1 METHOD AND APPARATUS TO CONFI NE PLASMA AND TO ENHANCE FLOW CONDUCTANCE

FI ELD OF THE | NVENTI ON [ 0001] The enbodi nents of the present invention
generally relate to method and apparatus to confine plasma and to enhance
fl ow conductance in plasma processing reactors. BACKGROUND OF THE | NVENTI ON
[ 0002] Pl asma processing of sem conductlor wafers in the manufacture of

m croel ectronic integrated circuits is used in dielectric etching, netal
etching, chemical vapor deposition and other processes. |n sen conductor
substrate pr QUELHOR AN, ARRARA TUS, 10 CONFINELRLASRIA AP T ENHANCE <1 zes
and line-widths has placed a pr ERHOWGANDUCEANGE y t 0 mask, etch, and
deposit material on a sem conductor substrate, with greater precision.

[ 0003] Typi I ' | onpl i shed by applying radio frequency (RF)
power to a @Pf@gg @Bﬁ)'la-ir@ato a | ow pressure processing region over a
substrate S[mmgt edrHy embodiReRts defeepresERE inRTibhi dkheahBE télhte fd fhdthod

creates a reacfion zone in the processing region that excites the working
gas into a phdspparatigcoseppfne plasnseandstoppabatce dow cerductanes imiplagmat he
pl asma towards th b% rate supported thereon. lons mgrate towards a
boundary Ia@'go eS?'ﬁgl{%gC fsaisma adj acent to the substrate and accel erate upon
| eaving the boundary | ayer. The accelerated ions produce the energy
required to _renove, the material fromthe surface of the
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processi ng region above e su I'ned plrasmas ca
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could also etch the chanber walls. Etch- byproduct deposition on the chanber
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has placed a premium on the ability to mask, etch, and deposit material on a

semiconductor substrate, with greater precision.

[0003] Typically, etching is accomplished by applying radio frequency (RF)
power to a working gas supplied to a low pressure processing region over a
substrate supported by a support member. The resulting electric field creates a
reaction zone in the processing region that excites the working gas into a plasma.
The support member is biased to attract ions within the plasma towards the
substrate supported thereon. lons migrate towards a boundary layer of the
plasma adjacent to the substrate and accelerate upon leaving the boundary layer.
The accelerated ions produce the energy required to remove, or etch, the material
from the surface of the substrate. As the accelerated ions can etch other
components within the processing chamber, it is important that the plasma be
confined to the processing region above the substrate.

[0004] Unconfined plasmas cause etch-byproduct (typically polymer)
deposition on the chamber walls and could also etch the chamber walls. Etch-
byproduct deposition on the chamber walls could cause the process to drift. The
etched materials from the chamber walls could contaminate the substrate by re-
deposition and/or could create particles for the chamber. In addition, unconfined
plasmas could also cause etch-byproduct deposition in the downstream areas.
The accumulated etch-byproduct can flake off and result in particles. To reduce

the particle issues caused by the deposition of etch-byproduct in the downstream



pl asmas coul d al so cause etch-byproduct deposition in the downstream areas.
The accunul ated et ch-byproduct can flake off and result in particles. To
reduce the particle issues caused by the deposition of etch-byproduct in

t he downstream 2 areas, an additional downstream clean is needed, which
coul d reduce process throughput and chrease processi ng cost. [0005]
Confined plasmas coul d reduce chanber Contam nation, chanber cleaning and

i nprove process repeatability (or reduce process drift). Plasma confinenent
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been devel ogﬁgué@%&%ﬁd iHSre@sésdgﬁg%s%ﬁr%é‘%ﬁ.”om end of line (FEQL)
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an i nproved nethod and paratus that  not only confine plasma within a
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i nventi on genera ate to a net —and an apparatus to confine pFasm
and to enhafioe fratew(egndbetneeoe aboupl 30rascoon owesiond 18@Et srcsn). | n Rlasama
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an annul ar ring surroundi e top portion of the substrate support,
wher ei n t heplasima ahgambdrethadeis trod lamn@rnaughi (g gand 30 ovdsesr) closinther FE@LI s
havi ng a gag V\ﬁ"x(/j?ih fromabout 0.8 inch to about 1.5 inch, and a dielectric
seal pl aced?Be 'QHSéjeFBrgb ‘ectrode and a process chamber body, wherein

[0006] Therefore, there is a need for an improved method and apparatus that
not only confine plasma within a processing region inside the plasma chamber but

also enhance flow conductance.

SUMMARY OF THE INVENTION

[0007] The embodiments of the present invention generally relate to a method
and an apparatus to confine plasma and to enhance flow conductance in plasma
processing reactors. In one embodiment, an apparatus configured to confine a
plasma within a substrate processing region during processing a substrate in a
plasma processing chamber comprises a substrate support having one or more
dielectric layers, an annular ring surrounding the top portion of the substrate
support, wherein there is a gap between the annular ring and process chamber
walls having a gap width from about 0.8 inch to about 1.5 inch, and a dielectric
seal placed between a top electrode and a process chamber body, wherein
impedances of the top electrode, the dielectric seal, the substrate along with the
substrate support, and plasma reduce a voltage supplied to the top electrode by a
voltage ratio and supply the remaining voltage supplied to the top electrode at a
negative phase at the substrate and the substrate support during plasma

processing.



| npedances of the top electrode, the dielectric seal, the substrate al ong
with the substrate support, and plasma reduce a voltage supplied to the top
el ectrode by a- voltage ratio and supply the renaining voltage supplied to
the top electrode at a negative phase at the substrate and the substrate
support during plasma processing. 3 [Q008] In another enbodi nent, an
apparatus configured to confine a plas within a processing region in a

pl asma processi ng chanber conprises an annular ring surrounding the top
portion of &00Qf]st rigt @rethppembodimenkian appakatys CQnggtpiedb@t orrfine peplagmal ar
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substrate processing region during substrate processing in a plasma processing
chamber comprises placing a substrate on a substrate support in a plasma
processing chamber with a top electrode, an annular ring surrounding the top
portion of the substrate support with a gap between the annular ring and process
chamber walls having a gap width from about 0.8 inch to about 1.5 inch, flowing
process gas(es) into the plasma chamber, and creating a plasma in the plasma
process chamber.
[0011] In another embodiment, a method of confining a plasma within a
substrate processing region during substrate processing in a plasma processing
chamber comprises placing a substrate on a substrate support in a plasma
processing chamber having a top electrode, a dielectric seal surrounding the top
electrode, an annular ring surrounding the top portion of the substrate support with
a gap between the annular ring and process chamber walls having a gap width
from about 0.8 inch to about 1.5 inch, flowing process gas(es) into the plasma
chamber, and creating a plasma in the plasma process chamber by supplying a
voltage ratio of the voltage supplied to the top electrode and supplying the
remaining voltage supplied to the top electrode at a negative phase at the

substrate and the substrate support.



processi ng chanber having a top electrode, a dielectric seal surrounding the
top electrode, an annular ring surrounding the top portion of the substrate
support with a gap between the annular ring and process chanber walls
having a gap wwdth fromabout 0.8 inch to about 1.5 inch, flow ng process
gas(es) into the plasma chanber, and ﬁreating a plasma in the plasma
process chanber by supplying a voltage ratio of the voltage supplied to the
top el ectrode and supplying the remaining voltage supplied to the top

el ectrode af00d2}egdniyes qﬂogb@r gmboslimenty 1 Mmethed fcamiving psplaama withisoat . 4

[0012] 10 vel,apabheboetnodiamph ailPL gt FORUM A% 3 PhasiRpMcboling?
substrate processing regl ring substrate procéssinhg I'n a plasm
processi ng cledrabbe rcoemprizeiss placiigaa Bobstratebshr at sulsyiraie ssipgoratie ypaama i n
a plasma processing. chanber with a top electrode, and a dielectric seal
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had by ref esdglvaimte tsappbe. enbodi nents thereof which are illustrated in the
appended drawings. It is to be noted, however, that the appended draw ngs

illustrate only typical enbodinents of this invention and are therefore not

to be consi geief DESCRIPIONG OF THED iigs the invention may admit to
other equally effective enbodi nents. [0014] Figure 1 A shows the process

flow of profHs]ng So dhatstheanearineranphishathec hhobe rrecitad Espbddigents ©13hehows
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description of the invention, briefly summarized above, may be had by reference
to the embodiments thereof which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.
[0014] Figure 1A shows the process flow of processing a substrate in a plasma
chamber.
[0015] Figure 1B shows a schematic drawing of a plasma processing chamber.
[0016] Figure 2 (Prior Art) shows a schematic drawing of a slotted plasma
confinement ring.
[0017] Figure 3A shows a schematic drawing of a plasma processing chamber
with one embodiment of an annular plasma confinement ring in the process
chamber.
[0018] Figure 3B shows a schematic drawing of a plasma processing chamber
with another embodiment of an annular plasma confinement ring in the process
chamber.
[0019] Figure 3C shows the simulated results of plasma density ratio and

chamber pressure as a function of the gap width.



confinement ring. [0017] Figure 3A shows a schematic drawi ng of a plasm
processi ng chanber wth one enbodi nent of an annul ar plasna confi nenent
ring in the process chanber. [0018] Figure 3B shows a schematic draw ng of
a plasma processing chanber w th anot her enbodi nent of an annul ar plasma
confinement ring in the process chanber. [0019] Figure 3C shows the

sinmul ated results of plasnma density ratio and chanber pressure as a
function of the gap width. 5 [0020] Figure 3D shows the sinmulated result of
pl asma densi®82Q]n tHeugs dBnghows Hre siEnwgtasheasyéirofvplapmeandengily i therp!Beideen

the. annul ar oS8 400 chOF o NARBEEobES, byl SeabBh, tOORHLIES AHESadE, Hlovs

t he simul at resu pl'asnma densi ma  processi ng”chanber
when t he gaphamibehwadseers inbe. annul ar ring and the chanber walls is 3
inches. [0022] Figure 4A shows the voltage between the top el ectrode and the

gr ounded cal¥AM widauimab vy e ﬁt”i"ﬂa ed resufrofpiasma JNTge thelpigsma
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top el ectrode an groun 0TS f(or
sour ce vol t ggambel Walls $upphé¢red. at top el ectrode). [0024] Figure 4C shows the

vol t age between the top el ectrode and the cathode when the voltage ratio is

0.5 (or hal 10Q42]soufigera,dtA RS BapKPIade Aetwepn e doR otlgFiroge02ny HBegur e
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at top el ectopdiertrofl@026] Fi gure 5A shows the sinulated plasma density ratio
as a functi?&)zoél Vlglgh%ge4é aéhioc\)/\'/s the voltage between the top electrode and the
grounded chamber wall when the voltage ratio is 1 (or source voltage fully
supplied at top electrode).
[0024] Figure 4C shows the voltage between the top electrode and the cathode
when the voltage ratio is 0.5 (or half of source voltage is supplied at top
electrode).
[0025] Figure 4D shows the voltage between the top electrode and the
grounded chamber wall when the voltage ratio is 0.5 (or half of source voltage is
supplied at top electrode).
[0026] Figure 5A shows the simulated plasma density ratio as a function of
voltage ratio.
[0027] Figure 5B shows the simulated result of plasma density in the plasma
processing chamber when the gap width between the annular ring and the
chamber walls is 1.5 inch and the voltage ratio is 1.
[0028] Figure 5C shows the simulated result of plasma density in the plasma
processing chamber when the gap width between the annular ring and the
chamber walls is 1.5 inch and the voltage ratio is 0.5.
[0029] Figure 5D shows the simulated result of power deposition in the plasma
processing chamber when the gap width between the annular ring and the
chamber walls is 1.5 inch and the voltage ratio is 1.
[0030] Figure 5E shows the simulated result of power deposition in the plasma
processing chamber when the gap width between the annular ring and the

chamber walls is 1.5 inch and the voltage ratio is 0.5.



[0027] Figure 5B shows the sinulated result of plasma density in the plasm
processi ng chanber when the gap wi dth between the annular ring and the
chanber walls is 1.5 inch and the voltage ratio is 1. [0028] Figure 5C shows
the sinulated result of plasma density in the plasma processing chanber
when the gap wi dth between the annular .ring and the chanber walls is 1.5

i nch and the voltage ratio is 0.5. [00?9] Fi gure 5D shows the sinmul ated
result of power deposition in the plasma_ processing chanber when the gap

wi dt h bet wef@03He drigiulead shpwg aaeitruithdrawinghewrearathedop £lactrdenthe aathodRe

vol tage rat ,Q4i I gure 5E shows the simulated result of power
deposi tion ?ﬁdttﬁ%%g?'g@%gwagrgbcessi ng chanber when the gap wi dth between the

annul ar ringGasa] t ko fabitirberuvddrstandingl . iBentich @fslehbe vahbede hWale dekn
0.5. 6 [0031] Figure 6 shows a circuit draw ng between the top el ectrode,
t he cat hodeUsgdhdWhREe PRaAbE. Rafleegnigoislentiay) elgmants dhat arriepawaeRiitadhe
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i denti cal nent s conmmo I gures. e drawngs in the
figures are all schematic and not to scale. DETAILED DESCRI PTI ON [ 0033] The
process of %:‘%:essi ng a substrate in a plasma process chanber is shown in
Fi gure 1A &N-E&e ESGRIATION step 201 by placing a substrate in a

pl asma proc ha d}%@ Sa S5 ' | papdlie the
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process chapber. The prqcessing,conducted in the plasma, pracess chanmber
boul d be dBISET PETEesS: HATRST. oNahatinsioPr €08 RIGPESS BES R ds oVt Mifidhe

i nvention aB@sh%gF&eséo%agﬂ%fr. ﬁh&*,%@e@@@@?%ﬁélﬁ&nah@%éﬁﬁﬁi iﬂ%é)ﬂ ma

Il lustrates an exanpl e asma reactor, such as the ENABLER(r) etc
syst em nmanupeameass athambekpphti sddp e theabghsttate .is podceSaad an GhaplsmaCatadessni a,
that incl Udgﬁar%b[e?.aclth%r p?ohcaegts)ﬁ\rg %gr?duc\{\gé ?r? tﬁg%lésr}ﬁé updrgcclasisngltlgmi)gr could be
deposition, etching, or plasma-treatment. The concept of the invention applies to
any type of plasma processing.

[0034] Figure 1B illustrates an example of a plasma reactor, such as the
ENABLER® etch system manufactured by Applied Materials, Inc., of Santa Clara,
California, that includes a reactor chamber 100, which may include liners to
protect the walls, with a substrate support (or pedestal) 105 at the bottom of the
chamber supporting a semiconductor wafer 110. The chamber 100 is bounded at
the top by a disc shaped overhead aluminum electrode 125 supported at a
predetermined gap length above the wafer 110 on grounded chamber body 127
by a dielectric (quartz) seal 130. A power generator 150 applies very high
frequency (VHF) power to the electrode 125. VHF is typically between about 30
MHz to about 300 MHz and is one of the RF bands, which range from about 10
kHz to about 10 GHz. In one embodiment, the VHF source power frequency is
162 MHz for a 300 mm wafer diameter. VHF power from the generator 150 is
coupled through a coaxial cable 162 matched to the generator 150 and into a
coaxial stub 135 connected to the electrode 125. The stub 135 has a
characteristic impedance, resonance frequency, and provides an impedance
match between the electrode 125 and coaxial cable 162 or the VHF power
generator 150. The chamber body is connected to the VHF return (VHF ground)

of the VHF generator 150. Bias power is applied to the wafer by a bias power RF



protect the walls, with a substrate support (or pedestal) 105 at the bottom
of the chanber supporting a sem conductor wafer 110. The chanber 100 is
bounded at the top by a disc shaped overhead al um num el ectrode 125
supported at a predeterm ned gap | ength above the wafer 110 on grounded
chanber body 127 by a dielectric (quaztz) seal 130. A power generator 150
applies very high frequency (VHF) power to the el ectrode 125. VHF is
typically between about 30 M1z to about 300 MHz and is one of the RF bands,
whi ch r angesignahgensyator 890 ¢aypledbtrupugh aineaprtional impedantd datemcircying1 YHF
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5505 may be formed of materials such as molybdenum and aluminum respectively.
The insulation layers 5510 and 5520 may be formed of materials such as
aluminum nitride or alumina. The conductive mesh layer 5515 supplies the RF
bias voltage to control ion bombardment energy at the surface of the wafer 110.
The conductive mesh 5515 also can be used for electrostatically chucking and de-
chucking the wafer 110, and in such a case can be connected to a chucking
voltage source in the well-known fashion. The conductive mesh 5515 therefore is
not necessarily grounded and can have, alternately, a floating electric potential or
a fixed D.C. potential in accordance with conventional chucking and de-chucking
operations. The wafer support 105, in particular the metal pedestal layer 5505,
typically (but not necessarily) is connected to ground, and forms part of a return
path for VHF power radiated by the overhead electrode 125.
[0036] In order to improve the uniformity of impedance across the substrate
support, a dielectric cylindrical sleeve 5550 is designed to surround the RF
conductor 5525. The axial length and the dielectric constant of the material
constituting the sleeve 5550 determine the feed point impedance presented by the
RF conductor 5525 to the VHF power. By adjusting the axial length and the

dielectric constant of the material constituting the sleeve 5550, a more uniform



may be formed of materials such as nol ybdenum and al um num respectively.

The insul ation |layers 5510 and 5520 may be fornmed of nmaterials such as

al um numniitride or alum na. The conductive mesh | ayer 5515 supplies the RF
bi as voltage to control ion bonbardment energy at the surface of the wafer
110. The conductive nesh 5515 al so cag be used for electrostatically
chucki ng and de- chucking the wafer 110, and in such a case can be connected
to a chucking voltage source in the well-known fashion. The conductive nesh
5515 t her ef sadial dlistribtitiore ©fsipwedapcgreamdeed attathedarfohanere ahifemnatagagitive
floating electrjc Bﬁ ﬁgtial or a fixed D.C. potential in accordance with
conventionapogﬁhgk 8 ﬁH“HE?BRWFking operations. The wafer support 105, in
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capaci tive Heflbbiwtdrodnd/sEpsaticl esmeiuctildOdifldeA 176randtabigMgotestrdyzs or 165
at the far end 135a of the stub 135 shorts the i nner and outer conductors
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el ectrode 125 via a conductive cylinder_or support 176, A dielectric ring
180 is hel darsetslearicalRpterialdiferencae dhruikereiredyay hagonstrecigdofimetal,
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thi s feat urdinesli 0hialeds wasi ikkets 172 in or adjacent the overhead electrode 125 while the
metallic coolant line 173 feeds coolant passages or jackets 174 within the
overhead electrode 125.
[0039] As described earlier, unconfined plasmas cause etch-byproduct
(typically polymer) deposition on the chamber walls and could also etch the
chamber walls. Etch-byproduct deposition on the chamber walls could cause the
process to drift. The etched materials from the chamber walls could contaminate
the substrate by re-deposition and/or could create particles for the chamber. In
addition, unconfined plasmas could also reach the downstream areas of the
processing zone and cause etch-byproduct, which is typically polymer, deposition
in the downstream areas. The etch-byproduct deposited in the downstream areas
is difficult to clean. The accumulated etch-byproduct can flake off and result in
particles. To reduce the particle issues and cleaning time, a slotted confinement
ring 50 (see Figure 2 prior art) placed around the wafer 110 and between the
overhead electrode 125 and substrate support 105 had been previously proposed.
[0040] Figure 2 (prior art) illustrates a perspective view of a slotted
confinement ring 50 that has been previously proposed to confine plasma. The
details of the slotted confinement ring 50 are further described in commonly

assigned U.S. patent application serial number 10/418,996, entitied “Apparatus



typi cal plasma reactors, the gas line 170 and the coolant line 173 do not
cross large electrical potential differences. They therefore may be
constructed of .nmetal, a |ess expensive and nore reliable material for such
a purpose. The netallic gas line 170 feeds gas inlets 172 in or adjacent

t he overhead el ectrode 125 while the @ptallic coolant line 173 feeds

cool ant passages or jackets 174 within“the overhead el ectrode 125. [0039]

As described earlier, unconfined plasmas cause etch-byproduct (typically
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particle issues and cleaning tinme, a slotted confinenent ring 50 (see

Fi gure 2 pringchanioal psteanaih deodhe eorfingament 1ing 26d Bbeveeaiflet e definashead
el ectrode 1 bgiratg s t 1 F evi |y _pro

[0040] *Fi gupBeNEor Boft I o BBRRI o; e BHSaREE 2 Eolidinbar ' CPERaPe dhe

confi nement showerigad bﬁtheh?&sbﬁ@tlﬂibnﬁmipm@ V2P oPHAEdabos dlonfind ehidughnte The
details of the slotted confinenent ri nﬁ1 50 are further described in commonly
assi gned U. shoyathead wilhbe eanfived véthimfhenpiasessing/regwnods insige the baffle 55.
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reference. Wisposkdtaround thbevafenfliigenseltraisnig the plabmea afecorfgesd tggmss
m xture to pass throu%h and reduce the flow resistance across the chanber
100. The coMiPHedhe siats g7 Jto thaPlemi’ 1d2paff1 e 55 and a base 58 coupled to
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ring 50. Theohfxidrhenbandahé reistsaB? in the confinement ring 50 reduce flow resistance
across the chamber 100 low enough for most applications, for some FEOL
applications, the flow resistance is too high. As described earlier, front end of line
(FEOL) applications, such as contact etch and high aspect ratio trench etch,
require relatively low process pressure (e.g. < 30 mTorr) and high total gas flow
rate (e.g. between about 900 sccm to about 1500 sccm). The flow resistance
created by the slotted confinement ring could make the chamber pressure rise
above the required low pressure range for these applications. Therefore, there is
a need to design a confinement ring that not only confines plasma but also further
reduces flow resistance.
[0042] Since plasma density is relatively low near the wall, an annular ring
placed around the substrate 110 with a distance (or gap) from the inner chamber
wall 128 could possibly have the same level of plasma confinement as the slotted
confinement ring design, and yet decrease the flow resistance. The distance (or
gap) between the edge of the annular ring and the inner chamber wall 128 can not
be too large. If the gap distance is larger than the plasma sheath thickness near
the chamber wall, it could increase the amount of plasma being drawn away from
the reaction zone above the wafer and toward the chamber wall and downstream,

which makes the plasma less confined. The distance (or gap) between the edge



opening 70 at its top portion. The opening 70 is configured to receive the
shower head of the gas distribution plate 125 so that gases flow ng through
the showerhead will be confined within the processing region 72 inside the
baffl e 55. The baffle 55 further includes a plurality of slots 57 and a
plurality of fingers 59, disposed aroynd the wafer 110. Neutrals in the

pl asma are configured to pass through'the slots 57 into the plenum 112.

[ 0041] Although the slotted confinenent ring 50 provi des good pl asna

conf i nenment ohitle tameutdroing Bndithetineec shamberwvall 128 gabnot geut@@ s$mell either,
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confinement ring that not only confines plasma but also further reduces
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I ncrease to "an unaccepta efore, an annul ar plas conf i nenent
ring, placetbwest point of the dielectric ring 120 should be below the lowest point of the

conductive mesh layer 5515. The top surface of the annular ring 115 should be at
about the same surface plane as the substrate 110 to allow substrate 110 to be
placed properly on the substrate support 105 and to minimize flow re-circulation.
The top surface of the dielectric ring 120 could be at the same height as the top
surface of substrate 110 and the top surface of the annular ring 115, as shown in
the embodiment in Figure 3A. The top surface of the dielectric ring 120 could also
be slightly lower than the top surface of substrate 110 and the top surface of the
annular ring 115, as shown in another embodiment in Figure 3B. In the
embodiment shown in Figure 3B, the plasma confinement annular ring 115 is
place on top of the dielectric ring 120.

[0044] The annular ring 115 is away from the inner chamber wall 128 at a gap
width 117. The thickness 119 of the top section of the annular ring 115 should not
be too thick, since the flow resistance would increase with increasing thickness
119. In one embodiment, the thickness 119 is in the range between about 1/8
inch to about 1/4 inch. The corner 118 of the annular ring is used to provide the
annular ring mechanical strength, since the top section with thickness 119 is
limited in its thickness and mechanical strength. Structures other than the corner

118 that can provide mechanical strength can also be used.



around the substrate 110 with a suitable distance fromthe inner chanber
wall 128, is proposed to neet the requirenent of good plasma confi nenent
and low flow resistance. [0043] Figure 3A shows a schematic draw ng of an
enbodi ment of the processing chanber with an annul ar pl asnma confi nenment
ring 115. The annular ring 115 could made of conductive materials, such
as silicon carbide (SIC) or alumnum (A ). The annular ring 115 surrounds

the wafer 110. The annul ar ri n? 115 is coupled to the grounded chanber body
127 and i s €0@4R] i clal prdesdpabeitasundarsiandhidesinmeaat Af theuga idthod 1B ytogthe
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surface of substrate 1 and the top surface o annu ring 115, as
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111 of Figure 1B. The chamber inner radius is 27 cm and the distance between

the wafer 110 and the lower surface of the top electrode 125 is 3.2 cm. The

chamber pressure data are collected at 6.8 cm away from the wafer center and

right above the wafer. The below-ring pressure data are collected right beneath

the slotted confinement ring. The results show a good match between the
simulated and experimental results. The results also show that the slotted
confinement ring has relatively high flow resistance and increase the pressure

inside the reaction chamber significantly above the pressure set value.

Gas “Set” Measured | Simulated | Measured | Simulated
Flow Pump Chamber Chamber | Below-Ring | Below-Ring
(sccm) Pressure Pressure Pressure Pressure Pressure
(mTorr) (mTorr) (mTorr) (mTorr) (mTorr)
2000 40 55.6 58.8 40.2 43.5
900 10 21.5 25.0 11.6 14.5
900 40 46.5 49.3 40.2 41.6

Table 1 Experimental and simulated chamber pressure and below-ring pressure

comparison.




11 [0045] In order to better understand the inpact of the gap width 117 to
the effectiveness of plasnma confinenent and the chanber pressure, chanber
pl asma density and pressure sinulations have been conducted for the annul ar
ring design and the slotted ring design for conparison. For chanber
pressure sinulation, conputation quigbdynanics (CFD) software CFD- ACE+ by
ESI group of France is wused. CFD-ACE+ Ts a general, partial differential
equation (PDE) solver for a broad range of physics disciplines including:
flow, heat transfer, stress/deformation, chem cal kinetics,
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Figure 2. | mohgiplasra prbsegintoraaictssuDktaits shcutimlase deneig gintulagén velthie for
punp 111 of Figure 1 B. The chanber inner radius is 27 cmand the distance
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cm The ch r e d C . nC ] er
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col | ected ri2ghB dicoaaid of tApplisd BHysitsc voilinte821(6), 1009. Theeplaswual dimutdhomisa
good match between the sinulated and experinental results. The results al so
show t hat t Medelyaiseddn the semicansdyctariaqyinmagnt BAgsin.e Qurigxgrrienemsheys dhaince
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(sccm Pressur ePressur ePressurePressur ePressu

re . . .
(niror r) ( nTod®94HTor F T PR RATNG Hesignoitssmtgtiannchugpssoap width 117 from
9001021. 52500 Il 8 inch. The process condition simulated resembles the contact etch

and deep trench etch mentioned previously. High gas flow rate of 1500 sccm is
used to simulate high gas flow rate. The process gas only includes O,, instead of
including other types of process gases, such as C4F¢ and argon (Ar), to simplify
the simulation. For plasma confinement study that compares degree of plasma
confinement as a function of the gap width 117, using only O, gas in simulation
could provide learning of the impact of the gas distance 117 on plasma
confinement. The top electrode power (or source power) simulated is 1.85 KW
and the gas temperature is 80°C. The total source power is 1.85 kW. The top
electrode voltage (or source voltage), Vs, is typically between about 100 to about
200 volts. 175 volts of Vs has been used in the simulation. The radius of the
substrate (or wafer) is 15 cm (or 6 inch) and the spacing between the top
electrode to the substrate is 3.2 cm (or 1.25 inch). The radius of inner chamber
wall 128 is 27 cm (or 10.6 inch). The width of the dielectric ring 120 is 2.2 cm (or
0.87 inch) and the width of the annular plasma confinement ring 115 simulated
varies between 8.5 cm (or 3.3 inch) to 2.2 cm (or 0.9 inch). The spacing between
the annular confinement ring 115 with the inner chamber wall 128 simulated
varies between 1.3 cm (or 0.5 inch) to 7.6 cm (or 3.0 inch).

[0048] Figure 3C shows plasma simulation results for the plasma chamber

described in Figures 1 with an annular ring 115 described in Figure 3A. In a low



9004046. 549. 340.241. 6 Table 1 Experinental and sinul ated chanber pressure
and bel owring pressure conparison. 12 [0046] The chanber plasma density
simul ation . uses the hybrid plasma equi prent nodel (HPEM, devel oped by the
Departnment of Electrical and Conputer Engineering of University of Illinois
at Ur bana- Chanpai gn, Urbana, 1llinois;,The HPEMis a conprehensi ve nodeling
platformfor | ow pressure (<10's Torr} pl asma processing reactors. Details

about plasma density sinmulation by this sinmulator can be found in an
article, tiPrespurarplapmeechambsr.ePresssieiand Iplastadi densiegiR gt ppMpletely2
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wi dth of thendivgl et d.084rpIASMAZ ersity2rafioCabtafed for the slotted confinement ring
design. The 35.3 mTorr chamber pressure and 0.004 plasma density ratio are
both obtained from simulation results. Since slotted ring design does not vary the
gap width 117, the dashed lines 301 and 302 are horizontal lines. Curve 311
shows chamber pressure as a function of gap width 117, while curve 312 shows
plasma density ratio as a function of gap width 117. For annular ring design at 0.5
inch gap width, the chamber pressure is found to be 35.8 mTorr, which is higher
than the slotted confinement ring design, and the plasma density ratio is 0.00013,
which is lower than the slotted confinement ring design. Although the lower
plasma density ratio is desirable, the higher chamber pressure is not. When the
gap width 117 is increased to 1 inch, the chamber pressure reduces to 27.9
mTorr, which is lower than the slotted ring design and lower than the low pressure
requirement of < 30 mTorr for front end process, and the plasma density ratio is
0.002, which is still lower than the slotted ring design. When the gap width 117 is
increased to 1.5 inch, the chamber pressure further reduces to 26.2 mTorr, and
the plasma density ratio is 0.023, which is higher than the slotted ring design but
is still relatively low. As the gap width 117 increases beyond 1.5 inch, the effect of
the wider gap width 117 in lowering the chamber pressure is reduced; however,

the plasma density ratio continues to increases.
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Gas “Set” Chamber Chamber | Below-Ring | Below-Ring
Flow Pump Pressure Pressure Pressure Pressure
(sccm) Pressure (mTorr) (mTorr) (mTorr) (mTorr)
(mTorr) Slotted Annular Slotted Annular
Ring Ring Ring Ring
2000 40 58.8 54.1 43.5 447

Table 2 Comparison of simulated chamber pressure and below-ring pressure for

slotted confinement ring and annular ring with 1 inch gap distance from the

chamber walls.

[0051]

Figure 3D shows the simulation result of plasma density in the process

chamber when the gap width 117 is 0.5 inch, wherein the plasma density ratio is

0.00013. The X-axis is the distance from the center of the process chamber and

the Y-axis the distance from 3.9 cm below the top surface of the substrate support

105. The results show that the plasma is relatively confined within the region

above the substrate. Unfortunately, the chamber pressure is 35.8 mTorr, which is

higher than the specification of < 30 mTorr. Figure 3E shows the simulation result

of plasma density in the process chamber when the gap width 117 is 3 inch,
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gap width 117 is increased to 1 inch, the chanber pressure reduces to 27.9
mlrorr, which is lower than the slotted ring design and | ower than the | ow
pressure requirenment of < 30 mforr for front end process, and the plasm
density ratio is 0.002, which is still lower than the slotted ring design.
When the gap width 117 is increased to:1.5 inch, the chanber pressure
further reduces to 26.2 niforr, and the plasma density ratio is 0.023, which
is higher than the slotted ring design but is_still relatively |ow. As the
gap wi dth 1y~mqrﬁl@r s lagey odensitysratiec ks G he efheciespits shew \thaketheygpiswiadt h
117 in Iomer n _however, the plasma
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is 0.023, which is reasonably low. Therefore, the gap width 117 should be kept

below 1.5 inch.

[0053] To further improve the plasma confinement, the concept of lowering the
top electrode voltage to reduce voltage drop between the top electrode 125 and
chamber walls 128 has been investigated. Typically, the source power is mainly
supplied through the top electrode at a source voltage, Vs. If the top electrode
voltage is lower at a fraction, f, of the source voltage at fVs and the cathode, which
is formed by the substrate support 105 and the wafer 110 during substrate
processing maintains a voltage of —(1-f)V;, the voltage difference between the top
electrode 125 and the cathode, which is formed by the substrate support 105 and
the wafer 110 during substrate processing, is kept at the same voltage value, Vs,
but the voltage difference between the top electrode 125 and the grounded
chamber walls 128 will be lowered to fVs. Lower voltage difference between the
top electrode 125 and the ground chamber walls 128 would reduce the amount of
plasma being drawn to the chamber walls 128. The way to supply the source
power at a lower top electrode voltage, fVs, and to maintain the cathode at a
negative phase from the top electrode at —(1-f)Vs is by adjusting the impedance of
chamber components associated with the top electrode 125, the cathode, which is
formed by the substrate support 105 and the wafer 110 during substrate

processing, and chamber walls 128. When the wafer 110 is not present in the



Tabl e 2 Conparison of sinulated chanber pressure and belowring pressure for
slotted confinenent ring and annular ring with 1 inch gap distance fromthe
chanber walls. [0051] Figure 3D shows the sinulation result of plasna
density in the process chanber when the gap width 117 is 0.5 inch, wherein
the plasma density ratio is 0.00013. Qe X-axis is the distance fromthe
center of the process chanber and the axis the distance from 3.9 cm bel ow

the top surface of the substrate support 105. The results show that the
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been i nvest vgpA§s -betWBbR ahkYtop RfeciRideCg2900RY dathdBd, Nviich is formed by the
substrate support 105 and the wafer 110 during substrate processing, when the
top electrode voltage is at +Vs. The voltage difference 411 between the top
electrode 125 and the cathode when the top electrode voltage is at +Vs equals to
Vs. Dashed curve 402 represents the voltage between the source and the
cathode when the source voltage is at -V5. The voltage difference 412 between
the top electrode 125 and the cathode when the top electrode 125 voltage is at -V
equals to -Vs.
[0055] Similarly in Figure 4B, curve 403 represents the voltage between the
source and chamber walls when the top electrode 125 voltage is at +Vs. The
voltage difference 413 between the top electrode 125 and the chamber walls 128
when the top electrode voltage is at +Vs equals to Vs. Dashed curve 404
represents the voltage between the top electrode 125 and the chamber walls 128
when the source voltage is at -Vs. The voltage difference 414 between the top
electrode 125 and the chamber walls 128 when the top electrode voltage is at -V
equals to —Vs.
[0056] By tuning impedance of the substrate support 105 and the impedance
of the dielectric seal 130, which will be described below in more depth, the source
voltage supplied to the top electrode can be reduced to a fraction of the total

source voltage, such as half (V¢/2), while the cathode voltage is maintained at a



supplied through the top electrode at a source voltage, V. If the top
el ectrode voltage is lower at a fraction, f, of the source voltage at fVs

and the cathode, which is fornmed by the substrate support 105 and the wafer

110 during substrate processing nmaintains a voltage of -(1-f)Vs, the

vol tage difference between the top el?ftrode 125 and the cathode, which is

formed by the substrate support 105 and the wafer 110 during substrate
processing, is kept at the sane voltage value, V5, but the volta
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a lower top electrode voltage, fVs, and to maintain the cathode at a
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[ 0054] Figure ows the relative voltage va op electro
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substrate processing), lch i rounded. Figure 4B shows the relative
vol t age vaﬁ&e& 6‘9”@9‘6ﬁogllsechaégég1%V%rﬂfl)6dﬁﬂ%%ﬁmﬁdh?sVOitﬁ‘S,erbﬁfW@ﬁ”i e top
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el ectrode 1 or e e substrate support
and t he subdliffaxércel 406 bmtweenribe teprdlecesdec habizead thel ¢ath@d8. . whdrethie sbamees

of X-axes are,not.to e. Th p el ectrode voltage oscill ates between
+VS and -VSYOWqﬁﬁaT%@qﬁﬂa?eﬁy)ﬁber wal |'s stay at 0 (ground). The bul k

of ‘the plasgnd|s anveidagesbhabule hhBhRprbdats e oRBgE! SEidRAe thy B
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which is nuCch srmaller than Vs. Curve 401 represents the “voltage between the

top el ect r ogtectp8eaand chahdztr, wald dgraundied) mdterbyhe Hep electrode voltage is at
+Vy/2. The voltage difference 417 between the top electrode and chamber walls
(grounded) when the top electrode voltage is at +V¢/2 equals to V¢/2. Dashed
curve 408 represents the voltage between the top electrode and the chamber
walls when the top electrode voltage is at —V¢/2. The voltage difference 418
between the top electrode and the chamber walls when the top electrode voltage
is at —=V¢/2 equals to —V¢/2. By tuning the impedance of the cathode to lower the
voltage at the top electrode, the voltage difference between the top electrode and
the chamber walls could be reduced to half of the original value. Since the
voltage difference between the top electrode and the cathode is larger (Vs) than
the voltage difference between the top electrode and the chamber walls (V¢/2), the
plasma ions are more likely to stay in the region between the top electrode and
the cathode than get pulled to the chamber walls.
[0058] In addition to lower voltage difference, the amount of power that could
be lost due to un-confined plasma is also reduced to 1/4. The equation 1 below
shows the relationship between P (power) and voltage difference between the top

electrode to the chamber walls when the top electrode voltage is Vs.

P o (V)2 = V2 (1)



substrate support 105 and the wafer 110 during substrate processing, when
the top electrode voltage is at +Vs. The voltage difference 411 between the
top electrode 125 and the cathode when the top el ectrode voltage is at +VS
equals to Vs. Dashed curve 402 represents the voltage between the source
and the cathode when the source voltagg is at -V5. The voltage difference
412 between the top electrode 125 and the cathode when the top el ectrode
125 voltage is at -VS equals to -Vs. [0055] Simlarly in Figure 4B, curve
403 represents the voltage between the source and chanber walls when the
top el ectrode 125 voltage is at +Vs. The voltage difference 413 between the
top el ectrode 125 and the chanber walls 128 when the top el ectrode voltage

is at +V5 e00b9] t OTNE .equasibr® delone shows theprebstivmiship betwadr &g¢pdwadrivesi t he
top el ectrode 125 and the chanber walls 128 when the source voltage is at

-Vs. The volvHgee diiffarepen betwaen e Jrladiededp thel chambriewabs Wien theetop

chanber wal | v%ehg ectrode voltage is at -Vs equals to -Vs.
[ 0056] By tl?srfﬁ%g)%lenpe §%Q§°@W¥%‘ substrate support 105 and the inpedance

of the dielectric seal 130, which will be described belowin nore depth, the
source voltage supplied t t/1232t0p el ﬁégtrode can be reduced to a fracgjon
of the total source \Pol"faéé, uck ¥s Hhl f (Vs/2), while the cathode v )tage
is maintained at a 17 negative phase of the top el ectrode to make up the

di fference, such as -Vs/2. The plasna process does not change, since the
vol t age di f By wmezingethectp tleetredenodtagand el hloel @oveersdvdilabMStooltoseMs. the

Fi gure 4C shows the rel ?itti ve val ues of el ectrode 125 and the cathode
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the voltage between the top .
confinement is called impedance confinement. The fraction of total source voltage

used in the discussion above is 1/2; however, other fraction values can also be
used and could also improve plasma confinement. The fraction of source voltage
supplied at the top electrode can also be defined as “voltage ratio”. Figure 5A is a
graph of the plasma density simulation result of voltage ratios of 1, 0.75, 0.5 and
0.25. The pressure at the pump entry of the simulation process is 10 mTorr and
the total source power is 1.85 kW. The spacing between the annular confinement
ring 115 with the inner chamber wall simulated is 1.5 inch (or 3.8 cm). Curve 501
shows that as the voltage ratio decreases from 1, the plasma density ratio is
reduced. The plasma density ratio of 0.001 is lowest when the voltage ratio is at
0.5. However, plasma density ratio of 0.003 when the voltage ratio is at 0.25 and
plasma density ratio of 0.008 when the voltage ratio is at 0.75 are both lower than
the plasma density ratio when the voltage ratio is 1.

[0061] Figure 5B shows the simulation result of plasma density of 0.023 in the
process chamber when the voltage ratio is 1 (or source voltage is completely
supplied at the top electrode). The simulation results show significant amount of
plasma are outside the region above the substrate. Figure 5C shows the
simulation result when the voltage ratio is reduced to 0.5. The results show that

plasma is mostly confined near the region above the substrate surface. Referring



el ectrode 125 and the cathode when the source voltage is at -VS/ 2. The
voltage difference 416 between the top el ectrode 125 and the cat hode when
the source. voltage is at -Vs/2 equals to -V5. [0057] In Figure 4D, curve
407 represents the voltage between the top electrode and chanber walls
(grounded) when the top electrode voltage is at +Vs/2. The voltage
difference 417 between the top el ectrode and chanber walls (grounded) when
the top electrode voltage is at +VS/2 equals to VS/ 2. Dashed curve 408
represents tiaekiolhigye fg@t wite rgaphwidtle f ell- 2 d.r ibeep@aguiehefl hieachasnbemngan Henhen

the top of cltdiBfiinddht ARG 3o ArnToT, ich IR ER 38fin T ol &L PGS octbiMe? S
at -VS/ 2 equelBigle S5X53. adhieddlthé Gantie plagrad asuiinednit ercealtd @@etHeo slabear
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reduced to equat 1 on elow “Sshows the relationship between P
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0.75 and pretferably between about 0.2 to about 0.6.
[0063] In addition to plasma confinement improvement, lowering the voltage
ratio also reduces the power loss outside the process region. Figure 5D shows
the simulation results of power deposition, which is defined as power per volume
or power density, in the process chamber when the voltage ratio is maintained at
1. The results show significant power deposition outside the process region,
which is above the substrate surface or the region within 15 cm from the center of
the reactor. In contrast, Figure 5E shows the power deposition of the process
chamber when the voltage ratio is 0.5. The power loss outside the process region
is much reduced, compared to Figure 5D.
[0064] Figure 6 is a simplified schematic diagram representing the impedance
components of the reactor 100 of Figure 1, showing the overhead electrode 125,
which has an impedance Z;. The electrode125 is connected to the dielectric seal

130, which acts like a capacitor and has an impedance Zs.

[0065] The cathode is formed by the substrate support 105, which has
dielectric layers 5520 and 5510, and the wafer 110 during substrate processing,
and the cathode has an impedance Zs. [f the wafer 110 is not present during
processing, the substrate support 105 is the cathode. In addition to the overhead
electrode 125 impedance Z; and cathode impedance Zs, the bulk plasma also has

impedance Zz. In addition, there is an anode plasma sheath represented by an



remai ni ng voltage supplied to the top electrode at a negative phase to the
substrate support reduces the anmount of plasnma got attracted to the grounded
chanber walls and thus inproves plasna confinenent. This nmethod of plasna
confinement is called inpedance confinenent. The fraction of total source
vol tage wused in the discussion above é@ 1/2; however, other fraction val ues
can al so be used and could also inpro pl asma confinenment. The fraction of
source voltage supplied at the top el ectrode can also be defined as

"vol tage ratiqgvalaritggapagiior yvith igngslanee the irpl sglins desivieey dheuetgdtiode
result of v f 7 e._.a punp
entry of thgrjnégﬁﬁ (gﬁi aB&otgésg&k B% m onggargcgt e [ﬁﬂe‘?i@ﬁéce tB%fAH/e?J?je

1.85 kW Theispasishgabtisvesitetbistednsylaar e nélene&aﬁacutcrrlwml edhhbe tAein
i nner chanber wall sinulated is 1.5 inch ?Lgr 3.8 ¢ 1 shows that

as the vol t 8§6€$ Q@tve)e%thee%b@laarwmpe@wepla%w%@@hpgleﬂrapeean%e Zs.educed.

The pl asna ty ra 0.400 g s

0.5. Hovveve?m]asna ?Cﬁjm {Dy rat%%dvz? 8}/&59 H: gﬁ*eieggen{r%{dlagclbs a§
0.25 and plresamm‘}er(ﬁa tand edpazitahce. r@@caambemxg)he“y\/mll équtiorat iio ansinedgifanys
are both Iower than the plasma density ratio when the voltage ratio is 1.

[ 0061] Fi gutné'"y@rshows the simulation result of plasnma density of 0.023 in
the process chanber when the voltage ratio is 1 (or source voltage is
conpletely supplied at the top electrode). The sinmulation results show
significant anount of plasnma are outside the region above the substrate.
Figure 5C shows the &i#iH apdcon result when the voltage ratio is redudddl to
0.5. The results show that plasma is nostly confined near the regi on above
the substrate surface. Referring 19 back to Figure 3B, with gap width of 1.5
in, the pressure of the chanber can be nmmintained at about 26.2 niorr,

whi ch is belgyyadBn @T§h6w§9thbarregﬁfoﬁ§h|pA5§Mé@nnﬂwe EQpAUIGICE reActdneddq %Yl@ the
sanme plasma confinenent results as the slotted confinenment ring, whi ch

achi eves pl @epacitanesi€©y ratio of 0.004, the voltage ratio can be operated
bet ween about 0.2 to about 0.6. However, when plasma density ratiois <
0.01, the plasma confinenent is considered quite reasonable. Therefore, the
voltage ratio could be operated between about 0.1 to about O0.75,

X, =1/(2nfC) (2)

where f is the frequency of the source power and C is the capacitance.

[0067] Figure 6 shows that the top electrode 125, anode plasma sheath,
plasma, cathode plasma sheath, and cathode are in serial and these impedance
components are in parallel with the dielectric seal 130. Equation 3 shows the total

impedance, Zita.
Ztotal = Z1 + 1/ (1/(Zg+23+24+25) + 1/26) (3)

[0068] Since the top electrode is typically made of conductive material, its
impedance Z is mainly made of the resistance of the top electrode. Z,, Z3 and Z4
are affected by the plasma. However, impedance Z5 and Z6 can be adjusted by
changing the thicknesses and dielectric constants of the dielectric layers of the
substrate support 105, and the dielectric seal 130. The magnitude of the cathode

impedance can be affected the cathode capacitance. Z5 and Z6 can be adjusted



according to sinmulation results in Figure 5A. [0062] The conbi ned usage of
annul ar plasma confinenent ring and inpedance confinenent achi eves good

pl asma confinenent and | ower chanber pressure as desired for the front end
processes with a wi de process window. The annular ring gap width 117 coul d
be between about 0.8 inch to about 1.5,jnch and the voltage ratio for

i npedance confinenment could be between about 0.1 to about 0.75 and
preferably between about 0.2 to about O.6. [OOGSL In addition to plasma
conf i nenent t¢ @lipwy eupplying B tompledteodm(iRagat ar Hactomiol carwentieralt seurgewer

pover depos. 2ige Wi 4 et dRens A MYBiads TGS RERLERE DS 1

the processtaphareaodahgnif\he voltage ratio is maintained at 1. The results
show si gni fi cant power gggosition outsi de the process re%ion which is

above the s{#8%at e Whiedbe fereqoing iscgjrastedta BMbodimenistoidhetimeention: ethest

t he reactor - EL gur : t : bt ;

process ChSHEQPHQEQ%H®E8"@%ﬁ?éﬁéﬁggﬁﬁﬁwﬁg'ﬂ?gEﬁﬁﬁ%”%%ﬁgﬁhﬁggQeﬁé?@gﬁgmphe
process regtlnbasic suipe thedesfedndaheaopd therdof dgsidetearthingd GydtheRdlgimietitati s a
sinplified schematic diagramrepresenting the i npedance conponents of the
react or 100“3P“Figure 1, show ng the overhead el ectrode 125, which has an

i npedance Z1. The el ectrode-125 is connected to the dielectric seal 130,

whi ch acts |i ke a capacitor and has an inpedance A [0065] The cathode is
formed by the substrate support 105, which has dielectric |layers 5520 and
5510, and the wafer 110 during substrate processing, and the cathode has an
i npedance Z5. If the wafer 110 is not present during processing, the
substrate support 105 is the cathode. In addition to the overhead el ectrode
125 inpedance Z, and cat hode i npedance Z5, the bulk plasma al so has

i npedance Z3. In addition, there is an anode plasnma sheath represented by an
20 equi val ent capacitor with inpedance Z2 in series between the el ectrode

i npedance Z, and the bulk plasma i npedance Z3. Furthernore, a cathode

pl asma sheath is represented by an equi val ent capacitor with i npedance Z4 in



series between the bul k plasma i npedance Z3 and the cathode inpedance Z5.

[ 0066] Equation 1 shows the rel ationship between inpedance (Z), resistance
(R) and capacitance reactance (Xe). "j" in equation 1 is an inmaginary
nunber. Z=R - jXC (1) Equation 2 shows the relationship between the

capaci tance reactance (X ) and capacijance C. Xo = 1/(2 n f C (2) where f
is the frequency of the source power and Cis the capacitance. [0067] Figure
6 shows that the top el ectrode 125, anode plasna sheath, plasm, cathode

pl asma sheaf@iMsid cat hode are in serial and these inpedance conponents are
in parallel with the dielectric seal 130. Equation 3 shows the total

i npedance, Ztota. Ztota = Z, + 1/ (1 /(Z22+Z3+Z4+Z5) + 1 /Z6) (3) [0068]
Since the tap el Antamsiraius dorfigasdd o omxfineod plasrda elithte ansibstratd pracessing

i npedance Z, i;s mainly made of the resistance of the top el ectrode. Z2, Z3
and Z4 ar e"diPRcOMANGY PrREesSSING nd. SHBSKEREr INi FpeRiadma BIOeeRFinG ehgmper,

adj usted by changing the thicknesses and dielectric constants of the
dielectric Fay rs gf the substrate support 105, and the dielectric seal

130. The magni t udesubktrateeswgidrobaving wpedamerecdieldotricalhlyers; ed t he cat hode

capaci tance. Z5 and Z6 can  be adjusted 21 to all ow supplying the top
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of the i nvegtealer, thanherout &ritlinfchrto ledroue ttoidcheand of the i nvention may be
devi sed wi t hout departi.n t he, basi c SCOFre t hereof,, and the SCOPethe

from ,
thereof is deterfi H@de?}ﬂgt ﬁ"éﬁcﬁéf?"ﬂ’éj thdPP elgcirggle wherein impedances o

dielectric seal and the substrate support lower a voltage supplied to the top

electrode to a voltage ratio of the supplied voltage during plasma processing.

2. The apparatus of claim 1, wherein the voltage ratio is between about 0.1 to
about 0.75.

3. The apparatus of claim 1, wherein the voltage ratio is between about 0.2 to
about 0.6.

4. The apparatus of claim 1, wherein the voltage ratio can be adjusted by
adjusting the impedances of the dielectric seal, the substrate support or a

combination thereof.

5. The apparatus of claim 1, wherein the thickness of the top layer of the

annular ring is between about 1/8 inch to about 1/4 inch.

6. The apparatus of claim 1, wherein the pressure in the plasma processing

chamber decreases with the increase of the gap width during plasma processing.

7. The apparatus of claim 1, wherein the chamber pressure is maintained at
less than 30 mTorr when the total gas flow rate equal to or less than 1500 sccm

during processing.



22 Clains: 1 . An apparatus configured to confine a plasma wthin a
substrate processing region during processing a substrate in a plasna
processi ng chanber, conprising: a substrate support having one or nore
dielectric layers; an annular ring around the substrate support, wherein
there is a gap between the annul ar riQ? and process chanber walls gap width
equaling to or greater than about 0.87Tnch to about 1.5 inch; and a
dielectric seal around a top el ectrode wherein inpedances of the dielectric
seal and t h&. subdiheaarpasapisodft claighnds w&l%nttag@lésmmqo%ne@enhes fnaproved by

or ocessi ng. 7 HfuEERRo; Ahubriy bRBHRIIRe yRad LR C! MRS 83BRode to o

bet ween abowblt&gd rdtid of&helﬁupﬁh&divoBagél'H&rll@g)phrsa’iaJprdﬁessingl m 1, wherein the
voltage ratio is between about 0.2 to about 0.6. 4. The apparatus of claim
1, wherein the voltage ratio can be adjusted by adjusting the irrpedances of

the di el ect c seg| ﬁpﬁ%ﬁtlﬁu&?ﬁf gﬁfr&g ?(5”8 Rfite Q(rﬂ@%mﬁ%lﬂaé tj)FHrZ:etgPﬁllgel% iorPin The

appar at us o “claim erern hi c ness he 10 annul ar

ring is bet sesasmbqrbcdsding olsimber,atooprisidgt i nch. 6. The apparatus of claim
1, wherein the pressuLﬁql n the p Iasrrabﬁrocessi nﬁ chanber decreases with the
i ncrease of the GERARMMUYRTRLRAINGIRA adbrirale SEERIInyherein thrredpgaan betwsen
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when the total gas ow rat equ to or sccrn

processi ng. 23 8grditer dpagilzaul O.®inatl andmdt, grelarghan tileinghasma conf i nenent
is inproved by the annular ring, and/or by |lowering the voltage supplied to
the top electrode to a voltage ratio of the supplied voltage during plasma

processing. 1o,  The apparatus of claim 9, wherein the thickness of the top layer of the

annular ring is between about 1/8 inch to about 1/4 inch.

11.  The apparatus of claim 9, wherein the pressure in the plasma processing

chamber decreases with the increase of the gap width during plasma processing.

12.  An apparatus configured to confine a plasma within a substrate processing
region in a plasma processing chamber, comprising:
a substrate support having one or more dielectric layers;
a dielectric seal surrounding a top electrode, wherein impedances of the
the dielectric seal and the substrate support lower a voltage supplied to the
top electrode to a voltage ratio of the supplied voltage during plasma

processing.

13.  The apparatus of claim 12, wherein the voltage ratio is between about 0.1
to about 0.75.

14.  The apparatus of claim 12, wherein the voltage ratio is between about 0.2
to about 0.6.

15.  The apparatus of claim 12, wherein the voltage ratio can be adjusted by

adjusting the impedances of the dielectric seal and the substrate support.



9. An apparatus configured to confine a plasma within a processing region in
a plasma processing chanber, conprising: an annular ring around a substrate
support, wherein there is a gap between the annular ring and process
chanber walls with gap width equaling to or greater than about 0.8 inch and
not greater than 1.5 inch. 10. The ap atus of claim9, wherein the

t hi ckness of the top layer of the anntular ring is between about 1/8 inch to
about 1/4 inch. 11. The apparatus of claim9, wherein the pressure in the

pl asma procd8si ndhe@ppaisaius vé sladasEs whargirt the nl@@ﬂ@@@@flaememlaglapprﬂmd by
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conpri si ng: V@n@gg)am‘rag pla%mprdcebgm ng one or nore dielectric layers; a
dielectric seal surrounding a top electrode, wherein inpedances of the the

dielectric seal and the substrate support |ower a voltage supplied to the
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processi ng e ap ara ereln 10 1S

bet ween abosgtbéirdte ;irm@éymg inda ﬁ&sniaﬂproﬂ@esmgpﬁfamw odmpligingn 12, wherein the
voltage ratio is between about 0.2 to about 6. 15. The apparat us of claim
12, wherein the PRCiNgG? suaﬁr@tec%ma@élbaaﬁmm%vn aBlagea Pycersing mhagthifttes

of i1 diel GRh for? By AE. WhEraH AL [BSIaPARon B 1Y adllfaPiRg cpbitfa

claim 12, wherein | confi nerren

vol t age supahdeﬁenfeastd1gap¢xetwémtm@danu|@r angcdrtdagmceas; |cham°betr lnealisupith gag
vol tage during plasnma processing t hod of confini n% a plasma within
i

a subst r at e fiBRMWIAG 10 ngfﬁ?tﬂb‘fkﬁaﬁdror@@ﬁ@f‘l‘fg@e‘”ﬁ'ﬁ@)‘éé?@%b iRcky pl asma
processing chanbgg, @Sﬁ%ﬁgﬁ%ggse\%}ﬁﬁb%g Hfé;(térﬁara% ePAnd substrate support

in a plasma processi V\/ner ein the substrate
support has an aoredtiag a plagme iothe pldsma process chamber.

18. The method of claim 17, wherein the thickness of the top layer of the

annular ring is between about 1/8 inch to about 1/4 inch.

19.  The method of claim 17, wherein the pressure in the plasma processing

chamber decreases with the increase of the gap width.

20. The method of claim 17, wherein the chamber pressure is maintained at

less than 30 mTorr when the total gas flow rate equal to or less than 1500 sccm.

21.  The method of claim 17, wherein the plasma confinement is improved by

the annular ring.

22. A method of confining a plasma within a substrate processing region during
substrate processing in a plasma processing chamber, comprising:

placing a substrate on a substrate support in a plasma processing chamber
with a top electrode, wherein the substrate support has an annular ring around it
and there is a gap between the annular ring and process chamber walls with a
gap width equaling to or greater than from about 0.8 inch to about 1.5 inch, and
there is a dielectric seal around the top electrode;

flowing process gas(es) into the plasma chamber; and



and there is a gap between the annular ring and process chanber walls with
gap wdth equaling to or greater than from about 0.8 inch to about 1.5

i nch; flow ng process gas(es) into the plasm chanber; and creating a
plasma in the plasma process chanber. 18. The nethod of claim 17, wherein

t he thickness of the top |ayer of the 5annul ar ring i s between about 1/8
inch to about 1/4 inch. 19. The net hoo2 of claim17, wherein the pressure in
t he pl asma processing chanber decreases with the increase of the gap w dth.
20. The net hod ofregtingra plasMmEr die plasena REasse ghaslerrley syppiing: aiviedagdat

| ess than 30, h a t | n,,1500
sccm 21, T éfgrrgi{ hoéé"gggrctgl \Z?I%%t\%\/ﬂezrtéé %Y%({%'Z)tc%l ggblngh%or% |r'1r<]a'rr§§}:o“%?8i E?rtpgoved
by the annpbgdtivd pithsela. thé stibttiare efppeenfining a plasma within a substrate
processing region during substrate processing in a plasm processing
chanber, conprising: placing a substrate on a substrate support in a plasna
processing shanbey,, M‘éﬁmﬁg%ftc‘?@nf??c&vmpe% tM@%Eé@e 1% ﬁ@&we%heaﬁélﬁﬁﬂ tiohas
an annul ar ring around | an ere 1's"a gap between e annul ar Ting and
process chaabeut vabl s with a gap width equaling to or greater than from
about 0.8 inch to about 1.5 inch, and there is a dielectric seal around the
top el ectrode; flow ng process gas(es) into the plasma chanber; and 25
creating a phas j o] ; | i

a0 of theteour s arEaRy T pRrpReRT 837 VEacY (PR HolleR M 10
at a negat abeutthése at the substrate support. 23. The nmethod of claim 22,
wherein the voltage ratio is between about 0.1 to about 0.75. 24. The

nmet hod of claim 22, wherein the voltage ratio is between about 0.2 to about
0.6. 25. Thggnet ' eral hg. v i 0C qugt ed
by adj usti%%' thzﬂ‘?n@%g?rqgggn 0 mt \gg’ (ﬁHe %'T(r:]t ?‘lecgls)ga ar%g&t Q ggb%fﬁyg@g 69
support . adjusting the impedances of the dielectric seal and the substrate support.

26. The method of claim 22, wherein the thickness of the top layer of the

annular ring is between about 1/8 inch to about 1/4 inch.

27. The method of claim 22, wherein the pressure in the plasma processing

chamber decreases with the increase of the gap width during plasma processing.

28. The method of claim 22, wherein the chamber pressure is maintained at
less than 30 mTorr when the total gas flow rate equal to or less than 1500 sccm

during processing.

29. The method of claim 22, wherein the plasma confinement is improved by
the annular ring and/or by lowering the voltage supplied to the top electrode to a

voltage ratio of the supplied voltage during plasma processing.

30. A method of confining a plasma within a substrate processing region during
substrate processing in a plasma processing chamber, comprising:

placing a substrate on a substrate support in a plasma processing chamber
with a top electrode, and a dielectric seal surrounding the top electrode;

flowing process gas(es) into the plasma chamber; and



26. The nethod of claim 22, wherein the thickness of the top |ayer of the
annular ring is between about 1/8 inch to about 1/4 inch. 27. The method of
claim 22, wherein the pressure in the plasma processing chanber decreases
with the increase of the gap width during plasma processing. 28. The net hod
of claim 22, wherein the chanber pressg e is muintained at |ess than 30
nlforr when the total gas flow rate equ to or less than 1500 sccm during
processing. 29. The nethod of claim22, wherein the plasma confinenment is

i nproved by thecsatingad plasigadndheplagma greeessgcharbeb by sy@phingai «ltage t he

pr ocessi ng. T3t SheiRshEd o B the 8 BRI R AL PaRi B i g

regi on duri mggativdphasé at tHeosastialg ahd tihe plibstrate BUPPBRSI Ng chamber,
conprising: placing a substrate on a substrate support in a plasma
processing chanber wth a top electrode, and a dielectric seal surrounding
the top el egﬁf"der’he%%mdhg?%l?zﬁﬁ%% %Fe(r&ﬁ)thb'vo‘i‘taggeraﬁbﬁ%tﬁé‘&?%{)’t 81%026
creating a plasma I'n The plrasnma process charber By supplyrng a vo ?age
rati o of theboti0Fs.voltage at the top el ectrode and the renai ning vol tage
at a negative phase at the substrate and the substrate support. 31. The

nmet hod of claim 30, wherein the voltage ratio is between about 0.1 to about

0.2 %0 abodt-o. 8 eggoingiLal GarR sob WFFLR i oYakae i KeRuoh 2BLICER B0

be adj ust ed dbput 8d. usti ng the i npedances of the dielectric seal and the
substrate support. 34. The nethod of claim 30, wherein the plasm
confinement is inproved by |lowering the voltage supplied to the top

el ectrode bysa VElHARRHAGE 'S Ghint ', WRSiPdhe WRILEES Y LAY B AdfRted by

processi ng.
adjusting the impedances of the dielectric seal and the substrate support.

34. The method of claim 30, wherein the plasma confinement is improved by
lowering the voltage supplied to the top electrode by a voltage ratio of the supplied

voltage during plasma processing.



