1 METHOD AND APPARATUS TO CONFI NE PLASVA 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] Plasma processing of sem conductpr wafers in the manufacture of
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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 increase processing cost. [0005]
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[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 [0008] In another enbodi nent, an
apparatus configured to confine a plasm within a processing region in a

pl asma processi ng chanber conprises an annular ring surrounding the top
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[0010] 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 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 creating a plasma in the plasnma
process chamber by supplying a voltagetratio of the voltage supplied to the
top el ectrode and supplying the remaining voltage supplied to the top
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illustrate only typical enbodinents of this invention and are therefore not

to be considered limting of its scope, for the invention may admt to
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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 resuits 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 chanbey. [0019] Figure 3C shows the

sinmul ated results of plasm density rati o and chanber pressure as a
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as @ functio[rdogg;] VE!gtu? e4éatsL8Ws 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 plasm density
processi ng chanber when the gap wi dth between the annular ring
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chamber. The processing conducted in the plasma process chamber 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 (quaL}z) 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,
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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
alumnumnitride 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 nmesh 5515 al so carg 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
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floating el ectri. Lal _ar fixed D.C. potential in accordance wth
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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, entitled “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
the overhead el ectrode 125 while the tallic coolant line 173 feeds

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

As described earlier, unconfined plasms cause etch-byproduct (txpi cally
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particle issues and cleaning tine, a slotted confinenent ri n%550 see
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details of the slotted confinenment ring 50 are further described in comonly
assi gned U. Shopgrkead wipbe canfioad ythimithe pragassingy womro g8 ingide ithe daffle 55.
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100. The corifhiovghehe siata§750to thedilenys Hdbaffle 55 and a base 58 coupled to
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ring 50. Theodhfhémenbandahenfistsah7 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 throughlphe slots 57 into the plenum 112.

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

confi nenent dindetdrewaotiagahd thd ldet aianitsarewall ri2dgcathateskieso fsheall either,
resi stance across the chanber 100 | ow enough for nost applications, for
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ring coul d ned@e i$ REORPRAHEY Mueatdbareqriremenhvb@eoddlapegueonithement and LW e
range for these. ﬁgbggtions. Therefore, there is a need to design a
confinement ring at not only confines plasma but also further reduces

fl ow resi st 0043] [ 0F#tire SBACehpias BR sdieawiatiy dawiegabl el Yerhisodineat oéhehe
wal |, an annular ring placed around the substrate 110 with a distance (or
gap) from t HEoe@sRing Chamher witlthen arwellaropiramsoceenfiiementviing héSs athe papslar of
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distance is larger than the plasma sheath thickness near the chanber wall,
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either, since the flow resistance, which affects the chanber pressure,

woul d i ncr estandustiveumesintayepbanb doipewent dlineineting dhe effeghatibias pavemalhe

confi nement IB\iNggf pBIn{i‘Cothhe 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 aliow 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 ?ﬁ made of conductive materials, such
as silicon carbide (SiC or alum num (Al The annul ar ring 115 surrounds
the wafer 110. The annular ring 115 is coupl ed to the grounded chanmber body
127 and is ¢004%)i cm bderetpabauterduncﬂeretartm&lesijhpamtaofetrwgpprwidlma 1Bytcathe
dielectric &gfu g 32]120 whi.ch is neaqﬁ "}JFF? revent thehcoBduc

annul ar ring FFHVE ‘%ﬁ%‘h? BRMAFIHReTeRL Apgiae FIgMEGS PrEdiic EhIDPRER Sf'?ﬂ/er
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the dielectric ring shoul d be bel ow the | owest point of conducti ve
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sane height as the top surfac substrate 110 and the top surface of the

annul ar ringread, emgehowi i physibe edmouﬂmes]t includingur efldw, Theatt oprassfdrace
of the dielectricg,r 120 could al so ower th the

Surf g of - SHSHSTQMA T aEal ki alioh: SIReBhelistRonaa eIy | iSoives
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3B, the plasna confinement annular ring | ace on top of
di el ectric riseg fb2@on{;ﬂ@xm]uIﬂ'rb’rwsmnmhdimultldlgcmllﬁanysam»m;atubmsamFtoInéhe'a icaenent

chanber wal | 17 The thi ckn 119 of th ection
of the annuistidii g FIEFEmetile fbiie setiges Fiees. SrRgsuera RS BY e
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woul d increggg by |
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that can proypgde Seegabr? | bR Brédtr@tstrdR RSstessure set value for pump
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 10 215 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 wdth 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 qui? dynam cs (CFD) software CFD- ACE+ by
ESI group of France is used. CFD ACE+ ?s a general, partial differential
equation (PDE) solver for a broad range of physics disciplines including:
flow, heat transfer, stress/deformation, chem cal kinetics,

| ect hem . t o0t I t hem i rul tidi [ |. . (OD t
ARl Bt LN MENCHERR IR T R
and mul t1 di SeflhBAY B! (IPEM) SdeVindd by thee Bepatintisht of NEleciedl and

nodul e of the tware Is use Pressure si ation by using the
nodul e of CI»mplterskmgihaeong naft thesratypef illieoisabt nébahaCliampaignyddibanaabl e

1 shows co ?ri,so of simulation and experi r]tal results for a reagctor

desor i bed | NRPr E1e HEEN i 2. ameiehensiye Jae g piaRar ier lovhereasyid (906 i n
Figure 2. | : r iRuRsi for
punp 111 ot Agure s HOCRT AIERS ol BhAu! e BRI A Rlon 14T, <

bet ween t hasimafagor 44 banfdunbdein! awarticteyr titkoe“Arfoh Hdetaspaldé da¢ngities 2 Raidio 3. 2
cm The chanber pressure data collected at 6.8 cmaway fromthe wafer

ar

center and ﬁfﬁgﬁ?n%é(ﬁe“ft’@ea%éf@/&ﬁﬁ@%@%v@'??'?@%?’éé’é{w'é i pages 2805-
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the pressur Plaghainyiationpf pragess pammeter vafiaip by dRENsmaiehes; the Ripeess

Fl ow Punmp U}QE& r Below R ng BelowRing (sccm Pressure Pressure
Pressure Presadre bressure (mTorr) (niforr) (mlorr) (mTorr) (mlorr) 2000 40

55.6 58.8 4q0047B. SFoPMMe aAn@ar BingWeBighl tiee SfnBlation includes gap width 117 from
0.5 inch to 3 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 C4Fg 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



900 40 46.5 49.3 40.2 41.6 Table 1 Experinental and sinul ated chanber
pressure and belowring pressure conparison. 12 [0046] The chanber pl asna
density sinulation uses the hybrid plasma equi prent nodel (HPEM, devel oped
by the Departnent of Electrical and Conputer Engineering of University of
II'linois at Urbana-Chanpai gn, Urbana, | linois. The HPEMis a conprehensive
nodel ing platformfor |ow pressure (<1é s Torr) plasnma processing reactors.
Details about plasma density sinulation by this simulator can be found in
an article, présdurd plasgen chbtmisralpresddrasand eglasmaRaensity Rireqonehepmpletely / 02
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types of pr aedisedgasstae,raio ohmesirtdimoplaschaadeywsity (o&ldw line 1di6malhiidhyis extended
simul ation. For plas confinement. stydy that conpares degree of plasnma
conf i nerent aKnG MeGTRRIPBRNGHOPRECHap il ARYIRY TG . dATGe MRy Hasta
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pl asma confinenent. e top electrode power (or source power) sinulated is
1. 85 KW andurfacegasl thenperia¢ad alunsin@fCelethredée dRal Hwulonerpbawptasnsa HeBSitk W

about 100"t GalibEE be3ies I PRSMAE TERENSF DRSS oA et g gsma.
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W dth of th%h%iwil tehcet E)iOCO4r })Ir;%mlazgekgityz'rgtiocrgbgaci)rged 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.



0.87 inch) and the wdth of the annular plasma confinenment ring 115
sinmul ated varies between 8.5 cm (or 3.3 inch) to 2.2 cm (or 0.9 inch). The
spaci ng between the annular confinenent ring 115 with the inner chanber

wal | 128 sinulated varies between 1.3 cm(or 0.5 inch) to 7.6 cm(or 3.0
inch). [0048] Figure 3C shows plasnma sinulation results for the plasm
chanber described in Figures 1 with ad4annul ar ri ng 115 described in Figure

3A. In alow 13 pressure plasm chanber, pressure and plasma density are
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| ower than tmdos).otted confinenment ring design. Al though the |ower plasna
density ratio is desirable, the higher chanber pressure is not. Wen the
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 44.7

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 resuits 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,




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 tgsl.S inch, the chanber pressure
further reduces to 26.2 mlorr, and pl asma density ratio is 0.023, which
is higher than the slotted ring de3|gn but is still relatively low. As the
gap w dt h 1wheraeier d&se;ﬂas*.maodehslitySratmﬁs a.h2. efThectesofts $hmew vihderthgp ismadt h
117 in lowering,.the hanb pressure i s reduced; however, the plasma
density r at iSEVIEANT R %SHEH gg@@ﬁo&ﬁowp@@@@p Tabl e 2 shows conparison of

s\mulation liggLRES TR amhﬁﬂ%ore SIS Gh qure ; Shew fhat 12d ¥d @af:s Rt Lo

pl asma confi'n ring describ annu asma

conf i nenent |m¢regs@k§sme redistande gurtbeSﬂowTkﬂecmed] S’ftamethé)a)vai@enprtelseure
annular ring to the chanber walls 128 is 1 inch. In_Table 2, the n’P
pressure refdScEeases héNBH%s‘é’lﬁrﬁ e'n§@t33€’alﬂ1@apo?”"¥ﬂ]nﬂ)111[m2ﬁe P[aéﬂ?éb % rﬂﬂ?

chanber inn li)apstrq% t he
| ower surfag&ev%r%we%ﬁ] %epaé?@g% &F'@S%@%qggg %%n%mﬁber pressure %‘ata
are col | ectedeato Ge8p dhe askrmibeoprdsbaranaf 80 meotretheagdprwighty 1aosteould e

wafer. The belowring pressure data are collected right beneath the_ slotted
confi nenent @quagto oF arertendhan abort AP infhe apeygdingstospibiviatien resdtscndrigare

pressure | o 48 ORGRE Ha%as \AReHP LA GOTLA RRGEILinbL Mgk o Wi

pl asma confi hement” the press di et ween the

chamber and rbgultMntHﬂghépprbsmets to nh@gowashe@herAé aéséri”tﬁacsé@méedasrth@gge(pw =
15.3 mlorr) than the annular ring (AP = 9.4 nmilorr). Gas "Set" Chanber

Chanber Bel oWdid Ad7Bar@asRE eeyardo 5Puwb the eiieck obthe svider magswiste Feisur e

e e BTG e Rl ¢ gt P Blehe R ot ity
ratio continues to increases. The plasma density ratio at gap width 117 of 1.5 inch
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)Vs, 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. Tee X-axis is the distance fromthe
center of the process chanber and the’'Y-axis the distance from3.9 cm bel ow
the top surface of the substrate support 105. The results show that the

pl asma i s r ehambesiduringriironessing t thersubstrateegurport 465 Verm$ thaescatbodat Setails

Unfortunatel y, the chanbe Fessyre is 8. mlorr, which i hi gher .t han the
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pl asma densidigctidte VisttafeOsifite §bdrbRd MIeR. the gap width 117 is 3 inch, 15
wherein the plasma density ratio is 0.12. The results show that there is a
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confinenent ring, hence, the plasma density ratio increases. In order
keep the chamhws of tapselestredg0l 2rand, chidmebeyawalld AR, whichs fsogtadinged. efualX t o
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wi dt h 117 i nnnéroswefdoeg dhamnipdramdlés 128.e Jbhardistanceodf Xrapssfareandt to lsoakeverhe t he
pl asma densit rati o continues to {ncreases. The pla densj t tio at
Gap width 1199 slecirasle altage; aseglaiga beleait Vs and adbnbils crlipderts EhgPEST ( ne
gap W dth 1Lifai8haul G oe(ofEid). PPAC Wl o thacgavaﬂ{ug%%lamtég%g% lis h[gHe?Yifarl Ne
pl asma confinenent; the~concept of Iowering the top electrode voltage to
reduce vol t dhge tap efedieednnVi,hehicbps ettt srodieritbanand Cuatvardidr repaédentd #& has

been Tnvestl gbee betlen the top Sledfols 12°5R4 Cathode, Which 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 -Vs. 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 voitage 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 —V,.
[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, Vs. If the top

el ectrode voltage is lower at a fraction, f, of the source voltage at fVs
and the cathode, which is forned 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 elggtrode 125 and the cathode, which is
formed by the substrate support 105 an the wafer 110 during substrate
processing, is kept at the sane voltage value, Vs, but the voltage

di fference begative phase o thelopeeleoiiedd kpmake umibegdiiarsmnee, sutimaberV#al The 128
wll be lowered to fVs. %ower tvcgta e diffﬁren@bﬁw\/\een tﬁet tchp el ect rode
125 and t he RFDUAF R Rt Dapss: fge dne ¥alieee aierehisuRetwsen hesgitce

bei ng drawn 43 ¢dtRo8EHHRI VY L§ .1?%urér he sivd theSieptlve \Fdl@e§©f~'fdbeele89é$‘€é at

a lower top el ectrode voltage, fV, and to maintain the cathode at a
negative phadd fandmthenecathpde! (wot rgraended). ( 1The iopi eldgjroslej wsttage egdailates

' d f hanb ' d wiith the. | de,, 125 h
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not present in the 1 chanber during processing, the substrate support 105
forns the catléctdede Bodaidtkode whetwtheotapd plestrodr evaltagedarate+\d§/2t hEhe alvhge
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substrate processing), I's grounded. Figure 4B's e relative
vol t age val+ta# equatspteeVectDashed 26rvend0g heptesentsathes valkage wietwden she top

grounded. The X ax i n th fjgures represent the space etween the top
Ol ectrode 129ecire 185 2 Peckathdils Sherciheceauioe bpTese 1S ahsVozr of BeyBiaeS hos
and t he subsj; ' | h?g;b lSitHRR ' S
of X-axes afde'ﬁ%tg'?lcté(];pi s%%%".’éé'l?:ﬂg{e %é%ﬁif???o e %@??@%gg })sm I ngta gsﬂgzét%gﬁ
+Vs and - Vs,voltagkds abtWglBequats thaviher walls stay at 0 (ground). The bul k

which 15 midOSARI T TR D) Ui 401 TPeiseeBntES  HaladRo HEEeRei e dAP t he

top el ectrodgeditoyMhaCehiinesr wilisClyrbind&d)RHeRYiHeNfop electrode voltage is at
+Vg/2. The voltage difference 417 between the top electrode and chamber walls
(grounded) when the top electrode voltage is at +Vg/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 haif 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 V..

P o« (V)? = Vi (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 voltaqg is at -Vs. The voltage difference
412 between the top electrode 125 and the cat hode 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

s at +V9 equpbe) t 0 THe oGRARADBENR s HRPTERABHSIE WAL A qpBRENEaRd he

top electro and the chanber walls 128 when the source voltage is at
-V5. The voltdiggediiffetansecketwesnbibeviepreletisode o the ebambes walls whentthe top
chanber wal Iu% 128 Wneln t he thp |5/ectrode voltage is at -Vs equals to -Vs.
[ 0056] By t ?ﬁﬁo‘i’?’rﬁg&%ﬁ?ﬁ:@ Y VHE- subst rat e support 105 and the inpedance
of the dielectric seal 130, which will be described belowin nore depth, the
source voltage supplied to the top electrode can be reduced to a fraction
of the total source vBl tad¥s/8)fch= a&°Wdl f (Vd2), while the cathode vol(@hge
is maintained at a 17 negative phase of the top electrode to nake up the
di fference, such as -VS/2. The plasna process does not change, since the

vol tage di ffB&ch\?ﬁg@ttH@%'p o] Gg%aq%gfb ﬁéﬁ,hﬂ%eggﬁeﬁ%géilalﬁe t8105&/%o the

Fi gure 4C sho el ati've val ues p electro and the cathode
(not groundechamierewabis loveced tae quakteagbthesaiigihalk \edue bet ween +VS/ 2 and
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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 simuiation 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 el ectrode vol tg eis at +VS/ 2. The voltage
difference 417 between the top electro and chanber walls (grounded) when
the top electrode voltage is at +VS/2 equals to VS/2. Dashed curve 408
represents tblaek\toIFtlglge BBt \/wllargetmwidtbp)fel Edm,rtbldaepmsdur(ehef theaotembemaih Hewhen

the top el ectrode v [ VS/ 2 e fference 418, between
the top o e@ea'et?@%q?atgﬁ T BT Rahich 081 &2 a1g81ec, OPECRIENG <
at -\V5/2 e 1 | f I t he
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el ectrode armdnflmémenhang,ewhimdaﬂ achiewed plasena ddnsibdratio ¢fa0.004f theheoltageyratial
value. Since the voltage difference het en t he B@a@é{l ectrode and t he

cathode is ICBP& operafeqd Raiveamabor Q- 39}8 out 8r&n ehathien Rlasmpydensity
el ectrode angdyf hgg g;a(?’?gr @l | a&%@”% nflrt\é}ﬁenlpl SS ﬂélﬂ@ tcﬁo it Babbiaiy. 1O

staylnthereglon enth top el ectrode an e than get

pul l ed to thhetfordethewalllage rafioxuld beaclskraterhbetvdemabowtol tatgealohtf®&78nce,
t he amount of power that could be |lgst due to un-confined plasma is al so
reduced to @paormmt%awlwﬂn reSHEE IVFIGHBWA-t he rel ationshi p between P

(power) and ge ff n ro

wal | s when t[ﬁeé%]g Tﬂ%ctc ?jo voI ﬁ L%& g \ﬁ”’ﬁ*ﬂ (@é?g‘ta: @h%ﬁé@;mpg%
The equati omnaebah@avcehﬁmsrnéhEacleubaés mhll plabeianesrfirnigravang lowst civahbage
di fference between the top electrode to the chanber walls when the top

el ect rode varesgbeias dprigdep thepfront gyl progesses with a Wezprocwswdwé@anT hehe
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el ectrode vahéagra§y ratio/ furtimpedanteé eofiderdepptyildbd b&ween about 0.1 to about
0.75 and preferably 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. If 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 plasnma confinenent. This nmethod of plasna
confinement is called inpedance confinenent. The fraction of total source
voltage wused in the discussion above is 1/2; however, other fraction val ues
can al so be used and could al so irrpro@‘é pl asma confinenment. The fraction of
source voltage supplied at the top electrode can al so be defined as

"vol t age r atigaivaldritgeapabifori swvith igypgrlance the ipl asres deetwden stheuledddtmde
result of voltage ratjos of 1, ,0 75 0.5 and B 0.25 Th ressure at the, punp
entry of t hABPHERCA 2 apAokEs DU PRSI IMPESRCE 1A ( BHISTRIPod SEMRIY 5
1.85 kW Th és?ﬁ%i : NI 3 0k itk ; ' the:

i nner chanb rI wa Ié?%iahrrﬁ?%\?e e{s?ﬁtle_%SBY’r@he?gl? B’fﬁg%ﬁ)élet%%g% f‘ﬁagﬁgv\% 'Itrhat
as the vol t agaes betweake threchsle pldsroanirhpedarcep¥ aand thke ngihogeriaipedanse Zgeduced.
The pl asna ity ratio of 0.001 is | gwest when the voltage ratio is
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[0061] Fi gumain@ti®rshows the simulation result of plasma density of 0.023 in
the process chanmber 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.

Fi gure 5C shows the 'glﬁa})'(on result when the voltage ratio is reduc to
0.5. The results showthat “glasma is nostly confined near the region ove
the substrate surface. Referring 19 back to Figure 3B, with gap w dth of
1.5 in, the pressure of the chanber can be nmaintained at about 26.2 niorr,
which is below 30 nmlorr as targeted. Accordin to Figure 5A, to achieve the
sane pl asma RBAICRemshOWs felatianship, befugers e&@ﬁﬁ?'??é’f%feqqt%e i)cand
achi eves pl %gggcgg&sd gy 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,

Xc=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, Zital.
Ztotal = Z1 +1/ (1/(22+Z3+Z4+Zs) + 1/26) (3)

[0068] Since the top electrode is typically made of conductive material, its
impedance Z4 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 inch and the voltage ratio for

i npedance confinenent coul d be between ?bout 0.1 to about 0.75 and

pref erably between about 0.2 to about 6.6 [0063] In addition to plasna
confinenment inprovenent, |lowering the voltage ratio also reduces the power
| oss out si déotalevpsuppling &g dap #leguiede 5125 Abves frachien sefrraprrerdionak sautee of

Phe. pr ocess “OlaieelYeuAld B IE PR #E Valfes R oaBhu e RResREORL "
show si gni f itggeledh@dR! -(@p@si tion outside the process region, which is

above the substrate surface or the region within 15 cmfromthe center of

t he react or [0069kont V¥Rile thei fgnegoiag is Huegtede grobedimente of theoimventiemeother
process chanb, en the.volta ratio is 0.5., The paower. | oss, outside the

P ocess reg b uref Botipls o s blatish i b A vBRA Yl et < &
sinplified se89HRId ScoptHicrBbf, ANEFRNEEIHR iHiRebMREGABARINCEOHP ME RiIm8fthahe
reactor 100 of Figure 1, showing the overhead el ectrode 125, which has an

i npedance ZIolloWwe el ectrodel25 is connected to the dielectric seal 130,

whi ch acts |i ke a capacitor and has an inpedance 4. [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 equival 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 (Xc). "j" in equation 1 is an inmaginary
nunber. Z = R-jXc (1) Equation 2 shows the relationship between the

capaci tance reactance (Xc) and capacitance C Xc =1/(2 nf C (2) where f
is the frequency of the source power arg2 C is the capacitance. [0067] Figure
6 shows that the top el ectrode 125, anode plasma sheath, plasna, cathode

pl asma sheath, and cathode are in serial and these inpedance conponents are
in paraIIeE_Qjms‘n the dielectric seal 130. Equation 3 shows the total

i npedance, Ztotai. Ztotai = Z, + 1/ (1/(Z22+Z3+Z4+Z5) + 1 /Z6) (3) [0068]
Since the top electrode is typically made of conductive material, its

i mpedance 7, i sAmRboess Kibfde usingting plashaprsssiog dhaenbe?pcehpasingde. 72, 73
and Z4 are affected by the plaspa. However, inpedance Z5 and Z6 can be

adj usted by chaﬂ@i‘ﬁﬁlafﬁégtcﬁmm!&es and dielectric constants of the
dielectric |ayers of IC seal
130. The nmagni t ude O?ﬁpﬁgeig@% @'%ﬁg@ggﬁﬁe’%ﬁ”ﬁ%@ Hég%fdef ?ﬁ'@ cat hode
capaci tance. Z5 and zﬁowamohteratﬁllus\th@deiljthetcﬁaraéﬂeowfﬁh@ﬁnvyemgutehwaﬂlds

el ectrode 125 at nvent| opal source voltage, fVs, and

mai nt ai ni nan‘taHg té‘é‘f‘ﬁ@%@'aé‘?&§f 9[) a{‘tf@ef)f) Q?éd@lr ve phase fromthe top

el ectrode, -(1-f)V5. ah M16Fhedibiie! sutehwall eireel ftdween the app&codter wapadyment s
of the invention, other and further enbodi nents of the invention may be
devi sed wi ﬁhﬁ)@weﬂ@H@ftwaib from the basic scope thereof, and the scope

thereof is determ negd fy,tagn6haly e Iﬁ?érméo‘?étlaoc‘mtegevallc%&i/v%n the upper

and lower outer wall, wherein the step defined by the intermediate outer wall is
formed upward and outward from the lower outer wall and inward and downward
from the upper outer wall;

a substantially vertical inner wall disposed opposite the upper and
lower outer wall, the inner wall defining the innermost diameter of the ring;

a bottom wall connecting the lower outer wall and the substantially
vertical inner wall; and

a substantially horizontal top surface connecting the upper outer

wall and the substantially vertical inner wall.

2. The process kit of claim 1, wherein the annular ring is fabricated from a

conductive material.

3. The process kit of claim 1, wherein the annular ring comprises silicon
carbide (SiC).

4 The process kit of claim 1, wherein the annular ring comprises aluminum
(Al).

5. The process kit of claim 1, wherein the lower outer wall has a diameter

less than a diameter of the upper outer wall.



1. A process kit for using in a plasma processing chanber, conprising: an
annul ar ring conprising: an upper outer wall defining the outernost dianeter

of the ring; a lower outer wall, wherein the dianmeter of the | ower outer
wall is smaller than the dianmeter of the upper outer wall; an internediate
outer wall forned between the upper outer wall and the lower outer wall; a
step defined by the internedi ate outer 28al | between the upper and | ower
outer wall, wherein the step defined by the internediate outer wall is
formed upward and outward fromthe | ower outer wall and inward and downward
fromthe upper outer wall; a substantially vertical inner wall disposed

oppoS i o e UPREL pARdc AL P ALl L RBREPRGE IR (R MAEE

i nner nost ern connecti ng

wal | and tb@fa:dp&hdﬁhédﬂdey waAEoftthealnnlulmemgmdfine atup sectiobshane aahliar

hori zontal top surface connecting the upper outer wall and the

subst anti af'PQﬁ vertical inner wall. 2. The process kit of claim1l, wherein
the annular ring is fabricated froma conductive material. 3. The process
kit of claiml1l, wherein the annular ring conprises silicon carbide (SIC).
4. The prodess Kie pmcasﬁakitmflcla'rmﬂ e\NherEhBtfwn'mmlearwali Qfgtheoalpmularesinali&m num

(Al'). 5. The roces kit of |m1 wherein th out er _wal |
di anet er H&‘% 50 d:l'réng)thF' %fatrﬂp L?BSe?l% rtaier gﬁamse 3" 8 sql?_?éraﬁ ocess
kit of cl ag@pgort_v\her ein the upper outer wall, the horizontal top surface,

and the inner wall of the annular ring define a top section in the annul ar
ring. 7. The process kit of claim1, wherein the inner wall of the annul ar

ring is g The process kit of claim 1, wherein the inner wall has a diameter between
about 12.5 and about 15 inches.

9. The process kit of claim 1, wherein the upper outer wall has a diameter
between about 15.5 and about 20.5 inches.

10. A process kit for using in a plasma processing chamber, comprising:
a conductive annular plasma confinement ring comprising:

an upper outer wall defining the outermost diameter of the ring;

a lower outer wall, wherein the diameter of the lower outer wall is
smaller than the diameter of the upper outer wall,

an intermediate outer wall formed between the upper outer wall and
the lower outer wall;

a step defined by the intermediate outer wall extending upward and
outward from the lower outer wall, the step disposed inward and downward from
the upper outer wall;

a substantially vertical inner wall disposed opposite the upper and
lower outer wall, the inner wall defining the innermost diameter of the ring;

a bottom wall connecting the lower outer wall and the substantially

- vertical inner wall; and
a substantially horizontal top surface connecting the upper outer

wall and the substantially vertical inner wall.



di mrensioned to circunscribe a ring and substrate di sposed on a substrate
support. 8. The process kit of claim1l, wherein the inner wall has a

di anet er between about 12.5 and about 15 inches. 9. The process kit of
claim1l1, wherein the upper outer wall has a dianeter between about 15.5 and
about 20.5 inches. 10. A process kit for using in a plasm processing
chanmber, conprising: a conductive annWdar plasma confinenent ring
conprising: an upper outer wall defining the outernost dianeter of the ring;
a lower outer wall, wherein the diameter of the |lower outer wall is smaller
than the dianmeter of the upper outer wall; an internediate outer wall forned

bet veen thg4uPDghe Qlbessahpllor afsin HHCWHENSES (RUTENUAR! drig RoRpRBedSlicpd by

e
the internedi ate odter wall ‘extending upward and out ower
out er wal | cathide Qi€p di sposed i nward and downward from the upper outer
wal | ; a substantially vertical inner wall disposed opposite the upper and
| ower outer wall, the inner wall defining the innernost dianeter of the

ring; a botbom WAk lore@sRadgt ddaikd €0 | \ONErEirOMeInnR ! rirdNébrh P subGirilih al |y
vertical inner wall; and a substantially horizontal top surface connecting
the upper OGAl.er wall and the substantially vertical inner wall. 24 11. The
process kit of claim 10, wherein the annular ring conprises silicon carbide
(SIC). 12. The process kit of claim 10, wherein the annular ring conprises

al um num (4l) . The prdtessPkioeesrirki 10, afheréiai the ilnemiveN f thé Renuraneihgviel | of
the annular ring is dinmensioned to circunscribe a ring and substrate
di sposed oRIMERIPNRY 49 CirciissPe. a ring and substrate disposed on a substrate

support.

14. The process kit of claim 10, wherein the inner wall has a diameter
between about 12.5 and about 15 inches.

15.  The process kit of claim 10, wherein the upper outer wall has a diameter
between about 15.5 and about 20.5 inches.

16. A process kit for using in a plasma processing chamber, comprising:
a conductive annular plasma confinement ring comprising:

an upper outer wall defining an outermost diameter of the ring of
between about 15.5 and about 20.5 inches;

a lower outer wall, wherein the diameter of the lower outer wall is
smaller than the diameter of the upper outer wali;

an intermediate outer wall formed between the upper outer wall and
the lower outer wall;

a step defined by the intermediate outer wall formed upward and
outward from the lower outer wall and inward and downward from the upper
outer wall; and

a substantially vertical inner wall disposed opposite the upper and
lower outer wall, the inner wall defining an innermost diameter of the ring of

between about 12.5 and about 15 inches;



14. The process kit of claim 10, wherein the inner wall has a dianeter

bet ween about 12.5 and about 15 inches. 15. The process kit of claim 10,
wherein the upper outer wall has a dianmeter between about 15.5 and about
20.5 inches. 16. A process kit for using in a plasma processi ng chanber,
conprising: a conductive annular plasma confinenent ring conprising: an
upper outer wall defining an outernost odi aneter of the ring of between
about 15.5 and about 20.5 inches; a |lower outer wall, wherein the dianeter
of the lower outer wall is smaller than the dianmeter of the upper outer
wal | ; an internedi ata botiomr walhkcbnrientimg dhé ddwereoute hevall el thews urstamdially and
the lower outer wall; a step defined by the internmedi ate outer wall fornmed
upwar d andV® ﬁ?lvlﬁ?%f‘q"?lgrﬂnfjhe | ower outer wall and inward and downward from
the upper outer walj suBBan@ahHBokizeHtaPtdpy sifadd @ahnédmgrth\eabbp@li sesed
opposite the upper and |ower outer wall, the inner wall" defining an

i nner nost Wl apd éhe substaptiglyrwgrigral infer Wadin about 12.5 and about 15 inches;
25 a bottomwall connecting the |ower outer wall and the substantially
vertical inner wall; and a substantially horizontal top surface connecting
the upper onter Thevgrbcedadkit be ciaips | @nivhatdiry tiveahnalalr ringnesmpkises silidon The
process kit of claim 16, wherein the annular ring conprises silicon carbide
(SiC. 18. Cqﬂb@ep@b@)ass kit of claim 16, wherein the annular ring conprises
alum num (Al). 19. The process kit of claim 16, wherein the inner wall of
the annular ring is dinensioned to circunscribe a ring and substrate

di sposed om8a sThepradess kfugdpbaim. 16, wherein the annular ring comprises aluminum

(Al).

19.  The process kit of claim 16, wherein the inner wall of the annular ring is
dimensioned to circumscribe a ring and substrate disposed on a substrate

support.



