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ADJUSTABLE ELECTRODE AREA RATIO FIELD OF THE

I NVENTI ON [ 0001] The present invention relates to
sem conductor fabrication. More particularly, the
present invention relates to a plasma etching
apparatus. BACKGROUND OF THE | NVENTI ON [ 0002] A
typi cal plasma etching apparatus conprises a reactor
in which there is a chanber through which reactive
gas or gases flow. WphRidfbe £9aher. the gases are
ionized into a plasma,” typicalty by radi o frequency
energy. The highly reactive ions of the plasm are

able to react with ngfqgd G e the dielectric
bet ween interconnects or a polynmer mask on a surface
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directly affects the device yield. This has becone one
of the main qualifying requirenents for a process
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[0003] In semiconductor processing, the etch or deposition rate uniformity across the

wafer during each process directly affects the device yield. This has become one of the
main qualifying requirements for a process reactor and hence is considered a very important
parameter during its design and development. With each increase in the size of wafer
diameter, the problem of ensuring uniformity of each batch of integrated circuits becomes
more difficult. For instance, with the increase from 200mm to 300mm in wafer size and
smaller circuit size per wafer, the edge exclusion shrinks to, for example, 2mm. Thus
maintaining a ur;iform etch rate, profile, and critical dimensions all the way out to 2mm

from the edge of the wafer has become very important.

[0004] In a plasma etch reactor, the uniformity of etch parameters’ (etch rate, profile,
CD, etc.) is affected by several parameters, Maintaining uniform plasma discharge and

hence plasma chemistry above the wafer has become very critical to improve the uniformity.



CD, etc.) is affected by several paraneters.

Mai nt ai ni ng uni form pl asna di scharge and hence plasm

chem stry above the wafer has becone very critical to

i mprove the uniformty. 1 Many attenpts have been

conceived to inprove the uniformty of the wafer by

mani pul ating the gas flow injection through a

shower head, nodifying the design of the showerhead,

and placing edge rings around the wafer. [0005] One
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[0007] When RF power is supplied to chuck 102 from RF power source 106,
equipotential field lines are set up over wafer 104. The equipotential field lines are the

electric field lines across the plasma sheath that is between wafer 104 and the plasma 110.

[0008] ﬁuring plasma processing, the positive ions accelerate across the
equipotential field lines to impinge on the surface of wafer 104, thereby providing the
desired etch effect, such as improving etch directionality. Due to the geometry of the upper
electrode 108 and the chuck 102, the field lines may not be uniform across the wafer surface
and may vary significantly at the edge of the wafer 104. Accordingly, a focus ring 118 is

typically providéd to improve process uniformity across the entire wafer surface.



[0008] During plasnma processing, the positive ions
accel erate across the equipotential field lines to

i mpi nge on the surface of wafer 104, thereby providing
the desired etch effect, such as inproving etch
directionality. Due to the geonetry of the upper

el ectrode 108 and the chuck 102, the field |ines nmay
not be uniformacross the wafer surface and may vary
significantly at the edge of the wafer 104.
Accordingly, a focus ring 118 is typically provided
to i nprove Frocess uniformty across the entire wafer
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positioned. [0011] Accordingly, a need exists for a
nmet hod and apparatus for confining plasma wth an
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solve these needs and provide further, related advantages.




3 BRI EF DESCRI PTI ON OF THE | NVENTI ON 100121 A pl asma
reactor conprises a chanber, a bottomelectrode, a top
el ectrode, a first set of confinenent rings, a second
set of confinenment rings, and a ground extension. The
top and bottom el ectrodes, the first and second sets
of confinenent rings, and the ground extension are
all enclosed within the chanber. The first set of
confinenment rings is substantially parallel to the

bot t om el ect rgghErasskARIPTICNW O HEE NET@ON surrounds a

first volume between the bottom el ectrode and the t(P
e, a
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drawings: FIG 1 is a diagramschematically
illustrating a plasma reactor in accordance with a
prior art; FIG 2A. is a diagramschematically
illustrating a plasnma reactor having an inner set of
confinenent rings | owered and an outer set of
confinement rings raised in accordance



with one enbodinent. FIG 2B is a diagram
schematically illustrating a plasm reactor having an
i nner set of confinenment rings raised and an outer
set of confinenment rings Iowered in accordance wth
one enbodinment. FIG 2C is a diagramschematically
illustrating a plasm reactor having an inner and
outer set of confinenment rings | owered in accordance
with one enbodinent. FIG 2D is a diagram
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i nner and_ outer set of confinenment rings raised in
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tHe'iBRMiigiENt s of the present invention are described
herein in the context of confined plasma with

[%3flust ablRthed@@inegde area ratio. Those of ordinary
ski | #1Gl DistaiagRint schbrhdticallyBifthdtéfing H@bsntaBact i L8brBShce with a
detail ed description of the present invention is

Pii9ragfst rati ve only and is not intended to be in any
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i npl enent ations of the present invention as
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drawi ngs and the follow ng detailed description t
with prerembedipiéat. sane or like parts. [0016] In the
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numer ous | npl ementati on-specific
outer set of confinement rings raised in accordance with one embodiment.

FIG. 3 is a flow diagram schematically illustrating a method for operating the plasma
reactor illustrated in FIGS, 24, 2B, 2C, and 2D.



deci si ons nust be nmade in order to achieve the

devel oper's specific goals, such as conpliance wth
appl i cation- and busi ness-rel ated constraints, and
that these specific goals wll vary from one

i mpl ementation to another and from one devel oper to
another. Moreover, it will be appreciated that such a
devel opnent effort m ght be conplex and tine-
consum ng, but woul d neverthel ess be a routine

under t aki ng of engipEQl MY PERCRIF@OR of ordinary
skill in_the art having the benefit of this
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F power levels refer to power |evels of
ImébprOX|nately 2W per cnB of plasnma volune. 6 [0018]
FIGS. 2A, 2B, 2C, and 2D illustrate one enbodi nent of

a plasma reactor 200 wth adjustable electrode area
[001%{ i 0 colmhg isterpgt of claritynietiall pbthe reptipe fopiyras REthe [raplemeniations
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confi nenent ri ngs 8, a second (outer) set of
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asma reactor 200 1s configured to receive a gas (not
comhliamg with amplic@xoncmd\b@iun@&rqlmcbcoastrqmtagnﬁbthgtfhess yPastisagls

will GRS HRMm @l %on% m%?fépg{ﬁfr&? gnerH%Rleleﬁer td én@c}fef"t i on,
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ordmary skxll in the art having the benefit of this disclosure.

[0017] Generating confined plasma for 300 mm applications is difficult because of
the higher RF power and higher gas flow rates that are applied during the etching process. It
shall be appreciated by those skilled in the art that the apparatus and method described here
are not limited to 300mm applications. The apparatus and method may be adapted to be
used for applications requiring the confinement of plasma in a high gas flow environment
that employ high RF pdwer levels. In this invention, high gas flow rates refer to flow rates
of approximately.r 2000scem, and high RF power levels refer to power levels of

approximately 2W per cm’ of plasma volume.



[0020] Bottom RF el ectrode 204 is configured to
recei ve a workpi ece 216 and has an associ ated bottom
el ectrode area that is adapted to receive workpi ece
216. Bottom RF electrode 204 is coupled to at | east
one power supply 218. Power supply 218 is configured
to generate RF power that is comrunicated to bottom

el ectrode 204. [0021] Top grounded el ectrode 206 is

di sposed at a di stance above from bottom RF el ectrode
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ension 212 is confl gured to provide a coQ

with adiusieble glectgqde grgp Fatip epmmmw@m i ‘%959@&1@ ql%fﬁpde 204,a
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ectrode 206 together with, ground extension
of gonfinermen riaged0r @3@ gguad extepgion 74y foy éfam%chgrgfé’waﬂa %alaw
bohlMBriRosi tion of inner and outer confinement rings 208
and 210, respectively. In one position, the ground
el ectrode area is greater than the RF el ectrode area.
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stanti al equal to the RF el ectrode area [ 0022]
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Gag flewiratetiess2lym, 1509sscm as welbas naspthan 1 1Pseem rﬁ%@??abezamhed
that is used for processing workpiece 216 or a
sem conduct or substrate. By way of exanple and not
[0020hi t at i BettonrRF plegirode 204y epnfizpied safeerite LWTkRiFceA 148 has an
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elctrorsr204 scEopledo 2 lepst on Dastsh PRI B P?W@%PP&SQ%)%‘ is ppigyigd
to LERARALE YR} dnals SomH BRSPS bDRGH olelifodt 004, el ect 1 ode
rea and ottom el ectrode area. | nner and outer
sets of confinenment rings (208 and 210 respectively)
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RF electrode 204. Additionally, top grounded electrode 206 together with ground extension

212 has a ground electrode area that may vary in size based on the position of inner and
outer confinement rings 208 and 210, respectively. In one position, the ground electrode
area is greater than the RF electrode area. In another position, the ground electrode area is .

substantially equal to the RF electrode area.

[0022] To generate plasma 214 within chamber 202, power supply 218 is engaged
and RF power is communicated between bottom RF electrode 204 and top grounded
electrode 206. Gas is then converted to plasma 214 that is used for processing workpiece
216 or a semiconductor substrate. By way of example and not of limitation, RF power
levels of 2W per cm” of plasma volume may be applied. RF power levels of less than 2W

per cm’ of plasma volume may also be applied.



radi al di stance greater than second notch 226. First
and second notches 224 and 226 respectively house
first and second set of confinenent rings 208 and 210.
Plasma 214 is generated with the RF power being
communi cat ed between top grounded el ectrode 206 and
bott om RF el ectrode 204. [0024] G ound extension 212
is adj acent to bottom RF el ectrode 204 and is
separated from bottom RF el ectrode 204 by a first
dielectric ring 220 and a second dielectric ring 222.
First dielectric ring 220 is confl ured to receive

[0Q%31 t om Rinnenagg pytersts 96oenSnement Fiagh{d0%a0d A respret oY) are
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| ectrode 2 from ground extension 212. Second
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geﬁ:é?ﬁted Mth‘ﬁnterl@{ ﬂo%r Mfc&ﬁﬁﬁlmcgﬂeéﬁémeénec% E@tindél Qlectrode 206 and
described in enpl oys Capaci tive
m%@mﬁﬁ@h?&@?%ﬁnerate pl asma 214 in processing chanber
202. It shall be appreciated by those skllled |n t he
art, that the present apparatus and_net hod

[084hpt ed Groguextension 214 s Rdipssatietrien ?F@tﬁes‘l)@c?% P%'ﬁa
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frequency power suppl be used

ring 32 Fiest dlekectrln &ing 24his sprdigpyed go wﬁlﬁmﬁam Rﬁwedﬁctrpée 204 and
grétinl ledeSii Jnoﬁlé g@o%n& Qie eaflgﬂh'%@ﬂeﬁa?ﬂ@s tokBm R¥DEI&trode 204 from

partlcu % ustra ed power supply 218 is a
groynd extrpiney 212§ S@cqa@ﬁ!elyctp@m 223 ifp Inytheygrateaplang gs grourd qgfgpsion
213864 ‘% ?45% idl@ahréu%d eREdsiried? HﬁlrﬁtIGrUuﬁgnt%{ ®EPlasma -

manu Research. It shall be appreciated

botmdartiesand inpkides @BF igrounded sunface+ By tvap phrspmglepgrqund extension 212
aé/lﬁg Rhdd€ Br &&Bg&! 1ive foateﬂﬁ'gﬁ&taats 'aﬁﬂnﬂln@sﬁﬁt hefl debd dielectric rings

rocessin
220 and 222 may both be made of quartz

[0025] For illustrative purposes, plasma reactor 200 described in FIGS. 2A and 2B
employs capacitive coupling to generate plasma 214 in processing chamber 202. It shall be
appreciated by those skilled in the art, that the present apparatus and method may be adapted

to be used with inductively coupled plasma.

[0026] Additionally, and for illustrative purposes only, a dual frequency power
supply 218 may be used to generate the high electric potential that is applied to a gas to
produce plasma 214. More particularly, the illustrated power supply 218 is a dual power
frequency power supply operating at 2 MHz and 27 MHz that is included in etching systems
manufactured by Lam Research. It shall be appreciated by those skilled in the art that other



enpl oyed. It shall be appreciated by those skilled in
the art that the invention is not I[imted to RF
frequencies of 2 MHz and 27 MHz but may be applicable
to a wide range of frequencies. The invention is also
not limted to dual frequency power supplies but is

al so applicable to systens that have three or nore RF
power sources with a wide variety of frequencies.
[0027] First set (inner) of confinenment rings 208 is

po%pﬁlg@%% In alapé o Ct ; oxlgé plgéﬁéaqg h%%ceﬁﬁxg%hﬁ%e@ o6temaAPscAnRd

surrounds a first

empldyedrelt él@ﬁ(ble emre@ate@yahm slilierd intherapitba thegryegtirRignot limited
to?b?%%ﬁ&%%tggﬁﬁﬁg?? of conﬂnﬂﬁga%%ﬁg%%@g?%%g@ffﬁfgaered

fregnehcisecBredneation ig alse not ligtited Mqah%?@ﬁtcy PPYEsuPipgbytds also
fal
ap?l?dﬁglg Zﬁg%\nﬁ thafie BRLSE fao ?‘O% &S bove bordfes Wit al vi@dRRdikty of

en rai sed. 28] " Second set (outer) of

fraguenkiemenent rings 210 is substantlally parallel to
bottom RF el ectrode 204 and top grounded el ectrode
206 and surrounds a second vol unme between bottom RF

0@t r od%irszm(iam) ofspniipementdings 2088 sybsiartialip garngiid fp bottom
R]f&&?l%ge f(ﬁt ?df) g‘?&)nd&f elecﬁggg 20%%%3 Rbrrothd\0Saird B lubn (enclos1
set (1 nner) confinenent rings
plasga rZM)d)@meen mom]RE glectrode 3%%5165%%“’!96% elggtroge A9G ‘g’&'?é'ﬁft
se{ﬂerglgxﬁ ogéo\?ﬁ%ﬁé’ﬁt ki §| is lg\g&g@ lndeg&mﬁ §& g(‘ﬁf’l'er)’&i cHHﬂnement rings

en seco set lowered, is at, |east
21Qiiscraisel. Ndtelr22¢Hhouses fisst seef oanﬁnen@ékrﬂ%éa §uvsn rpisedst  set
208 is lowered. The volume of plasma 214 in FIG 2B
Is greater than the volune of plasma 214 in FIG 2A
[0028p di anSdcend ssf (outsdod penfivement singsedlp ivfubstantinllnpaglel to bottom

elec(art%dgitg ? toﬁ) r%&;?lag‘% el&rtrg 6 dnl Ardub&s BV BlunRbetween

con I nement rings 208. Each set
bon:tbmd?tﬂwa‘lectredﬁeil% and toggrqua@ed@u@@oqie@@ﬁu@en second fetionER @t
cogg egfc’ xjgx%v 51 d(ﬁ fg ml v Irér? ankt Bt Vet &Jb giﬁﬁ%) %fscggﬁnem-gﬂterm%ﬁﬁomh\%ﬂ n
NottH Z%thowtes moxpdﬁemﬁﬁesﬁnemle@smgsﬂ{ Gavlpnz@sed | ustrate each
set of confinenment rings having four parallel rings.
By way of exanple, both sets of confinement rjngs 208
[0629) 210Thesgcdnd vaimdhe, defined rslhenzsecond set 210 is lowered, is at least

greater than the first volume, defined when first set 208 is lowered. The volume of plasma
214 in FIG. 2B is greater than the volume of plasma 214 in FIG. 2A. The diameter of
second set (outer) of confinement rings 210 is at least greater than the diameter of first set
(inner) of confinement rings 208. Each set of confinement rings may also include a
suspended collapsible stack of individual rings. The gap between each individual ring may
be adjustable. Fér illustration purposes, FIGS. 2A and 2B illustrate each set of confinement
rings having four parallel rings. By way of example, both sets of confinement rings 208 and

210 may be made of quartz.

[0030] Each set of confinement rings 208 and 210 is capable of being raised and

Jowered to extend into a region above ground extension 212, First set of confinement rings



[ 0030] Each set of confinenment rings 208 and 210 is
capabl e of being raised and |owered to extend into a
regi on above ground extension 212. First set of
confinement rings 9 208 maybe | owered when second set
of confinenment rings 210 is raised as illustrated in
FIG 2A. First set of confinenent rings 208 nay be

rai sed when second set of confinenent rings 210 is

| owered as illustrated in FIG 2B. Both first and

. . 2 .
2B 155k TR Lonehia e phia 1 B Tpisc s TechEa n
FiKh2andirgett of tonfinemérit mieged98 niayrbg $ai@d 8vham skc@idsenefichafinement
hoe : ; T ¢ .

oA 538 LAIIRE 8 5 Gk B ERERS B
rings\288 ansl 216wy ba fvereal as dlustnaedsie FEG.AC. Ratinfiistandsertond set of

R et s S5 D) B e IRSNAI ikl AT 7 a0 R

I'se or “lower
skilfstim thetart vl apreciate thgtgheraard magy weys t fever mdonisothe odts of

202 ] Caurat i ) .
ARG 7 ror A B SPRLL AP B b Gy
lowernpacalfihendnorindsarithoht havink pi aer akilBcesT the injeromnfigdmbeny202.
el ectrode area is about equal to the RF bottom

el ectrode area resulting in an electrode area ratio

[0624r uni Inthe dmfigurati@sillbsirated heFIGi. 24, plashiadé isaxofined o a cross-
r r.kpi re.ver Th .

s B P bR PGt 2 HE b el Moo g

equal t6-tHERFhattowo eledtrdile acea rqsalting oudnalectrede draaratitenvagity. Asa

Sensiti roc es suc trd r j .
il S BEESEIAT rsTi v et S Byl Thp i Gyegtion of
copfinsment @izé 265 mded f aimpvmin €FG. 2Auwotid be ofipartenidr ust i@ damage-

ctive surfa ounded top grounded

ef.fe .ar f.or. qr
Segﬁl{é‘éetpf %"8%56%%‘8“ %C%Wf)rel?aﬁn?lqg%n‘z B is substantially

greater than the effective surface area for top

unded ect r.ode. 206 sh Nk 2 In di,ti.on,

OFA G el RS os e RRE M b 2 A 84 b R b B
fuethdr @atwiaxce | The ieffentiva sirfage drbeefoe prootided thp gounded eledithdy 206 Bhewn
. ode area ratjo.betwegn to rounge I r.0
in 0% 2§ oy el gt i S S P AHLBE L Byt Groae
206IshowiiA FIG. 22B. In additien, grondasedioa 2&Ris mawiimcangstvitisplasma 214
efégtg}ef‘y%&é‘%%g t}% e?esctr\o/(?el atr%,gf&rt}?err]. 1Plg)et élgc@oc%:arga! r% ug ge?vgreeen%gpd'
grounded electrode 206 and bottom RF electrode 204 has increased from FIG. 2A to 2B.
This increased area ratio results in an increased bias voltage on bottom RF electrode 204 and
a decreased bias voltage on top grounded electrode 206 and outer confinement rings 210.
The configuration of confinement rings 208 and 210 shown in FIG. 2B would be of
particular use for Via or High Aspect Ratio Contacts (HARC) which require high ion

energies for etching.

[0033] In the configuration illustrated in FIG. 2C, plasma 214 is confined to a cross-
section comparable to that of workpiece 216 since both confinement rings 208 and 210 are

lowered providing a double layer barrier for plasma 214. The grounded top electrode area is
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a decreased bias voltage on top grounded el ectrode 206
and outer confinement rings 210. The configuration of
confinenent rings 208 and 210 shown in FIG 2B would
be of particular use for Via or High Aspect Ratio
Contacts (I1-1ARC) which require high ion energies for
etching. [0033] In the configuration illustrated in
FIG 2C, plasma 214 is confined to a cross- section
con?_ar able to that of workpiece 216 since both
canf | n i 208 . ar. I Lol
ot Gt L R b I oGS0 e 8 o BURGE koY Ee P
A<d et thg biagvaiagt and id0erainyat wedypiate 216 atedwerblowt die RF
electro ar.ea resul ti j I '
coufifaigR PR Bdutnl ks o nd g i BTG A AR B0
patiitelagyse dr dampgepiensibvei GessessuvteasStiipor Baftier Open.
configuration of confinement rings 208 and 210 shown
in FIG 2C would be also of particular use for
[oeBdrage- Slgglm' donfigurgtiondihstaed wURG. 213 pBsma gloganBypanil past the
. Open In. th f | [ [ rat i
iRk 8o Dy B S8 S B Bl ot is % 510
arenizéd. rEeeffective agfc B8a fon thp2tdindédrdetrbde 206 shewn indhe D is

i.ngs,, 208  and 0 K ' ' .
sob S e 70 s Al Bt b3 bR ik 206Xhun in
FIGS. 245 ?Bsir?m. dh bgdi% gt)lmd exteasion BL iehdve ox dontactsvithf plasma 214

rea, f.or -to rou t k
eri RSty B s MO e R s B et el
grovaded elﬂeo@rﬁdﬁ l:j{mtand/bbttt}npRﬂshmoﬂ& 204 Ieks firwotnbeddtom FIGS: 2458 8C

t r.ode area rther. Th . [
o it e e esell r e in BB SHEFURE Tl Gl
el%tr%dazgg dﬁdTﬁ?)e;bre!aml biias cmém el toprgormnii¢d@B:ctrade 208BTheC  t o
e I, ncreas area r .
copfgi R0 a6 rraee DT QUL B O apt fid ZE e LG D would be
aldd ol patiangace for ¥ ordigogpearatio SognanfiiRCleriEdt require high ion
The,. configuration of inner and outer confinenent

206. .
enFﬁg}?@gorﬁf?glng‘nd 210 shown in FIG 2D would be also of
particular use for Via or H gh Aspect Ratio Contacts

[083%RC) IO%Q 0 oer((i‘ilflxétrryesldﬁli:ggxe L2 Wi aeprf)?gcgakeetﬁatftﬁer abg\rmc&hﬁglrations
shown in FIGS. 2A, 2B, 2C, and 2D are not intended to be limiting and that other

configurations can be used without departing from the inventive concepts herein disclosed.

For example, at least two or more sets of confinement rings may be positioned to further

control the electrode area ratio.

[0036] FIG. 3 illustrates a method for using the plasma reactor illustrated in FIGS.
2A,2B, 2C, and 2D. At 302, the position (raised or lowered) for each inner and outer set of
confinement rings is selected. The inner and outer sets of confinement rings are capable of
being raised and lowered to extend into a region above the ground extension. The inner set
of confinement rings may be configured to be lowered when the second set of confinement
rings is raised, and vice-versa. At 304, the gap between each confinement ring of the

lowered set of confinement rings (inner, outer, or none) may also be adjusted. Both sets of

11



[0035) Those of ordinary skill in the art wll

appreci ate that the above configurations shown in
FIGS. 2A, 2B, 2C, and 2D are not intended to be
limting and that other configurations can be used
wi t hout departing fromthe inventive concepts herein
di scl osed. For exanple, at |least two or nore sets of
confinenent rings nay be positioned to further
control the electrode area ratio. [00361 FIG 3

o) Ol SR S B 81

2Gmd2Di on (rai sed or | owered) for each inner and outer

set of confinenent rings is selected. The inner and

outer sets of confinement rings are capable of being
[0037] sed aWthlé ensdenentsand appingionnofhia inveticorhawbleee shoma and

u nsi.on he | | [
N
that maﬁy mermmdlﬁcrahmgsthansnenaorwé dbovamk positde withe departing(fepm the
ween f I

imiea P Ree R iR pOAERED s ool @ el cxi S
spiait sfthdgppatjedstagos. Bot h sets of 11 confi nenent rings

may al so be |lowered and raised at the sane tine as

illustrated in FIGS. 2C and 2D. [0037] Wile

enbodi ments and applications of this invention have

been shown and described, it would be apparent to

those skilled in the art having the benefit of this

di scl osure that many nore nodifications than

nmenti oned above are possible w thout departing from

the inventive concepts herein. The invention,

therefore, is not to be restricted except in the

spirit of the appended clainms. 12 CLAIMS What is

claimed is: 1. A plasma reactor conprising:

12



a chanber; a bottomelectrode and a top el ectrode
encl osed within said chanber; a first set of
confinenent rings substantially parallel to said
bottom el ectrode and said top el ectrode, and
surrounding a first volune between said bottom
el ectrode and said top electrode; a second set of
confinenent rings substantially parallel to said
bottom el ectrode and said top el ectrode, and
surroundi ng a second volgﬂgnggtmeen sai d bottom
el ectrode and said top ectrode, the second vol une
Wheislpigediat er than the first volune; a ground
1 extgP?ion %%hacenthio,and surroundi ng said bottom
‘el et EHBARRERIN &I d first set of confinenent rings
anda slambersecond set of confinenent rings are capable

of bei i.ndependent | v raised, and.. £ ext end
e B T DR R gl
pl as fint seeafdonfinenfentiirais subltantidlig pedatiel s@sait Hottostelesrodegid

gonf i [ ' fi d .
R T s e B G

toppéiécttodd;r st set of confinenent rings is configured to

'S b Bt Eon R RER A ARlap parfR L] AR bm ofebb8E and
said adpcbldcirbdd, aiestirrodndingnfsecvadresiime betgyseni ssid botsorhielyotrasld andsaid

be raised whe ai d. secon t of-confijinement rings is
tog ej?cg%e,’ ﬁﬁﬁ&“"gg?’é‘,‘@? pepe grggeﬁlg@ tgeo%rg | v%ieurrr% At rings is
conj pi@uidekidnsioh adjhcneb antl svremdig) sdidbettom dlestetdeof

confinement rings,. is lowered. 4..The plas r.

of " haIPR e ik e B sordagriptt fine pnd seid Qporfd SEFRARRAL s
ard dapadte GIeing dideépendantly raisedend iversd nd ¢xteandtnio a régigsabayesaid
ended. 5. The plasma reactor of claim1l1, wherein

su
grouaf gXIPNSIo8t  set of confinement rings include an
adj ust abl e gap between each confinenment ring.

2. The plasma reactor of claim 1, wherein said first set of confinement rings is
configured to be lowered when said second set of confinement rings is raised, and said first
set of confinement rings is configured to be raised when said second set of confinement

rings is lowered.

3. The plasma reactor of claim 1, wherein said first set of confinement rings is
configured to be raised when said second set of confinement rings is raised, and said first set

of confinement rings is configured to be lowered when said second set of confinement rings

is lowered.

4. The plasma reactor of claim 1, wherein said first set of confinement rings and said

second set of confinement rings are suspended.

5. The plasma reactor of claim 1, wherein said first set of confinement rings include an

adjustable gap between each confinement ring.

13



13 6. The plasma reactor of claiml|l wherein said
second set of confinenent rings include an adjustable
gap between each confinenment ring. 7. The plasma
reactor of claim1l, wherein said first set of
confinenment rings is adjacent to said top el ectrode
such that an active electrode area ratio is
substantially near unity, the active electrode area
ratio defined by dividing a cross-section of a plasm
in the first volume by a workpiece area supported by
said bottomelectrode. 8. The plasma reactor of claim
61, vihemplisma ssattdr efebaimd véheteinokidsesont setivf eanfingrmeps ripgs include
Lt I el ectrode area is
axg%ﬁ%s%dab%%ﬁ QFWQ%%%P t ngeﬁ{ ﬂbﬁ’ ity, the active
el ectrode area ratio defined by dividing a
Cro - . 0 . . .
Tor g S RoB o B 3P s e B Y4 focen
toTsaid top) eletrade sgle thet angictivel eddchrode, ardauratichie subseniially sieargnidy, the
a%&%‘?lrecﬁ%u? ije raﬁg Hgljin%g P#r Biviid cr@sglsgc(ﬁ'gh 8{” f}‘ﬁﬁn&gﬁ thesiﬁétq'olume
ottom el ectrode configured to recelve a workpi ece.
byl @ workhiecqrireassuppared by snid bittom| eldctrode. wher ei n sai d power
supply generates a plurality of frequencies to said
bottom el ectrode. 11. The plasnma reactor of claim9,.
8wherBieplasma chattopofelaing fl y whteein saidjsegentcieitof cainempet risgaisna
cl air t I. i §i : .
& REESgf ety Bl biockle s SHTHaR) Dot HLOURY, fe acive
elsaiode gremmatiol defied hy flividing aawass-sestibh 9f aplanmadn the seeond s¢lume by
to ecl.r I: ed | n active el ectrode
a3?%3%%5%%5¥g§ﬁ%82gf+€g&gﬁg%?%§dé area ratio defined by
dividing a cross-section of a plasma by a workpi ece
area supported by said bottomelectrode. 13. The
pl asma reactor of claiml1, further conprising a
9.di elThe plastoa reactor cfet)airs éfurthen domprisingn preaiiensypphyicdurhest to gaid
bcﬁlg&ceﬁ]e%gg&é %aé ojtt%m cﬁ:%aeh@gﬁéu?{d 9 3eddfde 3 vR I%f’erg@ react or

er w op el ectroade, a bot tom

10.  The plasma reactor of claim 9, wherein said power supply generates a plurality of

frequencies to said bottom electrode.

11.  The plasma reactor of claim 9, wherein said top electrode is grounded.

12.  The plasma reactor of claim 1, further comprising a ground extension ring adjacent
to said bottom electrode, said ground extension electrically connected to said top electrode
and included in an active electrode area ratio, the active electrode area ratio defined by

dividing a cross-section of a plasma by a workpiece area supported by said bottom electrode.

13.  The plasma reactor of claim 1, further comprising a dielectric ring adjacent and

surrounding said bottom electrode.
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el ectrode, a first set of confinenent rings having a
first dianeter, a second set of confinenent rings
havi ng a second di aneter, the second di aneter greater
than the first dianeter, a ground extension adjacent
to and surroundi ng the bottom el ectrode, the nethod
conprising: selecting a position for said first set of
confinenent rings and said second set of confinenent
rings, said first set of confinenment rings and said
eco anabl; e
1 BBl i boiERplalTlor el RETRRE! bl Blop REERe, o ottom
elecirgide s findy @&I@f ednfinergent tings haxing A £irsy dlamztsr, a???@ndraﬁtt pbd of
c@?ﬂ%ﬂ@nﬁﬂ%\ﬁﬁﬁﬁg b Qec%ﬁd ax{‘létgxs{c}ile v\ﬁgrrl]@élgl?l Lt et éItEé fg}
digwetei, mereund extingign adJscentaﬁomsur@mﬁl%ﬂl@I bqitl:orrs(tleeérede e method

&@ﬂ ement rings is configured to be raised when said

cond set of confinenent rings is |owered., 16. The

et rseldeting agpsition fod saidvfiest ssf of confingmientrings aus saigfsecond set of

s
cGERGH AT pold 05 BRI 1 1 oa@Budofl B L WA en
riggsicapablerof beigginderfendeptin famé amhHpweted tpsextend dbme regwnéboweéhe
when said second set of confinenent rings
g&&mf%%@%@ﬁd 17. The method of claim 14, further
conprising suspending said first set of conflnenent
in ' t..:af fi '

10 Fheithgd B AapE Vo efl e Ol of LR Gherk i ochBaurd o
beglaperod wherenidsaodnd sgtwﬁfwnfmnmmt ringsigraised.cad epid firstset et
cqn%‘lp?rﬁeré]lg hré% %&rbltnfi gn!n@cgﬁb(})e ed-u;h%ré gﬁg %%gn&t);\?vte (‘éfl rg:@féigﬁce#%nt rings is
logerefli nement ring in sald second set of confinenent

rings. 20. The nethod of claim 14, further conprising

di sposing said first set of confinenent rings
161dj athemtettiod o elpith 14 pheteincseid ditiss set € onfinernent ringsds papdigured to

be ralsg& wl?en Said s&@nd gét 'o? cdn?iné%'éﬁﬂx@é}tlé ﬁlsgcy, and said first set of

confinement rings is configured to be lowered when said second set of confinement rings is

lowered.

17.  The methbd of claim 14, further comprising suspending said first set of confinement

rings and said second set of confinement rings.

18.  The method of claim 14, further comprising adjusting a gap between each

confinement ring in said first set of confinement rings.

19.  The method of claim 14, further comprising adjusting a gap between each
confinement ring in said second set of confinement rings.

20.  The method of claim 14, further comprising disposing said first set of confinement
rings adjacent to said top electrode such that an active electrode area ratio is substantially

near unity, said active electrode area ratio defined by dividing a cross-section of a plasma in
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near unity, said active electrode area ratio defined
by dividing a cross-section of a plasma in 15 a vol une
within the first set of confinenent rings, the top
el ectrode, and the bottom electrode, by a workpiece
area supported by the bottomel ectrode. 21. The net hod
of claim 14, further conprising supplying power to the
bottom el ectrode, the bottom el ectrode configured to
recei ve a workpiece. 22. The nethod of claim 21,
further.c rlsi I '
ool i BE i BEboHBRFH B il B Bp el botom
eleotrode) i awdritpiedetardarsspportedrpy the beftpnyeledimede-ng t he t op
el ectrode. 24. The nethod of claim 14, further
conprising surrounding the bottomelectrode with an
21adj Bleemethali eflckairn A # curthan gompprisitigisupplying poveer buihe beffom
el ect [ further
o e Pl e o pelo Bhithece; 0L
ground extension. 26. A plasma reactor conprising: a

chamber ; L r . ;
22 oot (R 2Lt s A eflrk @ o1 OFfoquencies o
thedmttbmeienteode. ri ngs having a first dianmeter,
substantially parallel to said bottom el ectrode and
said top electrode; a second set of confinenent rings
23hav Thgmethsofaiain d# afirshe comprisingt xovuniding the tpmelegtrode. t o
said bottomel ectrode and said top el ectrode, said
second dianeter greater than said first dianmeter; and
24a gThamethekdfetsmdA, fadhacemprising samounsingrten foitomeplestzpde with

bot t .el ectr.od ' ' i rst t of
anég’ﬁ?efq%ﬁﬁcﬁﬁc ﬁgﬁ?%lgagalgew]n%r@a%g 3@5 258{56 ezet ng gonf i nenent

rings are capable of being raised and |owered to

258Xt RIS P otaclarin%%iél,o ﬂrtﬁg%gﬁpﬁ"s%g%ug{)%ﬂ& 1R diBIB&EOfng with a

ground extension.

26. A plasma reactor comprising:

a chamber;

a bottom electrode and a top electrode enclosed within said chamber;

a first set of confinement rings having a first diameter, substantially parallel to said
bottom electrode and said top electrode;

a second set of confinement rings having a second diameter, substantially parallel to
said bottom electrode and said top electrode, said second diameter greater than said first
diameter; and

a ground extension adjacent to and surrounding said bottom electrode,

wherein said first set of confinement rings and said second set of confinement rings

are capable of being raised and lowered to extend into a region above said ground extension.

27.  The plasma reactor of claim 26, wherein said first set of confinement rings is

configured to be lowered when said second set of confinement rings is raised, and said first
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27. The plasma reactor of claim 26, wherein said first
set of confinenent rings is configured to be | owered
when said second set of confinenent rings is raised,
and said first 16 set of confinenent rings is
configured to be rai sed when said second set of
confinenment rings is |owered. 28. The plasna reactor
of claim 26, wherein said first set of confinenent
rings is configured to be raised when said second set
sePbf oRfHRRITRIRS is' doRfSrddSto betaiBs whe $AidRbdhd sbtlo? Eorﬁﬁtemer@f
confinenent rings Is configured to be | owered whe
ringgiijowerednd set of confinenent rings is |owered, 29.
A plasma reactor conprising: a chanber; a bottom
el ectrode and a toF el ectrode encl osed wit hin sai d

28& harfihe plasmayreagton o glaiy 2@ ydiersin said) firstepfrof confimgment rings is

coRHEurQH0 Bk Rised ‘Whgn bRd &e&n&h&;&mﬁﬁmﬁtmg@ﬁ%sefdwgld said first set
concentric set of confinenment rings, each set

of canfinemertaings isicorfiguredsnbs lgweted when d sepRndses émﬁnyment rings

isidWengd and lowered to extend into a regi on above said
ground extension. 30. The plasma reactor of claim 29,
wherein said first set of confinenent rings is
configured to be | owered when said second set of
confinenent rings is raised, and said first set of
confinenent rings is configured to be raised when said

295 €CNlasifilredRfor EORPrisHpENt  rings is lowered. 31. The
pl asma reactor of claim 26, wherein said at | east two

conéshamies set of confinement rings are configured to

be LabigeBRbal ME! BF cleQRRAL Bfdiosed Within said chamber;

a ground extension adjacent to and surrounding said bottom electrode,
at least two concentric set of confinement rings, each set of confinement rings
configured to be independently raised and lowered to extend into a region above said ground

extension.

30.  The plasma reactor of claim 29, wherein said first set of confinement rings is
configured to be lowered when said second set of confinement rings is raised, and said first
set of confinement rings is configured to be raised when said second set of confinement

rings is lowered.

31.  The plasma reactor of claim 26, wherein said at least two concentric set of

confinement rings are configured to be raised and lowered together.
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