METHOD AND APPARATUS FOR DC VOLTAGE CONTROL ON RE - POWERED ELECTRODE
BACKGROUND OF THE I NVENTION [Para |1 Advances in plasma processi ng have
facilitated growth in the sem conductor industry. The sem conductor
industry is a highly conpetitive market. The ability for a manufacturing,
conpany to be able to process substrate in different processing conditions
may gi ve the manufacturing conpany an edge over the conpetitor Thus,
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SUMMARY OF INVENTION

{Para 4] The invention relates, in an embodiment, to a method for processing a substrate in a
plasma processing chamber, The method includes supporting the substrate in the plasma
processing chamber configured with an upper electrode and a tower electrode. The method
also includes configuring at feast one radio frequency (RF} power source to ignite plasma
between the upper electrode and the lower electrode. The method further includes providing
a conductive coupling ring. The conductive coupling ring is coupled to the lower electrode to
provide a conductive path. The method ver also includes providing a plasma-tacing-
substrate-periphery {(PFSP) ring, the PFSP ring being disposed above the conductive coupling
ning. The method vet further includes coupling the PESP ring 1o at feast one of a direct
current (DC} ground through an RE filter, the DC ground through the RF filter and a variable
resistor, a positive DC power source through the RF filter, and a negative DC power source

through the RF filter to control plasma processing parameters.



[ Para 51 The above summary relates to only one of the many enbodi nents of
the invention disclosed herein and is not intended to limt the scope of
the invention, which is set .forth is the clains herein. These and ot her
features of the present invention will be described in nore detail belowin
the detail ed description of the invention and in conjunction with the
follow ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ Para 61 The present
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system ERara 81 Fie. 2 shows, in accordance with an embodi ment of the
present invention, a sinplified schematic of a capacitively-coupled plasm
processi ng system configured with conponents desi gned to enhance control
over the plasma processing system [Para 9.1 Fig. 3 shows, in accordance

w th an enbodi nent., a @ErApPADESPRESEON OF T BRSMIWGSY the neasured
potentials as a function of DC bias on a M' ring (e.g., hot edge ring).

[ Para 104phi0s] 4hShews: inkéntias Gandaned bwiih odbxaiple, Anheaby efayihe i nvention,
a graph representi ng data illustrating the on satyration current density
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w th an ephedi JEBN cRfnehidgnd RM@NEH.on, a graph representing data. show ng the
ion saturation current density as a function of DC bias on the substrate.

[Para 11]ipfi0r 6ieShawRys, inlc@GEMESRNE 8n Whibodiman oB MRkt Mvedfiod he 1 nvention,
a graph representing data of the nodel ed DC potential results ias ;a function
of the PPBRIHieAgehepatipatetipralyiorougled PR BERSEIIWeY BT Ceffitgred with

components designed to enbhance control over the plasma processing system.

{Para 8] Fig. 2 shows, in accordance with an embodiment of the present invention, &

simplified schematic of a capacitively-coupled plasma processing system configured with

components designed to enhance control over the plasma processing systen,

{Para 9} Fig 3 shows, in accordance with an embodiment, a graph representing data

showing the measured potentials as a function of DC bias on a PESP ring {e.g., hot edge

ring).

{Para 10] Fig. 4 shows, in accordance with an embodiment of the invention, a graph

representing data illustrating the ion saturation current density along the radius of the

substrate.
{Para 11] Fig 3 shows, in accordance with an embodiment of the invention, a graph

representing data showing the fon saturation current density as a function of DC bias on the
substrate.

[Para 12] Fig. 6 shows, in accordance with an embodiment of the invention, a graph
representing data of the modeled DC potential results as a function of the PFSP ring DC
potential for a 2 MHz baseline circuit.

{Para 13] Fig 7 shows, in accordance with an embodiment of the tnvention, a graph
representing data of the modeled DC potential results as a function of PFSP DC potential for

a 27 Mz baseline circust.



[Para 131 Fig. 7 shows, in accordance. with an enbodi nent of the invention,
a. graph representing data of the nodel ed DC potential results as a
function of PFSP DC. potential for a 27 Wz baseline circuit. [Para 14]
Fig. 8 shows, in an enbodi nent of the invention, a nultid4requency
capacitively coupl ed plasma processing system 800 configured with
conponent s desi gned to enhance control over the plasma processing system
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{Para 17] 1n accordance with embodiments of the invention, there are provided methods and
arrangements for configuring a plasma processing system to enhance control over plasma
processing parameters. Embodiments of the invention include employing a plasma-facing
substrate-periphery (PFSP) ring couple to a DC control module to enable more control over
the parameters. With more sophisticated controls, the process regine of the plasma
processing system may be expanded to allow for subsirate processing beyond traditional

processing parameters.



[Para 191 In an exanpl e, plasma-processing paraneters nmay be controll ed by
coupling PESP ring to ground. through Rh' filter, in another exanple,

pl asma- processi ng paraneters nay al so be controlled by coupling PFSP ring
to ground through RF filter and a variable resistor. In yet another

exanpl e, pl asma-processi ng paraneters may be controlled by coupling PFSP
ring to a. positive DC voltage source through RF filter, hi yet another
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without eliminating RF conductive coupling, additional rings, such as a DC conductive
coupling ring and a PFSP ring, may be emploved to provide the DC conductive path. In an
embodiment, the PESP ring may be any type of plasma-facing rings that may be on the

periphery of the substrate.

[Para 22| The features and advantages of the invention may be better understood with
reference {0 the figures and discussions that follow,

{Para 23] Fig. 1 shows, in accordance with an embodiment of the present invention, a
simplified schematic of a capacitively-coupled plasma processing system 100 configured

with components designed to enbance control aver the plasma processing system. Plasma



[ Para 261 Pl asma processing system 100 may al so include a radi o frequency
(RE) generator 112 to supply RE bias power to electrostatic chuck 108

t hrough | ower body 110. Usually, RE power 112 may interact with a gas (not
shown to sinplify schematic) to ignite plasm. 102 between upper el ectrode
104 and el ectrostatic chuck 108, Plasma 102 nay etch and/ or deposit
materials onto substrate 106 to create electronic devices. [Para 271
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enpl oyed jpo-apip il dera P e @Gl sOﬂmﬁQOO e be ndemlepidatincmperents uppeich as
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ring 116. I n contrast prior art, coupllng ring 114 nmay be constructed
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116 by cd{ib‘l’?*ﬁ"@a“f’b%?“%&f“ € 6’%‘“‘&“&‘@&?"?‘1" 1't ‘?‘“f?s to switch 130 of DC

control duI \1/l t o _connect 188: ter is generally
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PESP ring 116 may include, but are not Himited to, a hot edge ring. PFSP ring 116 may be
employed to provide protection for the underlying components, such as coupling sing 114,
from being damage by the ions of plasma 102. PESP ring 116 may also be utilized to focus
the ions of the plasma at the edge of a substrate to maintain process uniformity during plasma

processing in a capacitively coupled plasma processing system.

{Para 28] In the prior art, the coupling ring may be constructed of an RF conductive
material, such as quariz, to enable RF coupling between electrostatic chuck 108 and PESP
ring 116, In contrast to prior art, coupling ring 114 may be constructed of a DC conductive
material, sach as aluminam, to provide DC coupling between and PFSP ring 116 and lower
body 110, In an example, coupling ring 114 may provide a conductive path that may enable

a current {o traverse from upper electrode 104, through plasma 102, through PFSP ring 110,



[Para 321 Switch 130 is generally enployed to sel ect between various DC
external power sources. In an exanple, when switch 130 is opened, a current
path does not exist to an external DC control nodule_Therefore., the
substrate DC bias voltage (Vik) as aforenentioned will tend to he negative
inrelation to the plasm due to the asymmetric plates. However, when
switch 130 is closed and the circuit is grounded, the substrate DC bias
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over the ent 111 5’ f(‘) o%lff(, c%}x?x onEm(g]J]ee 1GHUB %Iﬁx(n%&t]%%li)r(‘ 95&191” 3b ORI Pl process

uni formty rofil ar a’ In yet another enbod nem
DC cont r@zlendmdusln@tdxaﬁ tqmys\ tbedtemptlﬁoyeﬁum@mmﬁ hﬂtmoftlhEF cogrgentthetir ough PHI ?

ring 1.16 b%’tmfga ng g f[)et;)(mﬁ%ou%e18‘*8\‘«%%9}1%1 jszsziﬁf oy ?"EZ@WHR o\éﬁ&h@@lt ee

resistor "I osi Ny SW t ch 130

current fit esiphgmt kirschughe etnbem;clbmm;mthcpamchmgmymtm i évg@(hp\a@i b@ﬂﬂ@d’i&d@f ng the
val ue of ble resistor -131 to affect the voltage potentials at the
subst r at & ‘éihh' Iasrra Thus, nean ion energy and plasna density val ues

bet ween f| oatj.ng.a aund Ty al so , [ Para
371 Consil gé"r‘ ‘Jflﬂ \é"frt hgro o) n@él’wf“‘?ﬂgv} \ggw)ef“%h ””‘%%sr?‘ \(S&?%'ﬂgggsed and
i's in conb@ets iMhi &aposd, hwessBehvob txag;en&au a&wﬂﬁﬁﬂpcﬂﬁ'&@x @utm\e;nto amay be driven
IF’.)Q;O;J ?CEFQ@E\;U}F a@énltgIn&%{ulcf?)glﬂexlewg%ﬁzemg %q¥<,\éﬁf VO iﬁ,fg( ,ﬂf It | ]E g; é?gs b)[/)Ca
vol tage 13G.B¥icR& & iachl @saBepat-entrelion Byhd {ﬂ@hﬁaﬁsb ngmba«a&mm}m/ol t age 136,

t he vol ta)ie potentials of the substrate and the p ‘E@a [ ncrg)gs t he
pl asma dewses yHpmgyer ndeeagch B tmsd sed “kﬁﬁi*‘éhé‘l”(jﬂ} ¢ 855¢ beyond

the gr Ou%@aﬁ&ﬁiﬁ & go from negative to zero,
{Para 33] Upon closing switch 130 to drive the voltage on PFSP ring 116 toward ground,
the plasma voltage potential (V) and substrate DC bias (Vo) may change. While not
wishing to be bound by theory, the inventors believe that mean ion energy to the substrate
{Fmean) may be correlated 1o Vi and V., by Equation 1;

Fonesn = Vo= Vo Eguation 1

{Para 34] Generally, the mean ion energy 1o a substrate in a capacitively coupled plasma
processing system may be determined by the potential difference established in a plasma-
processing chamber. {n an example, the mean ion energy to substrate 106 tends to change,
depending on the specific changes in values of Vyrand Vg, upon closing the cirenit with a

path to DC ground.

&



Para 38] Consider the situation wherein, tor exanple, switch 130 is closed
and is in contact with negative DC voltage bias 134. The current may be
driven through PEST' ring 116 by coupling | ower body 110 with RE filter 128
by a negative DC voltage bias 134, in an enbodinent. The limt to the
negative DC voltage bias val ue nmay be based on the substrate DC bias. By
controlling the negative DC voltage bias 134, the voltage potentials of the
subst r at gPands] Herpbrasna tgyaste desas endBib inadise whgn t\kmhpll sasmoq@%ﬁm ial,

the capa nalntalnln nfined plasmg., na X rove

addi ¢ on Db reanpbn g ehethEgE 08 TR TBRY Ae W AS <R DB Hensi ty
may decr eagie wand:1EheinnBanyd RieQRER Yo TR ill@t@ﬁ@&s&ipkﬁx@ah@eiﬁ%iot@aﬁ;@’H@V\ﬂ in
Fig, |, enhanced control of the plasma proce55|n araneters may be

achi eved BYCHERPBUREEISEN PHEVDENSENY 611 FHgE 8¢ Sufisitepgabse beyondthe
CapaCltlK§$Ma&QH&Je@x@kﬁﬁmﬁpQ&Q&@éﬁh@Qw§%§@@ﬁlMhﬁ&;@ﬁ%ﬂﬂ@&%k%ﬁ&cp|ates are
now abl e to perform nore sophlstlcated substrate processing that may be
out si de GRbPHE. £ gaaetal driafesyridls fr Uy BrescicRgyrie ginmen SUbHanEHYiceissM! t he cost
of ouner shiAnd Bl ey MBOUTACLILLAGnCRIP AN ERRY B8 Hliloubly H6A Sl he

i npl enentation of the enbodinents is relatively sinple and i nexpensi ve_

[ Par a 40EtFipgeiiles. shows, in accordance with an embodi ment of the present

invention, a sinplified schematic of' a capacitively-coupled plasm
processi ri{jdfslﬁéi dimyaoooBortithgdradt. W ernsehipohiént & meshgmudoed tedrharite
control Quer, L& R'i@s;%nl?rz‘?&% (k(nsngm?% ng‘%umgi hlli:ézgi’,b %\%h%?é)@. the
i mpl ement ation of | asnma™ proceSS|ng system'l addi ti onal

el ement s reseptariel fd ghnwofo aClegraved 135 0Upfn dRisgng shitclf PHY, @lwliaiﬁlf@sm processi ng
system 20 Lor ul 3 yut . of quartz.
B sposed oAt DR HERI P R SMA SR B R P LA TG WhuSr 326

t hat may a%fad:ts}& voide: rmimm@}ﬁ aqhambztrazé:mumlexdmt G htshendootdnameigneed plona cover
220 is a orto tt.om gra extension 222 is
Lypi cal | 9*“%%‘1‘68‘["”8?“’”%ﬂ%"‘rﬁﬁnﬁ SHETT gD bﬁﬁé%l“wtﬁﬁsbogiécdm“%(gve bot t om
ground e t,

quarts. TBEARRZ i B MR G R B E8 RE ssPkeosi ng
systen12@@mah&a»¢n€hmda&ta%phmrahdhyuaﬂm@pmi&ﬂeﬂﬂﬁ&ﬁmwmgsr@@Z@ﬁb\22613

226C, and 2 The con fi.ne S 226A - nct n to confine

ol asim PR M R Han B Rtk HgP B ashstys BESSes g Barathas Pl asma

processi REGHLEYSLAM' l%@@nfﬂi&)él @hspChenglel b6 fzom: eﬁtw)dhmatesweswmdmbn Fig.

1. By conflgfrlng pl asma p roceSS|€g system 200 with a conductlvenfath to DC
h

control Cevolingie! VafigaPiisgepipn *u‘ﬁl‘E‘d“}?P%‘rrﬁ“’r}Pbﬁlé§@l By QYStEnits now

abl e to pekheuMsIPHEy SRRALShhLAL 8o sHRShER! §1aPHOGESS OGN NRlrARY she out si de
of the traditional plasma processing regine. [Para 441 As discussed above

nean i onenarngy (tL@‘alécrshkb@ﬁlﬁﬁJﬂeMkﬂriﬁ teaRamble Match 1s0uR)i@ds Rl@s BcdRrecessi ng
system may be determ ned a[j?}otentlals established in a plasma. -

processi ngihdkgrtePC Fhige ﬁp‘@t‘%hﬁ g gt i’ﬂméPué’é"bﬂﬁh’@l‘%‘r?gﬂ’dtm«l ilfitted to,
plasma poLemhl: &lwer Ebd%ai '(ﬂ@tﬁ@é ﬁﬁ'&'iak m RELQLe POLE ‘%Leailaa 4%‘%‘:red or

external ly bi ased el ectrod i shows, in accor dance wth an
enmbodi rremnbmhmgmaﬁﬁe o0 tp é}@r}v@s@m M“g\ qﬂfasfabzgﬁw*a\}\wcng&tw*dmia@uh@wbpto*c?@nt| al s

as a f“”gkiﬁ%.@%» BQ{:P{'};Q&E’Be@uR?%? \rdétQQe i(lgagw LhQQBlng% zeﬁzﬁzﬂ%f p1 9. 30

di scussed 1 n relation cifrtate-under st an I ng.
substrate and the plasma may duuaxc By reducing the plasma potential, the capability of

maintaining confined plasma may be improved. n addition, by controlling the negative DC

voltage bigas 134, plasma density may decrease and the mean ion energy may inerease,

fPara 39] As shown in Fig. 1, enhanced control of the plasma processing parameters may be
achieved by mampdating the DC control modale. Therefore, capacitively-coupled plasma
processing system with asymmetrical plates are now able to perform more sophisticated

sabstrate processing that may be outside of the traditional plasma processing regime. In



[ Para 451 The vertical axis shows neasured potentials in voltage (V) and
the horizontal axis shows different DC bias voltage (V) settings on die
PFSP ring. Along the horizontal axis, four different conditions (302, 304,
306, and 308) for the DC bias on the PFSP ring are shown. [Para 46] Mapped
on graph 300 are three plots lines (310, 312, and 314). Plot line 310 shows
an exanple of the substrate DC bias, V,L. Plot line 312 shows an exanpl e of
t he pl asmadiped e dodl of oMPksshi |‘i@ihe|niaﬂ@ta&ilsﬂn§h@r\{y5m&§l R 8Bk @mofed ke mean ion
energy at the substrate En Para 4'71 gb der the situation wherein,
for exarrbt“@’ﬁmélih‘a’“’t‘?fé‘éfué’ﬁbidésmm“ FOWRELY SEUCR AHE DO ERYYD7 Mz, may be

applied b ener 112. During sin witch 130 is opened. On
gr aph 3od¥*en@? n@ét%h*arﬂtcrrtﬁ‘ﬁ%f“lgwwﬁr’?@m?gf *g‘h%ﬁ’r"a‘s‘“&?ﬁt}r %ion Iine
302. V\hertnsfm teet@u%%gutaepaﬁme x,substca?tamtgﬁwaymha&an annegating DC bi as
vol tage (Vac), as sh omnﬁ%y line 310. I'n addition, the voltage

pot ent i al™ {ndompoRtysieagne [ED crrayﬂ EOHIGREE PR PIRRSSEEBET Rt BOP&®i as

vol tage (KO» sASw §JBQYW;;§Q¥€§{?MQ¥:1 JrhREm3 dRcedME st fent iy @*S{chxﬁydtﬁftmbﬂe
capacitively coupl | asna. grocessrng system the plasnma voltage
potentraKk@WﬂwyOtemﬁéﬁﬁ@ e IAY ghée. than substrate DC bias voltage (V& as
illustrate by plot lines 312 and 310, respectively, at condition |ine 302.

[ Para 48.IRanahdh Ruhrohocestg sssten g8 enay fsiudexdepbe insplGP2i§ hgicaemixsc omes
grounded 4 iRl § dshed ¥ ductive
coupl ing r| nmﬁ%iﬁ%iq‘qﬁg# &?m?%f}ﬁ%n iy l&b} eng;g%gg& ID% 108(2)%%% o ﬁge 160. On
gr aph 30(amtahe neprde i gomth. tGan! cdto PFSPWFIB mguimsamy”’be«shovw guebndi ti on
l'ino 304. e,-Su sHB 1
conductr&eé%u§r3“tQ%E%ﬁﬁgnégﬁn@%g?gg%e 9§§§R(QM%4b§&aﬂbﬁR&n%g§ﬁa vol t age
pot ent i aluu(tMpr)d rfmypqsmtme»asleotmnemom fe»tnnmentﬁbatah,orsrmg@nedmed ttpacaground. I n
an exarrplﬁ{ " {H tsub trate DC bias (V,k) may increase froma negative
potenti al™t'6“4." b‘B‘f htial of about zero As can be seen, plot line 310 has
;gg\gﬂt ?gli %”zghgﬁ Ou% ;e#;gencgf%%%%r?%h C(}% 31%11 i3 ?’%%él ncsr\?t%%e’og aﬁo m%iuiagsgat lve

I ncr ease ashboweite bf cdnfieerhag Hagas@26.8, 2168, mcsmecm@m)nrrm tthén@tmmgecrsr n the

plasma vq ential is. |less than.t

Dol tage. 2bhs 4@?}Agmartarsrrrsmﬁaﬁeam*wh Sracihabi GHER RO Rhhot ¢ vel y
coupl ed I ocessi n ystem be det er.m.ned the pote

i 1 Fer endRoQorh PSRt 51 G8 GULIHE GRS o iR e E Btk svi t ch
130 is opeped,VemiibendsplisthaiRodegat dyviem Fowemercone e Sath foabC E30rct s ¢l osed
and the crrcuré is groanded he substrate DC hias tends to go from

negat i ve UL PP HEEY CRMIF IR FEEIE T B HIAERES VY fHGE BOCERMIN is | ess
t han thesbrrrrsru%%&elmtz@ataubeutzatvermmatabaaw@t bageradifh@alRadind @bceher gy Ern”a”
at the substrate tends to decrease. As can be seen, plot line 3.14 has
shown a d¥Pease in the mean ion energy at substrate 106. [ Pant 50] The
vol tage potential values of the substrate and/or plasm, as shown by pl ot
lines 310Faind4B 1 discuspdelavoareriay T sE ARy ewaglivelneuptsdned) . | n.
an enbodi,ngit :o\é@srdnab{ s@wrz est $t Abiedd dedBYin DRl ARSD: 8E QRYi NEagRADduUCT i Ve
current path Fo confrol the resistant value, thereby controlling the

vol t age porcenticahaming. dhe paferitials iy netedin biGHe Raidirgipd &, pliemspystieht e, as
shown by npl@t, JokRea3ds P pBCerEPRLERL %ds Phawdd 1D AReXAAP! €,
conditi onﬂ%lL OL g% %%mgg%}ﬂt% po‘g;&t?ve 0" VO 1[5 ts arttig os rti vg 200 volts,
respecti vedoydangr wmtbﬁaismiunut@l:aml‘rh g tm&»eﬁtht;octﬂtd ﬁ}nen@mu showsda sl i ght

i ncrease | i 0 drtro n 4 Ld i ne
306, whe F mnf%hl fﬂ{l&oﬁggBP ﬁisgjnl%épﬁ TQ] out I‘R(f]((.()i %f%‘g gi“ I‘?n‘ggg bSQ%ay start
to plat eaejatamttowg h afidi® tchfacilifancmgasending. DC bi as voltage as it approaches
condition line 308, where DC bias is about 200 V. The upper limt for the
bi as DC ybihtaldp Ton vRESE alikShomymeutchgophiasnm vobig@rl'd ald the horizontal axis

shows ditferent DC bias voltage (V) settings on the PFSP ting. Along the borizontal axis,
fowr different conditions (302, 304, 306, and 308} for the DC bias on the PFSP ring are

shown.



[ Para 52] Anal ogously, plot Iine 312 shows a slight increase in plasna
potential and continues to plateau in plasma potential value at condition

| ines 306 and 308, respectively. Correspondingly, the mean ion energy at
the substrate, as shown by plot line 314 of Fig. 3, shows a m ninmal
decrease in value and continues to plateau off. | Para 53] As can be seen
fromFig. 3, graph 300 shows that the inplenentation of a DC control nodule
may enhanegyr Coptviaipedve braphBanet anse ;ﬂfusﬂiha {pr(ocemamgléenvim omnElt , such as

the DC bias of the suhstra tential, and t an ion

energy atlORESUBYPEAL 2““ iy {zﬁl’a‘ﬁ lg'iaﬁb Hb”nt #&F ‘f‘ﬁ Y e VBWége to the
PFSP ri nglasw@lpb@ntigey {DOMQfﬁﬁdeaﬂiSsﬁﬁuiﬂ%\&ﬂﬂ%bf&%%xe@ﬂd{nwle bierpt asma may be
i npacted. Al so, the nmean ion energy at the substrate may be controll ed by
tine- tunlsﬁb“‘f‘ﬁe&pe*t entials between floating and gr ound t hrough configuring

a variable resistor in the current path. ‘Bg ermore, § DC ef f ect may
cont i nue Hamd 4y~ ‘t‘)‘F’lélf‘"e‘H'u”’B‘F‘fmfh‘éh‘ﬁb@l for e it &g ‘éf’c‘F"ER POVET 15" &bpr oaches

the 1im tyd by &z, a@%@a Rk 8P tRiFalenehBal . ﬂﬂuiln« uﬁe\q&usmwﬁmn@@&@rdance
with an enbodi nent of e invention, a grap {)resentl ng._dat a

i |1 ustratqmgerh HE. ‘i’Gme§ét‘~ﬁf’da*ﬂ<?*’oﬁ seuiel B "éfé’r‘i‘éllft“y"’ TERGICHE r WdtPtus of t he

substrat &witd h@ ME 'Z)I%n%@lmﬁ\)?mﬁ ﬁ)@%{\ﬁ Hafdy §e~,aﬁ‘\rualt){ @)pls Q&Meﬁf@m ﬂ@&%w by J
measured m 1| npere per square céenti neteéer nR) ori zontal axis

shows di svétar!me’ t Imamhttweﬁier*«%tmwrnotﬁrnu@lrﬁ\whef( ld@wmaelr(?”éfasebcéu&b@ttﬁatfée Al ong
the hori zonkal. 1945 vaiflEe Reﬁ & shggggbﬁ%ﬁgpéwﬁt{ﬁze iéb\éﬁ%ﬁn&h i us 1S

about zero. in an exarrpl“e I amet er strate e edge of the
substrat eap‘extwlaie reeupltvbplnsoh precdsgnahotm, 1‘5@) A9 \FW@O@&}Q & apnd4agbaray

i ncl ulde %«9}@1 iyt bu%\tddqu D%qqgls xQﬂaoe I\O{)ﬁe Ol%a \éﬁ}l\{%smﬁ %)éat ,l € OT an I on

Dux, acros 1T e swtchis
opened ( |re-eeqmaky qtcumiemthdeaitﬁh to the DC cont rol nodule). Plot |line 404
shows an exanple of an ion flux across the substrate in which the switchis
cl osed afBaa 48) ercﬂt 'wpah R3¢ & didsed, D@ @mnpindl’i:%digl iééexdoetes gmﬁxh@dr\ﬁhﬁGl
Consi der the s
pl asma pr“o&e(g‘s“i ‘g‘“l“‘,&gf Iéwe mﬂ?ish%ﬁ m‘f‘énﬁﬁ‘ﬁé ehs ‘i(’fiyim n(%‘ssgt‘j’}ln Id’é""lfj‘ost rate may
i ncr ease budi 1 0rwleyicant DS ohe n&td?b&t mat @n@&xpﬁh@%hzbgn omhb;toniimmest @2 and 404.
As af orenentioned, the increase ? ncrea {#1 E Iasma.
donol Ly THEr d38RAYE TR Py Sor e o ns ettt LM oot e cellbet r i e
edge. along the conductive current path, the substrate DC bias { Vo) and the plasma voltage

potential {Vy) may increase when DC current path is connected to ground. In an example,

the substrate DC bias (V4 ) may increase from a negative potential to a potential of about

zero, As can be seen, plot line 310 has shown an merease as the subsirate DC bias (Vo)

increase from a negative potential to about zero, Sumilarty, plot ine 312 hayg also shown an

1nerease however, the increase is not as steep since the change in the plasma veltage potential

is less than that of the substrate DC bias voltage.

{Para 491 As aforementioned, the mean ion energy i a capacitively coupled plasma
processing system may be determined by the potential difference established in a processing
chamber. In an example, when switch 130 is opened, V. tends 1o be negative. However,
when switch 13015 closed and the cireuit 1s grounded, the substrate DC bias tends to go from
negative to zero. Since the increased to plasma voltage potential 1s fess than the mcereased to
substrate DC bias voltage, the mean ion energy Enea at the substrate tends to decrease. As

can be seen, plot line 314 has shown a decrease in the mean ton energy at substrate 106,



[ Para 571 Fig. 5 shows, in accordance with an enbodi nent of the invention,
a graph 500 representing data show ng the ion saturation current density as
a function of DC bias on the substrate. The vertical axis shows ion
saturation current density, Jsm neasured mlli-anpere per square
centinmeter (mAlcnR). The horizontal axis shows substrate DC bias measured
in voltage (1V). [Para 58] In an enbodinent) a plot |line 502 shows plasma
density iippem$ %}@%@ﬂe%OﬁUﬁzﬂ&ﬁmteﬂﬁﬁilﬂ; $uBstEe Gank prbmaedtoengegso finem
floating to ground The pl as ensity val ue between fl oati.ng Pund may
be controll® ﬂﬂ%ﬁha“v%+P§%1é“?E%W§WBWd%6Hﬁrddﬁéﬂmﬂﬁ “h@‘ﬁ%??@ﬁ?‘bﬁg%‘of t he
DC gr Ounqle§14t& 13€eial b0 Riack] Bnd thd€onaledive bt Egﬂﬁta%nﬁt@ttﬂé abik@m Gkl ent

i ncreases with an increasing p05|t|ve voItage DC bi as, ., +120 Vv, +200V
and +250 ther %matﬁén@m seltagg paiguisl| s p sl dhopeandpreneiy g@ﬁabsﬁét»eﬁt i al
limt. [Pﬁ&%}%t}ohﬂmﬁﬁﬂﬂﬁﬂhwd%éx%§@ﬁﬁth tends to devel op at the ground

el ectrode as potential 'is i ncreased above floating potential. As the

renn is ggﬂlaaﬂfanEEQtﬂﬂe fcerﬁ’t‘idzﬂQwP%@ﬁ%U@& d&ﬁf}%@ﬁl\te@"(; h@is@% shkdal assuned
by a surface wthin an asymmetrically capacitively coup g‘ﬁasrra

processi A0 syisy mpachadly.ios Diduiaseopt B aingy 1pi Blot e df‘emmed‘ igFHeUBsegence of
a DC Sheaalthﬁi%msbztaeti IQQO (Hp&tlgri%t?%ﬂt@agﬁmtm h%[% &HGL gt $19§ @3@@5%@5

el ectrons ener e I C secondary el ectrons ten to cause an
i ncrease lilfis baxscrﬂﬁoderwmt yudu@mtm stagskaplivpal qut it Bsresot 8 nbifsor

i oni zat | qg“ by thﬁ,‘%ﬁéh& ufﬂ%ﬁtog)%g%%% T:&Hﬁm R} B30R 0GRSHE ¥ AGL g LiRg

substrate I'i'ng br as tothes trate. [Para
60] Fig. rﬁrtshm\as{)(‘nnit@mmrfﬁfaﬁdééwiats-'Ihe&m 1mm¢pmmtl. of the invention, a
graph00 representing data of the nodeled DC potential results as a function
of the PEEHarﬂ"ﬂtg\rD(&apmﬁ\emtdtahe t%b?rnaxxﬂa Night beseld inglasiha gazti:tttiai ftilara 61] The
vertical axis he hor,i zont al

axis sh O\k’lgnta UP§ lé) X%I‘mlﬁtpm%%%bﬁ‘td )luc( \/ytmdrsf({nc?més Q% aﬂz& Rae Ib(Fg‘F}m dhg Thr ee
pl ot | i n€Sn@ddndi6d2, thandabibd mrgv Sthmvmma&t@xamo\kxeﬁw pRivgihe B iang F&d0, shows an
exanpl e % t he substrate DC 1 g ﬂe 612 shows an exanpl e of
the pl asfa®bot BRETEdegrge bl t‘“}*’i‘ﬁ@‘“@’i‘&s fé’H’ ‘Ut%“‘é’ exanmpl e cif the nmean ion
energy at the ubstr | t al yti cal
resul t frbMALS ‘@f’? ‘ﬁ%?&g’l"mwd{ é{aipﬁ %l foaet s aég’h ‘?‘Blle“}(?‘ft“‘t?%\qﬁa?ﬂgn energy at

t he substbat® nbs)dttlla%d@czta%tcb ad»nt;fonxe? ;}Mﬂﬁn@?ﬁcﬁf ti@kﬂr&ﬂaﬁt&&ﬂﬁ&ﬂ@a}énf s@Mmak| oati ng
to ground and up about 0O V. Above the |limt, the m)de{] {)edl cts a

| evel i ng ﬂé?’?%é‘t“@g ‘Wﬁ‘é‘"‘ﬁé‘én‘h? pshetigyial- bl PYRE OB RPEY HOPENPIET® af f ecti ng

nean i on iR RSEGYpIRYy BEUBITC tHB P LASIRE POk &Nk bilge phditesmmy Qosihe nmodel
predicts substrate DC bias, i.e., plot line 610, and plasma potenti al,

i e., pl@rdpftie pBYRa mpBsEIBRCIe 2 dkOVIDE et hion PESEY BEMUPERLS BEY Bver the ful |

range.  They ey REEInGld 2050 @R HerRUh iSadnd afk Grous YAIER cAHiRutiR o
substantial agreenent with neasured results in Fig.
variable resistor in the LL!ITEBHi path. Furthermore, the DC effect may contmm, and may

plateau off as positive DC bias at PFSP ring approaches the limit, i.e., plasma potential.

[Para $4] Fig. 4 shows, in accordance with an ombodiment of the invention, a graph 400
representing data illustraiing the fon satusation current density along the radius of the
substrate. The vertical axis shows ioa saturation current density, Jur, measured milliampere
per square centimeter {n*t,:'»\fcmg), The horizontal axis shows distance 1 millimeter (mm)
from the center of a substrate. Along the horizontal axis, the center of the substrate is where
the radios is about zero. In an example, for a 300 mm diameter substrate, the edge of the

substrate 1s where the radius is about 150 .

{Para 35] Graph 400 may include plot lines 402 and 404, Plot hine 402 shows an example of

an ion fluy, e plasma density, across the substrate in which the switch is opened (1.e ., no

10



want 631 -My. 7 shows, in accordance with an enbodi nent of the invention, a
graph 700 representing data of the nodeled DC potential results as a
function of PESP DC potential for a 27 MHz. baseline circuit. Il"arit 641
The vertical axis shows nodel ed DC potential in voltage (V). The horizontal
axis of shows different DC bias voltage (V) settings on the PESP ring.
Three plots lines (710, 712, and 714) are shown on graph 700. Plot lino 710
shows an cexairph@ tofhetiiecsubsbhodle POt bhagid sWals qn erampieldt meiofIRxshows an

exa Iethe Iarra tial ne 714 s t he nean
o)r(r gﬁer g&“a”tl *t*WZ“ ’§Cl‘g o ‘E‘t Ie"“‘“ Ib“a‘ri‘é“gﬁml ‘PT‘BE“‘U?%%“’?T DgﬁB%(quéel)‘it"“ 31 result
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[Para 701 While this invention has been described in terns of several
preferred enbodi nents, there are alterations, pernutations, and

equi val ents, which kill within the scope of this invention. Al so, the
title, summary, and abstract are provided herein for conveni ence and
sltould not be used to cotstrue the scope of the clains herein. it should
al so be noted that there are many alternative ways of inplenenting the

met hods ang appar @ous es cainlde (e gsentpotaugnt dhot IRkthotigtvswarkouse exanpl es
are provided herein, it tend that these exanples be illustrative and
not Iii ni% fRgPSA i “t“é’§béb'?“’ £ I’Pﬁé i"firention. It is therel'ore intended that

the foll ow ng de ai ns_be rete
al terati gh¥a$ ﬁiqﬁﬁqﬁf?b‘hgmwéﬁ’d‘ﬂ%‘&ﬁ% ’\‘/ﬁ?téﬁ(f“éaéé‘“”l“ ’ “I’A‘“\?\ﬁmﬁ‘“h“‘ ‘H‘““‘["(}Pﬂgl spirit
and scopey@feart h}ﬂ eﬁéf&ﬁ@tﬂﬁe ubvies hoDC po@ht@d J 6 2 MiHzleRciatipit &&;’tﬂn@ﬂﬁﬁﬁSSI ng

chamber, a nethod for roce55|n bstra e.c ri ortin
sai d subdlorsseoi Ff“’é‘élﬂ%F ol ‘é?sf’ﬁ‘é‘“[ﬁ% Ny he a%gnp ﬁlff?’g‘h?%a Wlﬂ‘}? gg uppe?

el ect r odepafd thel QWB &L T PHEHmE Q»ﬂﬂjiggblﬁérﬂgi AleclQastanQbeedeadi Maftieequency
(RF) power source to ignite plasma between said up Per el ectr ode qnd sai d
| ower el el Foiieplasma potential. Furthermore, the model predicts subsirate DC bias, t.e., plotline

610, and plasma potential, i.¢., plot line 612, results track with the PFSP DC potential over

the full range. The model predictions show results in Fig, © which are in substantial

agreement with measured resulis in Fig. 3.

&3

{Para 63] Fig 7 shows, in accordance with an embodiment of the invention, a graph 700
represeming data of the modeled DC potential results as a function of PFSP DC potential for

a 27 MMz baseline circuit.

[Para 64] The vertical axis shows modeled DC potential in voltage (V). The horizontal axis
of shows different DC bias voltage (V) settings on the PFSP ring. Three plots lings (710,
712, and 714) are shown on graph 700, Plot line 710 shows an example of the substrate DC
bias, Vo Plot line 712 shows an example the plasma potential Ve Plot line 714 shows an

example of the mean ion energy at the substrate, Emean

{Para 65] Plotline 714 shows analytical result from a circuit model predicting no direct
control of mean ion energy at the subsirate by DC potential for 27 Mz excitation frequency
over the full range. However, the model predicts substrate DC bias, 1.e., plot line 710, and
plasma potential, i.¢., plot line 712, results track with the PESP DC potential over the full

range.

Para 66] In an embodiment, the circuit model prediction shows the substrate DC bias and
the plasma potential results track with PRSP DC potential over the full range tor both low RF
frequency and bigh RF frequency. However, the decrease in mean ion energy at the substrate
as a function of PFSP DC potential is mainly due to the contribution from the low frequency
excilation, e.2., 2 MHz  Thus, the measured results showing control of mean jon energy from
Fig. 3 with dual frequencies RF power, Le., 2 and 27 MHz, are mainly due to the low

frequency (e.g., 2 MHz) contribution.

{Para 67] 1n addition to the aforementioned methods and arrangements as discussed in Figs.

1. 2A and 2B, other embodiments may be provided in which a PFSP ring, not limited to g hot



provi ding a conductive coupling ring, said conductive coupling ring is
coupled to said | ower electrode to provide a conductive path; providing a
pl asma- f aci ng- subst rat e- peri phery (PFSP) ring, said PFSP ring being

di sposed above said conductive coupling ring; and coupling said PFSP ring
to at |l east one of a direct current (DC) ground through an RF filter, said
DC ground through said RF filter and a variable resistor, a positive DC
power SOuBQﬁhthﬁ@ughaﬁﬁbdxﬁﬁckwbheﬁfpamdoamhegakiMeuﬂﬁkpQMeﬂ(Smnwde t hr ough

said RF filt
claim i1, 1#H§ﬁ;f%?§gﬁgirg§@¢g%ﬁga ro%ﬁ;@{§%§‘qn?ﬁgihﬂﬂukvzang?dne thod of

coupled plasma processing system 800 configured with components designed to enhance
control over the plasma processing system. Plasma processing system 800 may be
configured to include a grounded upper electrode 804, a substrate 806, an electrostatic chuck
808, a fower body 810, an RF power sowrce 812, a quartz coupling ring 814, a hot edge ring
816, a cover ring 820, bottom insulator 818, a bottom ground extension 822, a cover ring 324,
a plurality of confinement rings (826A, 8268, 826C, and 82613), an RF filter 828, a DC
control module 860, a switch 830, a variable resistor 831, an external DC ground 832, an

external negative DC bias 834, and an external positive DC bias 836

{Para 68] Consider the situation wherein, for example, a manufactarer wants to enhance
control of plasma processing parameters (such as voltage potentials, plasma density, and the
likes) without eliminating elements from the prior art capacitively coupled plasma processing
system, such as hot edge ring 816 and a quartz coupling ring 814 In an embodiment, a DC
conductive coupling ring 842 and a PFSP ring 844 are added to provide a DC conductive
path.  In an example, coupling ring 842 may provide a conductive path that may enable a
current to traverse from upper electrode 804, through plasma 802, through PESP ring 844,
through lower body 819, through RF filter 828 to DC control module 860, DC conductive
coupling ring 842 may be made out of aluminum and PESP ring 844 may be made out of
silicon. Thus, the addition of condustive coupling ring 842 and PESP ring 844 may provide
manufacturers an alternative implementation to controf jon energy and/or plasma density by
using external DC power without sacrificing process uniformity near the edge of the

subistrate.

{Para 69] As may be appreciated from the foregoing embodiments, a plasma processing
system may be transformed to provide enhanced controls of plasma processing parameters.
Accordingly, the manufacturing company may be able be better positioned in a highly
competitive market by being able to expand substrate processing outside of the traditional
plasma processing regime of mechanically confined and highly asymmetrical capacitively-
coupled plasma processing system. In addition, the cost of ownership to the manufacturing
company is minimized since implementation of the new components is fairly simple and

inexpensive.

{Para 70] While this invention has been described in terms of several preferred

embaodiments, there are alterations, permutations, and equivalents, which fall within the scope



3. The method of claim1l1l, wherein said PFSP ring is different froma hot
edge ring, said PFSP ring can be any type of plasnma-facing ring on the
peri phery of said substrate. 4. The nethod of claim1, wherein said
conductive coupling ring is made of Alum num 5. The method of claiml,
wherein said PFSP ring is nmade of silicon. 15 6. The nethod of claim1l,
wherein said RE power source has an RE frequency of about 2 WMHz. 7. The
met hod obf Glsahvendion WRES @htitba kchullzy pordebsigoiare erovalsd asreiREof qoeguemcy  of

an RE 11 SHRLY o1 VaBERL B0 RS G ke HETHARTEr b SRS UAGTSTR Sai a
pl asma pHRGESS AGy SISt M kay PorGapRAihiahy medUl £d appasa®s pf e @&S&nmg
system mjigntxo'% p’\lit?xig% \%E 1%8? LS »fxxlx}g es 3%%&%%%% zl ?tl ;P gwtezﬁgd tlTl}EtptF wse € &a%%) ersOde
be illustrative and not limiting with respect to the invention. Itis therefore intended that the
following appended claims be interpreted as incloding alf such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.



~a‘'lower electrode; at |east one radio frequency (RF) power source to ignite
pl asma bet ween sai d upper el ectrode and said | ower el ectrode; a conductive

coupling ring, said conductive coupling ring is coupled to said | ower

el ectrode to provide a conductive path; and a

pl asma-f aci ng- substrate-periphery (PFSP) ring, said PFSP ring being

di sposed ‘above sai d conductive coupling ring, said PFSP ring is coupled to
at least one of a direct current (DC) ground through an RE filter, said DC
ground through said RF filter and avamebl e resistor, a positive DC power
source through said RE filter, and a negative DC power source through said
RE filter to control plasma processing paraneters.

1. In a plasma processing chamber, a method for processing a substrate
comprising:
supporting said substrate in said plasma processing chamber configured with

an upper electrode and a lower electrode;
configuring at least one radio frequency (RF) power source to ignite plasma between
said upper electrode and said lower electrode; ;
providing a conductive coupling ring, said conductive coupling ring is coupled to
said lower electrode to provide a conductive path;
providing a plasma-facing-substrate-periphery (PFSP) ring, said PFSP ring being
disposed above said conductive coupling ring; and
coupling said PFSP ring to at least one of
a direct current (DC) ground through an RF filter,

said DC ground through said RF filter and a variable resistor,

a positive DC power source through said RF filter, and

a negative DC power source through said RF filter

to control plasma processing parameters.

2. The method of claim 1, wherein said PFSP ring is a hot edge ring.

3. The method of claim 1, wherein said PFSP ring is different from a hot edge
ring, said PFSP ring can be any type of plasma-facing ring on the periphery of said

substrate.

4. The method of claim 1, wherein said conductive coupling ring is made of

Aluminum.

5. The method of claim 1, wherein said PFSP ring is made of silicon.
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11. The plasma processing systemof claim 10, wherein said PFSP ring is a
hot edge ring. 12. The plasma processing systemof claim10, wherein said
PFSP ring is different froma hot edge ring, said PFSP ring can be any type
of plasma-facing ring on the periphery of said substrate. 13. The plasma
processing system of claim 10, wherein said conductive coupling ring is
made of Alum num 14. The plasma processing systemof claim10, wherein
said PliSP ring is made of silicon. 15. The plasna processi ng system of

cl ai m 10, c wher-gj N, Sajod JRCIRRVE 'wiRPMh GRidRE paWeREodréCHUERCRE dfeqabioyt 2 Mz
16. The pl'asma prgbegéing sysféﬁ1of cI%in1fg,emherein saj%FRﬁqpomer sour ce

has an RboffabequeNdyz.of about 27 MHz. 17. The plasnma processing system of
claim 10, wherein said RE power source has an RF frequency of about 60 M-z.
18. The pl asma processing system of claim 10, wherein said plasm

processi ng SYStgdyethod sraafm 1, wedryinGaldPRE GopleasomcphacasBE fpqagstyem
of about 27 MHz.

8. The method of claim 1, wherein said RF power source has an RF frequency

of about 60 MHz.

9. The method of claim 1, wherein said plasma processing system is a

capacitively-coupled plasma processing system.

10. A plasma processing system comprising:
an upper electrode;
a lower electrode;
at least one radio frequency (RF) power source to ignite plasma between said upper
electrode and said lower electrode;
a conductive coupling ring, said conductive coupling ring is coupled to said lower
electrode to provide a conductive path; and
a plasma-facing-substrate-periphery (PFSP) ring, said PFSP ring being disposed
above said conductive coupling ring, said PFSP ring is coupled to at least one of
a direct current (DC) ground through an RF filter,
said DC ground through said RF filter and a variable resistor,
a positive DC power source through said RF filter, and
a negative DC power source through said RF filter

to control plasma processing parameters.

11.  The plasma processing system of claim 10, wherein said PFSP ring is a hot

edge ring.
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12. The plasma processing system of claim 10, wherein said PFSP ring is
different from a hot edge ring, said PFSP ring can be any type of plasma-facing ring

on the periphery of said substrate.

13. The plasma processing system of claim 10, wherein said conductive coupling

ring is made of Aluminum.

14.  The plasma processing system of claim 10, wherein said PFSP ring is made

of silicon.

15.  The plasma processing system of claim 10, wherein said RF power source

has an RF frequency of about 2 MHz.

16.  The plasma processing system of claim 10, wherein said RF power source

has an RF frequehcy of about 27 MHz.

17.  The plasma processing system of claim 10, wherein said RF power source

has an RF frequency of about 60 MHz.

18.  The plasma processing system of claim 10, wherein said plasma processing

system is a capacitively-coupled plasma processing system.
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