi%{‘t?e&eg%g%{t g?“aggﬁ}aﬂgnr%)@%}eé}e‘r?g o ytgg1 {% g‘”‘é‘?gg%@%h d/ or
deposi t Lhial s gn ST Lat _ L 16L88LE §lBetLUMIE ndeuh&as: [Pain
341In t hg"a}; ﬁ%%j‘gmn??%%xlg61?}&6%%%1#?%3?@39@0%%t%ﬁ%g%%r ?Acugt i %'n_sg’ 1%%%%%3% e tipper
el ect r odeap3ciORly sdberzg poiend du ambhpleengediequcias kaxvering. bstrowelmW ch i s
RE power gd, . TH&RE-POMES . da% s 1, QRE..Q @%{l;g] 30 mdM% o 80, Mz, Still
ot her et %ﬁe'ﬁb‘ﬁﬁl{%%?gi\r%%’ 'ﬁ%?ﬁ?’g}a%f}?%hgg}?ﬁ&% & , “ppé?%e 1%?8‘?}%5%3? t he | ower
el ect r odechde baubREQHidbewd digeised phost pr ¢lentroREicfohueck (EBRC) . ESC 308, which

also serves as a powered electrode, 1s disposed above a lower electrode 318,

{Para 33} Consder the situation wherein, for example, sobstrate 306 15 being processad.
During plasma processing, a muhifrequency RF generator 310 with a path to ground (not shown
to simplify the figure) may supply low RF bias power to lower electrode 318 throngh an RF
match network (not shown to simplify the figure). The RF power provided from RF generator
310 may interact with a gag (not shown to simplify the figare) to ignite plasma 304 between
upper electrode 302 and substrate 306, Plasma may be emploved to etch and/or deposit materials

onto substrate 306 1o create electronic devices.

{Para 34} in the implementation of 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. Stlf other eteh applications may requive

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



WO 20091006062PCT/ US2008/ 067829 [ ParaAs shown in Fig. 3, hot edge ring
(HER) 312 generally perfornms many functions, including positioning
substrate 306 on ESC 308 and shi el ding the underlying corrponents not

pr ot ect ed the substrate itself from being danmaged b ns of t he
pl asma. Hotvy(e?:?@% oee ﬁg 312 may further sit on a coupli néc %88%5 e.g.,
quartz, etc.). Para 361lin the prior art, a configurable DC. power source
may be coupled to hot edge ring through an RE filter. Unlike prior art
met hods, an i ndependent | ow frequency RE pOV\er sour ce d an RE match

net wor k be enpl ayed del i ver R 312 through an RE
filter 3 4“'?‘ gﬁacc%ﬁd‘%‘&‘é}/%“ %‘rqﬁh‘d@ﬁ%ﬁﬁf &gﬂt? ?“‘F‘F} Y P‘?’i et PO “‘1“‘&‘%

exagEIReBig&dilmbmunegwslm&k@s m(bmmmweﬂs e i}HMh%Z&nRE;&ﬂ?W@r dgl ivery
to n .an e uenc ellLvered to
HER 312 VioHeyd éb‘a\‘ﬁr‘g?’mé%xﬁ*regf 53’221"’*‘ ﬁdﬁr&%’g@& by ‘ed?f“’ Lﬁ\é\%ﬁ%’t‘?@?{ ‘3?‘@3%‘“5‘*26. As

shown i n3H gay @sthdrBit b b t@RHLiAlg B0 gePanakt ¥cysed to provide attenuation of
unwant ed RE power without introducinu |osses to | ow frequency (about 20 KHz

t o about [Hda Miz) REthp pmrmsoomaﬁguaﬁam Has-aootcsmay B gepied atlededga rikiie

pl asma. disc t .from bei turned to wfre uency RE
oo solreeh 3o 8F 5 Sma TRk n o ST el B S5 Hienr by i R A ig e

substr at e’*ﬁﬁtﬁ an Rﬁ&l&i(ﬁl&ﬂ%ﬁ(ﬁl}’i mﬁmtﬂaembmwd b dgfuenky piRker pxmi/ER 3$DibEaRh be| ng

del i ver ed odi rent t he frequency
bei g der DA ¢ 3 T iserras b a7 Slent R SRR Rl SR IPRY £ o
subst r at e«t83064,316 hay bmngiw&duem&ymﬁEMmm deOwre ® ek Y. Suppbhieditat, HER 312
IS oal Ml Ry KRIBRENGRNLIN 0L L0, NS R0 M el (R 12

and not age ‘or strate ara Erl oyi ng
| ow fr equxsmﬁzyr zﬁﬁx@mwerf'\ss;mmcm f‘h;.p %cidnﬁkml 1M gdneoatly HEdR 1o pmwe:mmagm may be

rel ativel hi fre c igh RE
frequency’ Lﬁlﬁg}“ z %eié"o‘h}b?temtg’roé "B @F‘Fﬁs {OX%‘B%%@B“‘ ‘6§°“5£‘9§or wea?% 035 i gg hi gh
fr equencyﬁaERp@mé: sbirc€ rl'ialrmw‘ndmtaazg;eumyd el 1@I@her:hst:mmindewe bt ket same VDc
control n_ HER rior ar { | oyin

confi gur gB‘f’ge%’eﬁSﬁ%ﬂ'w 2"&6%\%‘6?‘"8){‘8(5% ":ﬁi ﬁ"“\%rf eﬁﬂohgﬁégg}iz %l;aygal so require
fror € po‘“@f‘aﬁg&gam'}@ mQ%p c%ﬁ{a'?tlePa 33381%&%%!} :R{If A‘J@&& L8 me Y BRL A0S Y, 1 ow

frequenc for easier sufting 1n ¢ verage for the
V\/nol e rapeexr ecﬁmztehsmgniek:es@ iWHRHGWE nfaPhe &f‘fa@mlmahhezbwd@bxanmn geion of Fig.

3, low f'?r@cﬁz‘é]?@%s gﬁe o 0 HlaS gf,c?i%]ﬁe WY £ by R}%Qm% S’Ja@@t &Sk HER 312,

may al | ow endent . con i area of
306, the low ﬁrequenq RF power source being supplied to HER 312 goes mamdy into

independently controthing the tnduced Ve on HER 312, and not the voltage or ton evergy to

substrate 306,

{Para 38] in employing low frequency RF power source to control Ve on HER 312, the
power usage may be relattvely low compared to high frequency RF power source. Since high
RF frequency may tend to couple to plasma, the power usage for employing high frequency RF
power to control voltage may be higher to achieve the same Vi control on HER 3312,
Analogously, prior art solutions employing configurable DC power source to control voltage on
HER 312 may also require more power to achieve the same Vpe control on HER 312,
Advantageously, low frequency RF power allows for easier RF match resulting 1n coversge for
the whole range of the process window.

[Para 39} fn the mmplementation of Fig. 3, low frequency RF power source 332, which is
bemng delivered to HER 312, may allow for independent control of an area of RF sheath voltage



WO 2009/ 006062PCT/ 1 1S2008/ 067829 above the substrate edge :nu 330 with
respect to an area of RE sheath voltage above the substrate 332 to produce
desired electric potential differences in accordance with an enbodi nent.
Hence, the ! and/or plasma around substrate 30 not
affect d (Bg@gﬁ%{gﬂ%%l Il e not wishing to be bound by th g(gﬁg%%sm%gs%%ent or
believes that the ion angular dis bution may be controll ed by altering the
DC. potential between the substrate and the edge ring, thus optimzing the
equi pnential lines of the plasm sheath for a given plasna process. In an
23‘62?}, :?gi%li!gth@%n{@€%ﬁa& 8'%%) with re Cpect@%’n qred ?{ lﬂ' shg%}e\(?éf{a:;,g abﬂlx elidaﬁr ound the
enbodi nembxtramh%ahpmﬁuaeskssmbshant matduyﬂ chﬁe*e:tcm mal:deydm@m sat‘ad fromthe edge
ring. [Paxgxgt}d‘ln% 1}|§:01r ieak, q}‘%odlas’ntsg Y ¢ amf] 0&@9&9 i cszwtmdt »tu@stxdse JO{) E&*esawbn% fgetaiggtl aIDICy t he

potentia

sa at di tioR rally caanseqguent.| v L of t he

o s ST Wabo&é“%%?ﬁ“?“é’é *sﬁ%‘*%*%gi% R AR ey A0 AL B O e
vect ors arsif dstmbetivnhay bacetsiibbinaniviial thy DEeretrd bowkarthe ebsitue @dlﬁ&t rate.
(Para 42 <

subst ant %‘glg%ggﬁl ol‘e){rmelk'? gft %&ngg&&ﬂ%gﬁ# pﬁqﬁy@&t@&g&gggghgﬁa the ion
angul ar Gﬁosft‘!‘l Ivat pdraniageogenamat, W&ﬂe@nmuﬁxfmﬂme UBorisseua hW‘dIﬂN: t he area of
t he pl as a b Y [ an set of ion
vectors g;?’ e #%%ﬁﬁgg B%X&n %%}L&%Le“uﬁghf@(lﬁ r%%ﬁﬁ ﬁ@&ﬁig}gmégggm%@ﬁhe surfaces
of the sut@swta%inelaﬁdczﬂmesoé@émmthgedz:waga 431l n an advant ageous fashi on,
the DC potential on the. ge ring may be independently controlled from
that of i &lbst Fatwameans q@éﬁ@mtlai@ﬁ@aeaﬁﬁwﬁ ey és whiausally hhnpas

potenti al.gfc 53&%@4@%@@&&“&% Lhe DG, poLent !L@% uffiod Qﬁuﬁﬂagugmg; y be
optimzed in order to control the anqular distribution of the p05|t|vely
char ged EoRglly pnifane. pPasshsby. GuP eIe tediema shephiabaiaiotytbe abpptarad 4411 n

gddl Ui ONpe kel B, AlPERIPALIANRIRRINGL AN ALEANIRIRMicAS :Jirs ciisggd In fig.

{Para 42} However, if the DC potential of the substrate edge is substantially different from

the DC potential of the edge ring, the ton angular distribution is generally non-uniform.
Consequently, in the area of the plasma sheath above both the substrate and the edge ring, a set
of fon vectors gre formed that tend to be non-untform with respect to the surfaces of the substrate

and the edge ring.

{Para 43] b an advantageous fashion, the DC potential on the edge ring may be
independently controlled from that of the substrate. Consequently, the difference between the
DC potential of the substrate to the DC potential of the edge ring may be optimized in order to
control the angular distribution of the positively charged jons in the plasma avound the edge of

the substrate.

{Para 44} In addition to the aforementioned method and arrangement as discussed in Fig. 3,
other embodiments may be provided in which low frequency wafer/subsirate RF power may be
employed o deliver R¥ power to HER to control R¥ shealth voltage. Fig. 4 shows, in
accordance with an embodiment of the invention, a nudtd-frequency capacitively coupled plasma
processing system 400 with low frequency RF from RF generator 410, Plasma processing

vstem 400 may be configured to inchude a grovnded upper electrode 402, a substrate 406, an



ot her enbodi nents may be provided in which | ow frequency wafer/substrate RE
power may be enployed to deliver RE power to HER to control RE shealth
voltage:. Fig. 4 shows, in accordance with an enbodi nent of the invention,

a nmulti -fre uenc capaC| tively coupled plasna processi 0O wth

| ow freque O?/ Oﬁ‘fé‘y ém RE generator 410. Plasma pr ocessﬁﬁgﬁ%}yiﬁgﬁz‘goo may be
configured to include a grounded upper electrode 402, a substrate 406, an

WO 2009/ 006062PCT/ US2008/ 067829 el ectrostati c(ESC) 408, a | ower el ectrode
418 a hot, eh,ri ng (H. 412, a coaxial cable 424, and an insul ator sleeve

B S B U T A B R s ORI R0 2

figure) M efdstisSudBleREpower from RE power generator 410.. Plasma 404
may he enployed to etch and/or deposit materials onto substrate 406 to
create ek‘}fe@h R¥INI C Cdevvdet 68 s.ituaEiEiaﬁEeiéﬁ]iéﬁe*(ﬂzﬁl@lmmm&i@med§si&h@&td@%@i edge

effects el ec field J oadi ng effects
from pr ogg g(% @F “&ﬁﬁkﬁfn ”5’&‘5‘5 Sgﬁ‘gaibf’"&ggs@ b‘ mél ?tér‘ihé‘é’”qgt ' 1&°Stibst rat e
edge to bemdiif foeregnbnomt th@lasmadhinngbd mehived o eathaad iy ddpesisubstaisat e.  For
exanpl e, ines, of the plasma sheath nmay becone di srupted,

causi ng ﬁ%ﬂ5\Jbﬁ??t'6$¢ﬁtl°6ﬁm§ﬁﬁ'tﬁ°§|m d§ %% i bution around the substrate edge.
Para 47440, a4 ”*{Q‘?!h%@z%‘ 1%101556‘89\9&{:: gQLUJﬁ%&; 3&8?9941&9[‘;;91%%(

del i ver shower to $ub I ver Qﬁ‘!ow frequency RE
power t oichipRatd md'th@ispgdm«aezm,glﬁ’aﬁr;eqmembymm iy camse Skprand :@ﬁlv‘aremabl e
capacito o 4 s

contr ol Fi:tg a&i@t{’:{é QGH%QO g{f\,&ﬁg&d ¥k ét%t}e:gm&gg ?Qu&é 321 %gthga%atgageo ?F a%%gw th an
enbodi nere e@dzp{tm@ai ma:emﬁtbmiaﬁnméeat&mz@mc@wdlﬁmﬁqﬁ@my}:: aREwpSwWEnof r om RE
gener at of, Uuil,lgdilsr%&tgl%agn%%‘hg]gg&g{rgtge R 412 via coaxial cable 424 encl osed.

in insul Ator & ent Hodi ment. "Para 481l n the inplementation

of Fig. fparh fr%ﬂ%&ﬁl&iﬂ%{iﬁgapﬁ%&\f&& G@aﬁﬂrlghml‘{‘@éxﬁﬂiil ﬁelh@:‘sr&@ foephed to HER

412, tnay af I ow for contro an area of sheat h 'vol t age above
t he substubatrase Hfgmay bargda0d i dehiverdesp Betuepy Brpoaeely i&ﬂ%@ gt hhigh| t age
above th . UGS, S6S] ked Lbik G aRQLeOLL AL, Hiffgr ence in
accor danggﬁi\%mpﬁgﬁ&éﬁg%é&q“% {Flegllsnivenstiﬁloeﬁgl é’l% ijq?ﬁt&‘%}da?tjercont][rﬁl may be
due to RE: pumevedtocdybelios @b@tﬁﬁt&t@ A0 deideorto HER 43 2 sserdgct pohpt he same RE
gener at O[amg’c;c@hen[t E)xatﬁ?mt #A{%QEﬁQ Qhﬁgxeiz% m,)p IRE‘%Q@%&W} Re ;\, .uerQIEdl ﬁxgx by
control eratio o ower to substTat 41

power tobsg stmcétoéimﬁimcc@mbablﬁ 4brelorE ip dwelator @e@hfiiffc Ba@nt o HER 412
Not wi t hsta &&’E% g:the lack of independent control of RE power to substrates
406 andi or 412, the trade-off in net enploying an independent RE power
source ey, Rggiof f 80k BYp1BhQVEh BEFid eV e ARENL, RELHGEY Lbke iR wBRUEI ty tO

control i1nduced DC vol tage on
being coupled to HER 412, may allow for limited control of an area of RF sheath voltage sbove

o)

the substrate edge ring 430 with respect to an area of RF sheath voltage above the substrate 432
to produce desired electric potential difference in accordance with an embodiment of the
mvention. The Hmited control may be due to RF power to both substrate 406 and/or HER 412

being from the same RF generator 410,

{Para 49} Although HER 412 voltage may be controlled by controlling the ratio of RF
power to substrate 406 and HER 412, the RF power to substrate 406 may drop if more R power
is shifted to HER 412, Notwithstanding the lack of mdependent control of RF power to
substrates 406 andfor HER 412, the trade-off in not employing an independent RF power source

may be offset by providing device manufacturer(s) the ability to control induced DC voltage on

10



WD 2009/ 006062PCT/ US2008/ 067829 HER 412 t hrough | ow frequency RE power from
mul ti-frequency RE power source 410 to inprove etching nme uniformty.
[ Para 501Wile not wishing to he bound by theory, the inventor believes

bonmbar dnen rate may be controlled by altering
t hi ckness. %&%@@%&tﬂ he situation wherein, for exanpl epéﬁg%vﬁ&?@fuency RE
power may be supplied to the HER resulting in increasing the sheath

t hi ckness and i npedance. The voltage drop is a conbination of the voltage
drop across the sheath and the vol tage drop across the surface on top of

t he subs t he bat.her vo acr QsS4 thic sheat h,
e U BRR iR kB bR e R S B BB bR 62 Tose. 1
an enbodiwﬂ;ﬁmteetsﬂxh@:ahe;afohnh@l ckness may be controlled by adjusting the

vol tage on the HER through | ow frequency RE power to affect ion bonbardnment
on the stibss féit e. WiHamat xﬁﬂlﬁx&rmﬁahemnﬁmliﬂree@t t’heawpiigxi mgexieeumfthe‘rquency RE

power t Ob{)ﬁh‘fﬁl (!;"ltluni 0 S&i‘f%p&dfb E’tﬁé Ib(? (.011% (}Et.edfq)'\ Ziﬁ@i liﬁ 2 xhezgh @P&ﬂ%% @{)l%af f? Ot he u pper

el ectrode cause the
i nduced Siwbon s@imttzaheori-dmz;ﬂ@ imﬂcemsca RFAsmam me;slm stuppltell er e HERaedligher drop

On Lo URRSkeRLE G R, SRURLDASERONAA M PLAGT A05 L0 RENSISGLRY TNtO the

pl asma the’ _ € controlled
by the vmimgﬁgﬂmpmo#ﬂ@c%ﬁim dazﬁdwghita@wdpreeqwemcwrﬁﬁ povent B2dbrgener al |

:QEWDL{AE?B%? ?{ﬂ%i{%?""%{a«é Fof A z&%&lﬁ@ﬁm&ﬁ{ e, ﬁ{lﬁ%%&zﬁéda&%e? to“@@mtt‘ar&ﬁﬁ%ga;rency

may be deﬂfhmeduetmawﬂvéesklaﬂ abytmbncémpenm sheath dasdingds nealbk ecrimalialbyenbodi ment .
In prior g(ﬁ{e ing %‘1: b gk 58 %}kﬁ{&ﬁ%z Fﬂl? %‘{ﬁx y kf p&bﬁ$a’9a9af§e‘é£}8\k¥o;£@m§aé;?Ca' i zed

spot on Fe Tzt mit Sha Speci es around. the
waf er edgiethm;}b%beel ow due to the | ocali zed effect fromthe hi gh frequency
RE power on the HER, In high frequency RE power, the energy from high

f r equenciPaRESHowe r\ﬂpﬁﬁ?f e rp] edfeetdrontreppired e ﬁ%@@i"e%* PAWEr t!?d ¢t HEBds the he

azi mut hapUnlLRE AL Na gﬂ&%%@ t¥‘?}f k& pe?gggthi@ l_é%%bzglgﬁf»i@g W 164 R@ncy RE

power may not create on t T equency
pover af fne}tbesmtxh@ed/mcmgéheatsémm‘« HER the TR it inerorspl r\ﬁgret-@t thvee ok hisher

Speci es. . &?s%é %lgfg B}Y\% u{a?ei Q@Q}oﬁé( 9’5’1@{9&' Ee%xglana&é&ﬂyﬁsh@{}e & 1%5&52{ iRl aﬁ]&ﬁm hori zont al

conponent o ectlo rection, ured around
t he hori mewasijePhe eiz@@mtm Iiéwwf sieqmemsierm :pra,\/\ieerwdehiiede&fyhet\@itmw HER, the

azi mut haly ggf tgsro% M frec pency RF power.

{Para 52} In general, low frequency RF power is easier to deliver and conirol than high
f‘requmcv RF power. Inthe im;ﬁementation of Figs. 3 and 4, low ﬁ*equam:v RF power may be
frequency RF power 1s bemg supply to a localized spot on the HER, the azimuthal un io;mmt}-* of
plasma species around the wafer edge may be low due to the localized effect from the lugh
frequency RF power ou the HER. In high frequency RF power, the energy from high frequency
RF power may couaple to the plasma species. In contrast, the azimuthal uniformuty around the
water edge is high since low frequency RF power may not create localized effect on the HER.
The low frequency RF power affects the voltage at the HER without coapling to the plasma
species. As the term is emploved herein, azimathal refers 1o the honizontal component of

direction, e.g., compass direction, as being measured around the hortzon.

{Para 33} When low frequency RF power delivery to the HER, the azimuthal anifornuty
may be high. The aximuthal uniformity of plasma species around the wafer edge may be

i



may be high. The azinuthal uniformty of plasnma species around the wafer
edge may he WD 20091006062PCT/ US2008/ 067829 i nproved, by segnenting the

| ow frequency RE power delivery to the HER Fig. 5 show accordance -with an
enbodi nment vention, a sinplified schematic of t1E and
arrangerrent“g({%ﬂtgg Fﬁo\?v frequency RE power delivery to eak @%ggr@g{sgg[%r
541in the inplenentation of Fig. 5 an HER nay be divided intou ality of
segnents (506A, 5068, 506C and 5060) in an enbodi nent. Each HER segnent may
be electrically isolated fromthe other by a plurality of insulators (508A,

508B, 508 cordange t he.inventi on.
"noan entioat saRY e b B g E BE p A P IR iz YoM f ot 1 ed_and
del i ver egkct@s n&amm:ERnBa&tyﬁamtﬁ tht mvaniognibosiitedtchehaic Exanplegied 115& | ow
frequenc RE power source 502. The

| ow freq%‘&ﬁw s o s%eie%ﬁ&sm‘?f?ﬁﬁ* SOTE! EB6Teo 502 may b

i ndi vi du ont N Fal, it ,var 4A. 504B" 504C,
and 5041} )m ;ﬂ C?‘I t}i_v& 1pien¥:.n dtl B3 :o“'inf % é’c%‘r}g‘tf\mdfb &, ?;le%ugu% rﬁ)p%\éfap % of the

i nventi omgnﬁh@&@%%ébﬁ%(‘d&@bm ineyenediopl. dhentiBR stypevanidlsl e nat ches,
Fo XMl ool Rl RURB 6 G5 e, D, SR OME0, LRI BK 08y sdspendent

control
[ Para SSa@mdsm:d enthiah azibwthium phihe whariei. n{n <¢1@mbe<kampl iexa fdumamgﬁbbma

ggg‘ées?hgmg b h?&ﬂa&@%‘o&?ﬁé 5‘&“&5‘9&&8%&1&’}&&5@&@%{% Alan {ﬂﬁméﬁ%ﬁ di%hsflegge”t

vari abl eew&\wlecée 5@4@@@1@ (&htm@br mhebeahbmd fofm f@ixpm@l} tzfemngoml Fo%ered to
HER seg n@get 10? Q&Q}ﬁi ean {mex%ngﬁe po%c{ %&f ?30%1 % “f)IQH\S be @\ [B‘d&}ﬁal

uniformty o asn’a speci es aroun e I na nproved by
i ndi vi duamuyﬁe'@dmmmhalnrlgi xtaheblam)mﬁ{‘i@%%m%@o‘iﬁét ’imérﬂﬁgmdeb‘mé&é%d to each

SeaMEnt 0@k ARG bR AONREARL i1 OuE! PEesRTLNSLG,dQGRLL zed ef fect

of RE power delivery on an cause azi nut noN- Uni Forni ty,
control l eﬁa?hd@intedé?yai@biemtq@@méﬁ em:mzée sHgnentbiodeyars iBEReraplprdwi de for

bet ter a%m@%%%ﬁ!apeﬂ@nﬁ%n%l cf¥ tt@ri]gﬁ'& &i}gﬁe i%ff %(1@9\91"?}%}&5 9&@0 gh@%@@ %&%m\é&l tage

control I'S ac “freu

addi ti onply g8t 1 ok gud Ythggstéaﬂ&ﬁ grlg @%ﬁ&aﬁg@vauﬁﬁu @Qﬂuﬁﬁr@&@ﬁf@e&% ition for

i nproved uni ormty substrate durin cessing I n accordance
Wi t h oneboRimehas n@m@ﬂn&‘n@‘siﬁ@Hhﬁh‘é\%m@@ﬂf"in1fl@lip‘g Tre@regdrols povies rgig cor dance

Wi th an &W&eﬁ@%&l ;Ptf» & ﬁtu\sﬂ‘éﬁg &&Q m%@ﬁ bk diad a%ﬁ@z@k!&“%n{wor gapceptual ly

show an 1 ntéegrat sol ution Wt tional. localized
t enper at SttiseredindiBR sagpeeiHal fpE cg@ffmrx REpuesonion 92| s, amuﬂm?

2009/ 006Q62EGH Hﬁ%&%é&@g@%ffiux[ﬁﬁ@w%&%%@%&%é uﬁp'?sﬁ%@&v EAATRLE, Wik equency

RE power nay be l1vered to an HER 612 durin asma processing to correct
sheat h v@keagent ghyfpower being delivered to each segment c)fahxmdw ring. In confrast fo prior

art where localized effect of RF power delivery on an HER may cause azimuthgl non-untformity,
controlled delivery of RF power to a segment of an HER may provide for better aximuthal

antformity around the wafer edge.

{Para 56} Once voltage control to HER s achieved by low frequency RF power, one or
more additional controls may he infroduced to provide an mtegrated solution for improved
unifornuty of sabstrate doring plasma processing in accordance with one or more embodiments
of the mvention. Fig. 6 shows, in accordance with an embodiment of the mvention, a simphified
schematic to conceptually show an integrated solution with additional localized gas flow,

temperature, andfor external DC power source controls.



trajectory. issues. The chem stry around the wafer edge may be affected due
to the sputtering of the HER nmaterials. The by-products fromthe sputtered
HER materials inay interact, and interfere with the | ocal etching

chem stry- fer edge adjacent to the HER [ Par I exanpl e
of Fig. 6, v@hoﬁ%@gﬁ?i al gas flow may be introduced thr%@éﬁéﬂ& J}l}r%aJ ity of
ozzl es (602A, 602B, 602C, and 602D) across the region that may include a
substrate 606 and an HER 61210 provide different etch gas densities in an
enbodi ment. Therefore, differ ent pI asma speci es may exi st in di fferent

regi ons ros.7l sug}S eﬁ‘ 6?110 E i t9.G \n‘g y ifferential
of the p e ls pe B ARG “THE ‘&%eﬁ%'gt Pre“é‘%geﬁ‘ @Q%BV’%{’[‘X h‘éﬁ’&e from

subst r at é:le86d tcﬂml"ﬂﬁfk 61[&1&1;1{1@&@::&59&6&3@&@&@&& s}&eat}t mlza@i andiof fog enti al gas

fl ow acrgss subst mq { ¥ gas fl owratef rom
first. nB¥si 6%‘2@2\ i ‘B’é“‘*ﬁf P‘Pé‘?‘%‘ ?“’% Fb‘%’% 8"86?%%‘“ TEHTRP ErPYIR e & ond.
nozzl e 602BiERangderidhe Thi keptoﬂu@s:fmn dﬁrmezewﬁt}fftiﬁnatammdmnammfmé gas flow
rate tlir eac {lg appropriate flow

control ef%i g&j’m‘%ﬁﬁﬁ BiRE éC(IE)E}ﬁ Yo Wg&’%ﬁ{”‘% agé“eg {8 flow controller).
Hence, §%§Wden§1 tIhX exa gfﬂe o%agogtd’at%m{%% gaQﬁ(m 'ng?%f_ﬁéoémeg Ihzaﬁ‘:}x the

chem str ct cau ¢*from RE
voI t age glonfinaif m@@dﬂ&f&”’ﬁl@"fi[ @aﬁ“a'xr@@mm} egmeﬁtakqmmhhm treppehet ar eedge
"substra . R, 6 N T " y increase
during p %“g’?%‘ge ‘p{r%ggég‘g?{%g {’iU‘%" (TR et ‘*ic%&?e%géggie" f”:?‘mte“!‘w‘gi}“ae Ure at HER 02
may adveisetfpeadiffaett plwahe spee!dgea:«r e frt dfferBip regora nphs, aa%asatHE% SHHERet s
hotter, el ML L% 0f (RLAS ) r edge
't he' 1 B0 SRSk o AP RGBSR RRAELER, Ol QelF B T e
t he tenpémagaﬁrtmlsﬁ‘sm@lﬁnaﬁé?RGOB arid/or HER 612 need to be individually
controll ed, to maintain Pr ocess uniformty duri pl asma processing. [Para
61i hi anifapdYi nefPncephially Brasedifergrial pfs fowbstops Si@@@""ﬁﬁ\}f@é*@"ohh ol l ed by
el ectrospaticald 'ﬁ(m%é%%& x%&?ﬁi&@&ﬁg 1&:%1*9&%8& aéc%%?hm@@ﬁe isz)‘Qal ogously,
the tenperature of e Individuall'y contro al so enpl oyi ng
el ectr osﬁfa?!iddméﬂ’aﬁ&b%?ng*ddﬁe MERB erprdpee yotites pinbpdse o dee s o ﬁafaﬁﬂféﬁbodl ment ,
By cl amp L inS t y f 612
e e e TS
2009/ 0066BRPCT OISO 810682 doe ppitolirhgivke plasws tasicmiobaesirallsddanp
substr at &ci@%al@rto HER @k 2nerROHGNAG AR Ul Mol Gy BEHER LMV RLLY
controlled, to allow etchi ng to occur at an appropriate rate. [Para
62] Consi BEoltise caitpleftHEShe \eher ei n, f or exanpl e, DC vol tage may be
mani pul at ed by an_external DC power supply 616 through an RF filter 614
whi | e apPlay? Io%"giﬁ‘%!qhé‘ﬁéﬁynwfiﬁ‘b%?d*?fé\fm56@24“‘ PR A e KB fdé, ¢4 he DC nay
be grounged whid® rappl )’d‘tﬂgnu%e hLeQUeReY pxlggeﬁﬁmnéogtr@ﬁ&&;e%ses W anot her
exanpl e, the DC volt e, positive of negative V. may b plled whil e

appl yi ngwf”@w/aﬁwr?éﬁﬁ‘é» 3 REV ﬁ%\%htageﬂﬁﬁf% ¢gue results. For example, as H{*i{ 612 pets

hotter, the chemistry and reactivity of plasma species of the wafer edge in the local vicinity of

HER 612 may change. The mventors herein realize the temperature of substrate 606 andfor HER

612 need to be individually controlled to mamntain process wmformity during plasma processing.

[Para 61} i an embodiment, the temperature of substrate 606 may be controlled by
electrostatically clamping substrate 606 to chuck (E5C) 608, Analogously. the temperature of
HER 612 may be mdividually controlled by also employing electrostatic clamping of HER 612
to bottom electrode 618 in an embodiment, By clamping the heat transfer mechanism, the

temperature of HER 612 transters heat from bottom electrode 618 onto HER 612, Thus, by



' Para 631When | ow frequency RF power is being applied to HER 612 during

pl asma processing, a \Inc may be induced jon. HER 612 to push plasm

potential higher. In order to force VDC on HER 612 to remain at zero,

pl asma pot tend to Shift affecting the ion e strate

606. By ha\%gﬂ%x?@nal DC control on HER 612 while appﬁl ng&(})o%g requency

RE power to HER 612, the ion energy on substrate 606 may be controlled

i ndependent|y. {Para 641l n general, device fabricatior tends to be a.

mul ti-steps process. Each step in a process recipe for plasma 'processing

?Lcﬁpzu?g&ploﬁz %Q%IE%DQ%& fomea i¢ s,ﬁnga sgb%gf L%f)&.a(]) af[ﬁ# : gauéll’:ig{/m X 61\7@?5‘& gebpr OCESS

di rect edbs¢ mdsamiuﬂ&ﬁaﬁm; teéntdibh Lﬁdha:gmcamsheamha;mmpgm retter uniformty at a

substrate edge in an ernbodi ment. However, if the |ow frequency RE power is

not - bei ﬁgwaﬁlpil [ eé[‘Otzse:let He stERcdwhdtng {pl @snplegPOcdsss mgy bd omspitiantbyt o

bonbard i to the

vol t age If)‘gsf i‘%%]e %%J%E {“aﬂég’%ﬁ?ﬁg“( %gﬁ%&}éﬁjé,%gﬁggg %’f‘%qelAm ons

bonbar d pmrbzekiékew eldgepxqsmﬂwﬂeﬂfdepdm grgindnt wihie sbplvel bov Edgeody be

renmoved > @ LRI ocess. glep for

cl eani nth gﬂ%%lggd 123;1&%‘?%{“%233 g%%)s(t ﬁ?é@h%%g%{é&g 'H\{/}e{j “Fglr\ g%(arrpl e,

t he pr oceisﬁesi ebiqperivog ‘aﬂfm&nk&ﬁrtﬁf pheawitiq stlep may specify that the |ow
.frequency RE power to he turned off to allow the ions to bonbard the

bevel ed 8Hgasiin aiherdodimsency Rfmarar i Saibearapph e d1ER @3 doremniesme t hr egoi ne,

embodi MeRlseGhe LG, hBY EDIARA, QYﬁeﬁ%xﬂ%;ﬂ@Q%ﬁ&%&J&x% gﬁ@p%%@% control of

waf er edge result ycon rol 't ng Sheat'h vol tages on R around the wafer

edge. By %@@p‘*%@méhbﬁﬁ mre@maﬁew% olagind wmengpl mfortrwgo g8 alprdipgthe ion

el ectr 035&&&’@%1&[ AR @96 ey th}xer Q@}mﬁ@@%r&%l W BR 6t Q\%&B'-:apl'ﬁﬁu‘{&i tage control

(these approaches may singularly or in any conbination and/or
sequence¥ equle?féI}ﬁWﬁfﬁﬁ%%g&sﬂ*ﬁ@m@m’”wl2@@9’1%@0’6‘2@?*\93@%8/ 067829 waf er
edge resylit.snq@)ybe controlled locally to achieve higher yield of devices
being fabricated. By enpl oying external DC control with | ow RF HER vol t age

control, jfi£s410N GNELEY:, Rl rRMRBELAL & WRYnDE sEAbRL adoi fgapgndent | y.
By controlllng | TER voltage in different steps of a process recipe, an

i n-situ BREMRICRIGE §F PRYRY HEresHHYIS sHhgRLe; f%‘t’»fﬂié?sliﬂbwev@hese RRAPEGE] Efer edges. in

addi ti 0nexa%@\éeﬂz@bmb&glécﬁa@tzorraﬁx%ééhﬁ]s? qtte;hﬁ&k}; iRdhcAbe ﬂreg{bn@snﬁf* gYwandupl asma
density may be controll duri ng} | asma processing. [Para 661Wile this
:

i thas be8FFcidati Bleliy W"?’%‘ﬁ’?ﬁéméf eé‘é‘\?‘eﬁeéfmﬁf H‘“@hﬁ‘ﬁ%i“ﬁe‘ﬁ?@m’ RSB e

al ter at i gQs,diRer UL L0 NShe a@@&ee&ﬂwei s&t& is WRbGR: fdlida e &nemscor)e of
this invention. AlSso, the title, summ and abstract are provi ded herein

for convBAPERIECeaE @ﬁbiﬂ“&mﬁ’@t""ﬁé‘&%&f‘*t‘% “Eﬁﬁ%’f‘f”ue“‘éshé es%ﬁed geetde ol ains

herein, |funshokhoRhef HeaRt 8dwtdiake HHREKI BE QbIBRY A bRrdabhigmaays of
i npl enentin the nethods and apparatuses of the present invention. Although

vari ous BRARPPES 2phangs dermside the E?“é?‘ﬁde‘?«? njay by Fﬁ’@hﬁ%‘ﬂ‘f’ﬁ‘%@et(ﬁese exanpl es be

LT ustr abéisrdites. "9&%&' éxﬂﬂsit@ﬁmy&g Qe B8 DBHEngliR: ENBled BB BF O Bubsildé MRET
this application, itens refers zero or nore itens | n t he set

It is thBtehirat iFee eﬁaea &hhgwwehe% fQr i APERG P Brattre BNt er pret ed

as i ncl ughngqadidey REGRwa! b 8F kiAo PRI RDonBR Rtk Mal et & as fal |
within the true spirit and. scope of the. present invention. WO

2009/ 006HB2ENS2008/ 067829
[Para 65} As may be appreciated from the foregoing, embodiments of the jnvention provide
methods and arrangements for control of wafer edge resolts by controlling sheath voltages on
HER around the wafer edge. By employing an integrated solution of tuning gas andfor
electrostatic clamping for thermal control with low RF HER voltage control {these approaches
may be employed singudarly or in any combination andfor sequence), the plasma processing of

14



CLAIMS What is clainmed is: 1. In a plasma processing chanber, a. nethod

for processing a substrate, said substrate being di sposed above a chuck and

surrounded by an edge ring, said edge ring being eIectricaIIy isolated from

sai d chuck rising: providing first RE power to sajd ch

provi di ng QW) n§ $2ng RE vol tage control arrangenent, ggpﬁwgﬂggz

vol tage control arrangenent being coupled. to said edge ring to prOV|de

second RE power to said edge ring, said second RE power being delivered, to

said edge ring has a frequency of about. 20 KHz to about 10 MHz, resulting
:in said edge ring having an_edge rlng potentlal atlng a

ener
pl asma WHEHKT 7feg 55 *ﬁ‘“&éﬁh‘“ﬁ%&% ebi e e @ﬁ«*lﬁféi@h‘r%@g&%we fﬁg rate,

sai d subgltRbRyRE LA RTRCERES b &}S%Id»&dgﬁdhh ﬂgthEm\LvQéﬁ?ﬁGzem@Om rol
arrangenent 1s configured to cause said edg e&i gggote 1. to be

subst ant FEFFY SR8 c"f‘%“'?‘i Bepratiey | By cgprolg gedp g4 ‘1 ¥rBPbtessi ng

sai d subglobdt Rcipedm il 18 JRLRALHS &ﬂwﬁeﬁ gkiilion %Si’»ﬁiiemxﬁﬁé sbveldgedged ng RE

vol tage control arrangement chides an RE filte and .an RF match
arr angené’?ﬁ‘m“s‘z?i“’dawl?ef‘q"E“%‘P" ‘r‘&‘ﬂ@*é“rr‘@ﬁ?“eﬁél"’t‘? p{t}? '5}?%‘8 g gf%@@h” g%;l d edge
ring andgameRa-pepRtesiadrce. 3. The nethod of claiml, wherein said RE
power source is an RE generator that is different from an RE generator

e erl oyedirRa ﬁﬁjOVI dehiRaiidinfdnush hdstbe RO ihb@ingaid oCheuekl prefdiredThe net hod of
r source is.an. al.Sso

claim1l ei n S

enpl oyedemg“‘é)‘ a‘@*@ “gl‘egif‘?‘g‘t PEREIRERE Y 1Y ’F& ﬁb}%%} ‘%ém‘?h%gcﬁ%etﬁod of
claim 2, tiﬂh&{&txbh.sﬂkdj itk | shinefryaiidabgerent plosidebintdigtor echvbgerat behuat e
unwant ed harnhonj ¢ . RE ener from hi ng sali 6. The
UMM RN R e s S R PN P

t ct maxknu@endREalpomniie delsiof aplethantisgibed nﬁd@&s Js}ﬁlﬂg}fuzﬁus&'m amnkmk of claim 1,
wherein t he fre%kje g}o\f sai d econd F%g p ! m; el n d%@ é/\c,er)(::-aqntl i}sal d edge
ring is AMFFEPeAt™ SPHERE PR JEmRESy BF SR P STy b

met hod Oflhiﬁikfﬂﬂxéfhxﬁmm&ﬁ@g Rvith adsplect {orid xnﬂlﬁﬁﬁxﬂ%ﬂi‘thhemn@s Gkﬂil:btﬁ‘@hﬁdset@ Sal d

chuck fre_u‘en of abou ttgi Liaherein said
Firet REBBUEREIHS 05 ferbaiees L Boshierons  rPalbSme e tdout 27
MHz . clains be interpreted as including all such alterations, permutations, and equivalents as falt

within the true spirit and scope of the present tnvention.



WD 2009/ 006062PCT/ US2008/ 067829 od of claim 7, wherein said first RF power
bei ng delivered aid chuck has a frequency of about 60 MHz, |LThe nethod of
claim1l1, wherein said edge ring is electrically decoupled fromsaid

ool | hi ¢ ARPO0E T S e hod of claim 1. wier el n sala L TRE | <

configured to include a plurality of segnents. 14. The nethod of claim 13.
wherein a segnent of said plurality of segnents of said edge ring is
configured to be electrically isolated from adjacent segnents of said
plurality of segnents of said edge iimgMsl5 The net hod of 14, wherein at

| east twg.segments.of said plurality of segnents of said edge ring are
confi gur é’ai‘g"'ﬁ*a%? Iﬁ'ndependent control of said second RE power delivered to
each of said iat plae@sprotaseinsdagreal smethod i gropdssin@l kdbytradd, éﬁ??ﬂi@ﬂiﬁ&b@ixfgﬁ. The
method of, claim | further, conprising: . .~ generating differential gas

1 ow acr §8€0a! fhggs e s lssthyiarerabe. el R dus i hmelebRg o L age
ring, safkdmdiifitiicenioighsigas flow is provided by a plurality of nozzles;

provi di ng el ec(twri%%g gtﬂ{j&cl\a‘r 0i ng, means to said edge ring to independently
control tenprid®of"Saiu e lye" 19 HG: " Hiid
providing sn edge ring RF voltage control arrangement, said edge ring RF voltage control

arrangement being coupled to said edge ring to provide second RF power to said edge ring, sawd
second RF power being delivered to said edpe ring has a frequeney of about 20 KHz o about 10
MHz, resulting in said edge ring having an edge ring potential; and

generating a plasma within said plasma processing chamber to process said subsirate, said
substrate being processed while said edge ring RF voltage control arrangement is configured to
caase said edge ring potential {o be substantially equal to a DU potential of said sebstrate while
processing said substrate,
2 The method of claim 1, wherein said edge ring RF voltage control srrangement inchades an
RF filter arrangement and an RF match arrangement, said RE filter avangement being digposed
between smd edge ring and an RF power sowrce,
3. The method of claim 1, wherein said R power source is an RF generator that is different
from an RF generator employed to provide said first RF power to said chuck.
4, The method of claim 1, wherein said RF power source is an RF generator that ix also
employed to provide said first RF power to said chuck.
b The method of claim 2, wherein said RF filter arrangement is configured to attenuate
unwanted harmonic RF energy from reaching sald R¥ power source,
6. The method of claim 2_ wherein said RF maich arrangement is configured to maximize RF
power delivery to sald edge ring.
7. The method of claim 1, wherein the frequency of said second RF power being delivered to
satd edge ring is different from the frequency of said first RF power.
& The method of claim 7, wherein said first RF power being delivered to said chuck has a
frequency of about 2 MHz,
Q. The method of clatm 7, wherein said first RF power being delivered to said chuck has a

frequency of about 27 MHz.



provi di ng external DC voltage control arrangenent to provide DC power to
said edge ring. 7.A plasma processing system having a plasma processing
chanber configured for processing a substrate, said substrate being

di sposed awd/:a)gg?og{%gck and surrounded by an edge ring, r‘f@t’gﬁé@%gﬁ%' nlg bei ng

el ectricall d fromsaid chuck, conprising: a f

provided to said chuck; and an edge ring RE voltage control
arrangenent, said edge ring RE voltage control arrangenent being coupled to
said edge ring to provide second RE power to said edge ring, said second RE
power bei ng delivered to said. edge ring has a frequency of about 20 KHz to

about 10 res | t,i in n tentral
said pl astm S ‘é’f*ﬁggé‘ﬁ%ﬁ* prejng qa‘%%ﬁ??gﬁf) \irt‘e"c‘)’gsigif"*i'B g%fa iﬁg]ad‘t *Brocess
sai d substeqteﬁ@ofsiamd(stsubtstrate bei ng processed. while said edge ring RF
vol t age pntr gment s configured .t | ng potenti al

dge
to be substan ﬁé’f(fh)? fm “huémlﬁt‘fdﬁ e ﬁ?r"a(ﬁ“ rf“lﬁv ?“dg%pgfﬁieff’%étae{ whil e
processi ngsisad.d subst rat e. WD 2009/ 006062PCT/ US2008/ 067829 | a. The pl asna

processi o Sy’&te?ne Od 0?@ mﬂ? fAZ\’*r{a rb‘“rgr%?%ﬁggﬁgq ?mxgﬁana 1 RE vol tage control

arrangerrent i'nclhu mat ch arrangenent,
said RE #3. te"t’hcarﬁtmtgeﬂmmr bétng sdilsposeg ehigeal sadhdedgirationg and an RE
power source. 19. The plasma processing systemof claim 17, wherein said
RE power *&olirce is an RE generator that is different froman RE generator
enpl oyedit.o ﬁ?imwnedred shilelnf 1 %r sharREa peavent ¢feais aluthlichefekgmenR@f sa{l’&re:iqe Iiag ma
Frhgfelszl gﬁ:gnfy R f é&ltz?i.a T'O\"\}}IM §1%?z 3(%{;“9 Sex mgg Fvit{fﬂttycgsagmﬁxts igegir .?.Lgr
pl asma psm‘:@@snmg system of claim 17, *herein the frequency of said second

RE power %3 el nﬁte%‘élthe}{ &F ?&g \%%?ﬂ? }Mﬁqg VO srngmglts g‘t ‘;d‘d ﬁstumh? ¢ (t):t su_mtfnts th' g’ufi Lgduency

of sard I'rst proce
*her ei n sag e Finfiger uREv mmdepbmengederb mt/emexdzmtsmi ¥§“amda Lcﬁnlmtnuh@saéi denxd of RE

frequencj e one of about 2 ;MHz, about 27 MHz, and
about 60“?\)[5-‘12111%&'51 m‘% Og{’d“ m ‘!m 0§&wﬁ‘§m‘§ar d substrate.|f claim 17, wher ei t

i d edge tf.ng The meMd oml:teupﬂ ashra cpppCEssi Ng systenv, wherein said edge ring
i's a monolit @e&er}tt&'gtdt ferential gas flow across a region, said region includes said substrate and said
edge ring, said differential gas flow s provided by a plurality of nozzles;
providing electrostatic clamping means to saxd edge ring to independently control
temperature of said edge ring; and
providing external DC voltage control arrangement to provide DC power to said edge ring.
17 A plasma processing svstem having a plasma processing chamber configured for
processing a substrate, said substrate being disposed above a chuck and surrcunded by an edge
ring, said edge ring being electrically isolated from said chuck, comprising:
a first RF power is provided to said chuck; and
an edpe ring RF voltage conrol arrangement, said edge ring RF voltage control
arrangement being coupled to said edge ring to provide second RF power to said edge ring, said
second RF power being delivered to said edge ring has a frequency of about 20 KHz 1o about 10
MHz, resulting in said edge ring having an edge ring potential, said plasma processing chamber is
configured to sirike plasma to process said substrate, said substrate being processed while said
edge ring RF voltage control arrangement is configared to cause said edge ring potentigl to be

substantially equal 1o a2 DC potential of said substrate while processing said substrate.



25. The Plasma processing systemof clan 7, woermsaid edge ring is
configured to include a plurality of segnents. 26. The plasma processit
systemof claim5, wherein a segnent of said plurality segnents of said
edge ring is configured to be electrically isolated from adj acent segnents
of said pl IXY%?OP?/?W%F segnents of said edge ring. 27. %’é‘”ﬁ%‘}%ﬂﬁ?zﬁr ocessi ng
system 0126, wherein at |least two segnents of said plurality of segnents of
said edge ring are configured to have independent control of said second RE
power delivered to each of said at |east two segnents of said plurality of
segnents. 28. The plasma processing systemof claim17 further conprising:

differentjal gas.flowis configured to flow across a region, said region
Mol udes "Sa dHaBSTT HPES RGPS Sags FIHgE R d TS T gl 1 ow 1S
provi dedadngéndk eRbtidstay ROTHIROZZN@Sient and an RE| LI DSh @bt GidRPERG neans is
configured to grgy.i d@saji .eq%,n{)rl@_i\ndle endent tenperature control of
sai d edgB FFHG™ SHEE YHOEFTATV B FTEA GRS UEAE FOIPORFT S8 ment is confi gured,
to provi de DCipoweha h@csahesie@d@ef claim 17, wherein said RF power source is an RF

generator that is different from an RF generator employed to provide said first RF power to said
chuck.
20, The plasma processing svstem of claim 17, whevein sgid RF power source is an RF
generator that is also emploved to provide said first RF power to said chock.
21, The plasma processing system of claim 17, whevein the frequency of said second RF
power being delivered to said edge ring is different from the frequency of said first RF power.
22.  The plasma processing system of claim 21, wherein said first RF power being delivered to
said chuck has a set of RF frequencies that incledes at least one of about 2 Mz, about 27 MHz,
and about 60 MHz.
23 The plasma processing svstem of clazm 17, wherein said edge ring 15 electrically decoupled
from said substrate.
24 The plasina processing system of claim 17, wherein said edge ning 1s a monolithic wnt.
25, 'the plasma processing system of claim 17, wherein said edge ring is configured to include
a phurality of segments.
26.  The plasma processing system of claim 235, wherein a segment of said plurality of
segments of said edge ring 15 configured to be electrically isolated from adjacent segments of said
plerality of segments of said edge ring.
27, The plasma processing system of 26, wherein at least two segments of said pluratity of
segiments of said edge ring are configured to have independent control of said second RF power
deliverad to each of said at least two sepments of said plurality of segments.
28, The plasma processing system of claim 17 further comprising:
differential gas flow s confipured to flow across a region, said region includes satd
substrate and said edge ring, sald differential gas flow is provided by a plurality of nozzles;
electrostatic clamping means s configured to provide said edge ring independent
temperature control of said edge ring; and

external DC voltage control arrangement is configured to provide DC power to said edpe
ring,



