METHODS AND APPARATUS FOR CHANGING AREA RATIOIN A
PLASMA PROCESSING SYSTEM
BACKGROUND OF THE INVENTION

[6001] Advances in plasma processing have facilitated growth in the semiconducior
industry. The semiconductor industry is a highly compefitive market. The ability for a
manufacturing company to be able to process substrates in different processing conditions
may give the manufacturing company an edge over compettiors. Thas, manufacturing
companies bave dedicated time and resources o wentify methods and/or arrangements for
unproving substrate processing.
f0002] A typical processing system that may be employed to parform substrate
processing may be a capacitively-coupled plasma {CCP) processing system. The plaswa
provessing system may be built to enable processing in a range of process parameters.
However, i recent vears, the types of devices that mayv be processed have become more
sophisticated and may require more precise process control. For example, devices being
processed are becoming smialler with finer features and may require more precise comtrol of
plasma parameters, such as plasma density and veiformity across the subsirate, for betser
vield. Pressure control of the wafer area in the erching chamber may be an example of a
process parameter affecting plasma density and uniformity
[6003] The manufactoring of sermconductor devices may require multi-step processes
emploving plasma withia a plasma processing chamber. During plasma processing of
senviconductor device(s), the plasima processing chamber may typically be maintained at a
predefined pressure for each step of the process. The predefined pressure may be achieved
throngh employing mechanical vacuum pump(s), turbo pump{s), confinement ring
positioning and/or combinations thereof, ag is well known by those skilled in the art.
{00047 Conventionally, a valve assembly may be emploved to throttle the exhaust
turbo pump(s) to attain pressure control for maintaining predefined pressure conditions in the
plasma processing chamber, Aherngtively or additionally, the pressure in the plasma
penerating region of the plasma processing chamber (e.g.. the region encapsulated by the two
electrodes and surrounded by the confinement rings) mayv be controlled by adiusting the gaps
between the confinement rings of a confinement ring assembly, Adjusting the gaps contrals
the flow rate of exhiaust gas from the plasma generating region and pressure may be affecied

as a result. The overall gas tlow conductance out of the plasma generating region may depend



on several factors, including but not limited to, the number of confinement rings and the size
of the gaps between the confinement rings.
[O003] In view of the need to process the substrate in mukiple steps, each of which
may involve a different pressure, improvement to the capability to efficiently control pressyre
m plasma processing systems is highly desirable.
SUMMARY OF THE INVENTION

{6006] The invention relates, in an embodiment, to a plasma processing system
having a plasma processing chawmber for processing a substrate, The plasma processing
charber includes an upper electrode, the upper electrode having a first upper electrode
portion and a second npper electrode portion. The first upper electrode portion snnalarly
surrounds the second upper electrode portion. Both the first upper electrode portion and the
second upper electrode portion are grounded during the processing. The plasma processing
chamber also inctudes a lower electrode, the lower electrode having a first lower electrode
partion and & second lower elecirode portion. The first lower electrade portion is grounded
and annularly surrounds the second lower electrode portion. The second fower electrode
portion bas a sabstrate bearing surface configured to support the substrate during the
processing, wherein at least one of the upper electrode and the lower electrode is movable in
a direction that is perpendicular 1o the substrate bearing sarface. The plasma processing
chamber alse includes a RF power source for providing RF energy 10 the second lower
clestrode portion, wherein an upper surfhce of the first lower electrode portion is non-planar
with respect 10 the substrate-bearing surface such that a fivst gap berween the upper surface of
the first lower electrade portion and a lower surface of the fivst upper electrode portion is
smaller than a second gap between the substrate bearing surface and a substrate-facing
surface of the second upper elecirode portion.

HBRIEF DESCRIPTION OF THE DRAWINGS
[O007] The present mvention is thustrated by way of example, agd not by way of
Hmitation, in the fguwres of the sccompanying drawingy and in which like reference numersls
refer 1o similar elements and in which:
FO008] Fig. 1 shows, in sccordance with an embodiment of the present invention, a
simplified schematte of a plasma processing svstem configured to provide an adjustable gap
between an apper electrode assembly and a lower electrode assembly.
{6009 Fig. 2 shows, in accordance with an embodiment of the present invention, a
plot of confinement ring position (CRP) as a function of chamber gap for a predefined
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f0010] Fig. 3 shows, in accordance with an embodiment of the present tnvention, a
plurality of empincally derived conductance corves {(which iHustrates conductance versus
confinement ring position) for different chamber gaps.
[0011] Fig. 4 shows, in accordance with an embodiment of the invention, a stuplified
flowehart of @ method 400 for wafer area pressure control with adjustable chamber gap in
real time.
[6012] Fig. 5 shows, in accordance with an embodiment of the invention, a simplified
chamber for achieving fn-sttu control of area ratio of RF coupling change.
[0013] Fig. 6 shows, in accordance with an embodiment of the invention, the narrow-
gap configuration.
[O014] Fig. 7 shows, in sccardance with an embodiment of the brvention, the wide-
gap configuration,

DETAILED DESCRIPTION OF EMBODIMENTS
{0813] The present invention will now be described in detall with reference to a few
embodiments thereof as Hostated n the sccompanying deawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present mvention, Tt will be apparent, however, to ane skilled in the art,
that the present invention may be practiced without some or all of these specific detwils. In
other instances, well known process steps and/or structures have not been described in detail
in order 1o not unnecessarily obscure the present mvention.
[oo1s) In accordance with embodiments of the invention, there are provided methods
and appavatus for configuring plasmg processing svstens o achieve rapid control over
plasma processing parameters. {n some plasma processing svstems, the chamber gap (le., the
gap between the upper and lower electrode] 1s a recipe parameter and may vary from step 1o
step. In these plasma processing systems, there may be provided a mechanism configuraed to
move the lower electrode assembly to adjust the charaber gap. In other plasma processing
systems, the upper electrode assembly roay be moved. In the discloswre herein, the chamber
is assomed to have a moving lower electrode. It should be understood, however, that
ambodiments of the invention herein apply equally well 1o chambers in which the upper
electrode is movable (alternatively or additionally).
{0017] Whes the chamber gap is moved in response to recipe requirements, the
volume of the plasma genersting region Is changed. This change in volume affecs the
pressure within the plasma generating region, requiting compensation to adjust for the
pressure change. [n the prior art, as mentionad, pressure congrod 18 achieved by controlling
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the throttie valve position upstream of the exbaust furbo purop andior by controlling the
posttion of the confinement rings to change the gaps between the confinement rings, thereby
changing the conductance of the gas exhausting from the plasma generating region.
JO018] Generally speaking, the confinement ring gaps may be adjusted by
appropriately controlling the position of a plunger (see 131 of Fig. 1). In the ypsiroke of the
plunger, the gaps berween tings Lila, 110b, 110¢, 110d, and 110e are expanded. In the down
stroke of the plunger, rings 110a, 110b, 110, 1104, and 110e collapse together ina
sequential manner starting from the lower nings since the downward movement of ring [ [0¢
is arrested by the lower electrode, and the downward movenent of ring 1104 is arrested by
rizrg 1 0e, and 50 on. Confincinent ring assemblies are well-known in the @t and will not be
elaborated further herein,
[0019] When pressure control is desired in the prior art, a closed-loop control system
ig generally employed. In an example, the pressure within the plasma generating region is
measured andior derived and then compared against the desired pressure called for by the
process recipe. 1 there 1s a discrepaney, plunger 131 15 moved upward or downward
appropriately to change the confinement ring gaps to control the conductance through the
conductance ring gaps, thereby affecting the pressure within the plasma generating region.
These measwe-adjust-measwre-adiust oveles are performed step-wise until the desired
pressure set poiat 1s achieved,
f6020] While the prior art approsch is satisfaciory for chambers i which the
electrodes gre stationary, ths approach proves less than satisfactory for chamnbers with
moving lower clectrode. In these chambers, the sudden change in the volume of the plasom
generating region due to lower electrode ve-positioning may result in a temporary loss of
closed-loop pressure control as the closed-loop control algorithim siroggles 1o re-attain
control, Bven if the closed-loop control algorithm can rapidly re-acquire conirol 1o begin the
adjustiment process, the large and sudden change in pressure caused by the sudden re-
positioning of the lower glectrode may cause the closed-loop control alporithn to take quite a
fong time 1o stabilize the pressure to the desired set point. Diuring this long pressure re-
stabilization period, substrate processing is effectively halted. If the pressure re-stabilization
period 13 unduly long, productivity may suffer.
{0021] In an emsbodiment of the invention, there is provided a novel pressure control
algorithm for rapidly compensating for the large and sadden change in the pressure in the
plasma generating region that results from lower electrode (or npper electrode) repositioning.
The inventor berein reatizes that for a given pressure, the chamber gap fi.e., the distance
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{0022] Further, the inventor realizes that as the gap changes, the roughly Hnear
relationship between the conductance and the confinement rings position is roughly
maintained. By plotting the conductance verses confinement rings position curves for
various chamber gaps, each conductance curve may be shown 1o be substantially linear and
furthermore, the conductance curves are substantially paraliel.

fou23] From these relationships, the inventor realizes that a rongh open-loop conteol
strategy may be emploved, asing confinement ring re-positiomng parameters furnished by
these relationships, to rapidly re-position the coufinement rings to bring the pressure in the
plasma generating region quickly to roughly the deswed set point, Once the rough re-
posttioning is made in an open-loop manner, the finer close-loop control strategy may be
emploved to quickly bring the pressure o the destred pressure set point. However, since the
open-toop re-positioning 1s only & rough re-positioning and is ot depended upon for precise
pressure control, nop-tneanty i conductance versus confinement rings position for various
chamber gaps may be safely ignored. This key realization vastly simpliftes catoulation and
renders the rough open-loop repositioning process rapid.

f624] In an embodiment, the inventor deduces that rough pressure compensation for
chamber gap changes mayv be rapidly made by calculating the offset from one conductance
curve (o another and by moving the confinement rings position by that amount of caleulated
offset. Gnce the rough pressure compensation is performed, closed-loop control may take
over to stabilize the pressure o the desired pressure set point, In this manner, pressure
compensation is achieved i two phases: 1) an open-loop first phase wherein the
confinement rings are moved rapidly using the calculated offser value from previowsly
dertved conductance data, and 2} a subsequent closed-loop phase to schieve the degive
prossure set point,

0251 The features and advantages of the present lvention may be better understood
with referenes 1o the figures and discussions (with prior art mechanisms and embodiments of

the invention conirasted} that follow.



[0026] Fig. 1 shows, in accordance with an embodiment of the present invention, a
simphified schematic of 4 plasma processing system configured (o provide an adjustable gap
between an upper electrade assembly and a lower electrode assembly. Plasma processing
system 100 may be a single, double or wiple frequency capacitively discharged system or
may be an inductively coupled plasma system or a plasma system employing a different
nlasma generating andfor sustaining technology. In the example of Fig. 1, radic frequency
may include, but are not Hmited to, 2, 27 and 60 MHz

fOO27] In the example of Fig. 1. plasma processing system 100 mav be configured
with an upper electrode assembly 102 and a lower elecirode asserably 104, 1 an
embodiment.  The upper electrode assemibly 102 and lower electrode assembly 164 mav be
separated from each other by a chamber gap 106, The upper electrode assembly 102 may
include an upper electrode that may be grounded or powered by an RF power supply (not
shosen ).

o028 During plasma processing, processed gas {nor shown) may be supphied mito
chamber gap 106, The processed gas being supphied into chamber gap 106 may be excited
into a plasma state by R¥ poweyr supplied to lower glectrode assernbly 104, The plasma in
chamber gap 106 may be confined by 3 confinement ring assembly 08 that mav be
configured with at least a set of confinement rings {(110a, 110b, 110c, 1104, and llé}e{}‘ The
confinement 1ing assembly may also be configured with a gap coutrol mechanism 112,
mcluding a plunger 131, for controlling the gaps between confinement rings {110 a - g},
Exhanst gases in chamber gap 106 {i.¢, the plasma generating region) naay pass through
confinement-ring gaps between the set of confinenment rings (110 4 - €). These exhaust gases
may be exhausted from the chamber by & vacuum pump (not shown to simplify Hhustration}
via 4 throttle valve.

{oo29] In an embodiment, lower electrode assembly 104 may be configured with a
piston 114 and an getvation mechanism 116 o allow lower electrode assembly 104 o be
moved up ot down.  As a resnls, the volume within the plasma penerating region may
change, which results in a change in the pressure and thus requires compensation by
confinement ring re-positionmg. 7

[0036] Referving to Fig. 1, upon moving lower electrode assembly 104 (o
accommodate recipe requitements for a given step, confinement ring assembly 108 mway
move corvespondingly with the motion of lower elecrrode assembly 104, thereby changing

the paps between confinement ring assembly 108, Accordingly, the pressure in the plasma



generating regon i altered not only by the sudden change in volume of the plasma
generating region but also by the change m the confinement ring gaps,
[6031] in order to maimain the predetermined pressure (for example, the pressure that
existed betore Iower electrode movement), the position of confinement ring assembly 108
may need to be adjusted to change the conductancs (in hitersisecond) of the exhaust gas to
compensate for the change in plasma generating region volume andfor the change in
confinement ring gaps that result from lower elecirode movement.
a3 Fig. 2 shows, 1 sccordance with an embodiment of the present inventon, 8
plot of confinement ring posttion {CRP) as a function of chamber gap for a predefined
pressure. Fig 218 discussed in refation to Fig. | w facilitwee understanding,
f6033] As shown in Fig. 2, the vertical axis is shown as the confinement ring position
tnn arbitrary cownt unit. In an unplementation, the arbitrary count unit may be the servo motor
index of the servo motor emploved to control the opfdown movement of plunger 131, The
heorizontal axis shows the chamber gap in milluneter (i), Plot line 210 shows a linear
relationship between confinement ring position and chawber gap for 2 given pressure,
{0034} Fig. 3 shows, in accordance with an embodiment of the gresent invention, a
plurality of empirically derived conductance curves {which Hustrates conductance versus
confinement ring position} for different chamber gaps.
[0035] As shown in Fig. 3, the vertical axis 1s shown as conductance in Hter per
second (L/s). The horizontal axis is shown as the confinement ring position (CRP), again in
arbitrary count unit, Plotline 310 s the couductance carve for a chamber gap value of 1.88
centimeter {ora). Plot Hne 320 is the conductance curve for a chamber gap value of 2.34 am.
Plot line 330 18 the conductance curve for a chamber gap value of 2.8 om. Plot Hne 340 s the
conductance curve for a chamber gap value of 3.1 om.
{0036] A few observations way be made from Fig. 3. First, the curves are
substantially linear i the region of chamber operation, i.e., above 4 liersisec. Second, these
curves are substantially parallel, thhustrating that the lingar relationship between the
conductance and the confinement ring position is substantially preserved when the gap s
changed. Third, for any given desired conduactance (soch as 11 hrersfsecond in Fig. 2), the
change in conductances atwibutable to a chauge in the chamber gaps may be compensated for
simply by moving the confinement ring by the amount of <-axis offset from one curve ©
another. With reference 1o Fig. 2, the change in condootance as the chamber gap is moved
from 2.34 cm {eorve 320) to 188 om {curve 310) may be compensated for by moving the
confinement ring position by an amownt that Is equal to the offset (berween point 344 and
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point 342). Moving the confizement ring position by the offset {difference between point
342 and point 344) has the effect of roughly moving conductance curve 310 o saperimpose
on conductance curve 320, In so doing, the conductance change due to gap change s
compensated for, and rough conductance compensation is achieved in an open-loop maaner.
[O037] In an embodiment, the cuwremt chamber gap position may be represenied by
“X”. The change in chamber gap may be +/- Y™, The current CRP may he represented by

“A”. The new chamber gap and new CRP may be calculated as followed:

[oa38] New chamber gap postiion = X+~ Y (eguation 1),
[0039] New CRE = A+ (M * Y} (equation 2}, where M s the slope determined

from the conductance curves of Fig, 3.
{60407 As may be appreciated from the foregoing, the plurality of conductance curves
for each chamber gap may be empirically determined in an embodiment. Over the working
conductance range, the plarality of conductance curves may be relatively linear, viekling a
slape of about M in an embodiment. The offset CRYP values may be determined for
predetermined water area pressure(sy 1o compensate for the chamber gap adjnstiment(s).
Alternatively, a simple lookup table may be employed to correlate chamber gaps with offsets.
To facilitate the open-loop rough adjastmen, the corresponding offset for a particular
chamber gap may be obrained and/or estimated from the values provided by the lnokup table.
10041 ] Fig. 4 shows, in accordance with an embodiment of the fnvention, a simplified
flowchart of a method 400 for water area pressure control with adjostable chamber gap in
real thne.
fo042] In step 402, a plurality of conductance curves for different chamber gaps may
be empirically determined in an embodumnent. In step 404, a new chamber pap is specified as
part of a process recipe. In step 406, the offset from the current confinement ring position
may be determingd. This offset has been discussed earlier in conunection with Fig. 3. To
sumplify the caleulation and/or lookup, an arbitrarity chosen reference chamber gap may be
empioyed to provide a reference to which all other chamber gaps may be referenced to, inan
embodinent.
{0043 Onee the offset is acquired, the confivement ring position may be adjusted in
an oper-loop mannet using the offset value to rapwdly {but roughly y re-position the
confinement rings {step 408). This rapid repositioning roughly compensates for the change in
ihe plasma generating region vehwe and the change in the confinement ring gaps caused by
the movement of the lower electrode. Onee the rough repositioning is accomplished, fine
fhut slower close-loop control, In the manner done in the prior art, may be employed to more
8



precisely establish the pressure in the plasma generating regron at a desired set point pressure.
Once the pressure s re-stabilized, other changes in the presswre {such a3 to accommodate
pressure change in a different step) may be accomplished using technigues known in the prior
ari.
[0044] As can be appreciaied from the foregoing, ervbodiments of the invention
permit pressure compensation o be performed in g rapid manner by rapidly repositioning the
confmement rings iy a bwo-step process, In the first step, the confinement rings are rapidly
repositioned in an open-loop manner using an offset value obtained from previously acquired
conductance data (which correlate conductance with confinement ring positions for various
chamber gaps). In the second step, traditional closed-teop control mav be emploved to more
precisely stabilize the pressure at the desired value. By rapidly compenssung for the change
i pressure that is caused by the moving electrode(s), the pressure stabilization step may be
shortened, leading to improved productivity, Furthermore, entbodiments of the inventon
may improve and or make possible the ability to sustain ignition of the plasma as the
processing proceeds from step o step, each of which may call for g different chamber gap
and a different pressure setting.
[0045) As mentioned, the nanufacturing of senuconductor devices may require mudti-
step processes emploving plasma within one or more plasma processing chambers. Some of
the processing steps required o complete the manufactare of & device may employ different
recipes that specify different plasma densities andior different 1on energies andfor different
wafer bias voltages. In the prior aet, these various recipes may be performed using different
plasmy processing chambers or systems, each of which may be configured to perform one or
more racipes of the multi-recipe process.
100486) While such gn approach accomplishes the goal of fabricating the resultant
device, there are disadvanmages. For example, the use of multiple chambers and/or svstems to
accomplish the manufacture of the device increases the equipment acqusition and
deplovment costs andfor the maintenance burden for the device manufacturer. As another
example, the use of multiple chambers andfor systems to accomplish the mannfacture of the
device introduces delay into the manufacturing process. This & because it takes a nonirivial
amount of time to, for example, stop the process v one chamber, evacuate the chamber
content, remove the substrate from the chamber, insert the substrate o another chamber of
the same or & different plasma provessing system, and start ap the other chamber 1o stabilize
and to begin processing the substrate. The delay mcreases the total amoeant of time regaired
o manufache the plasma processing system and reduces the total factory output.
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[0047] In another embodiment of the invention, there is provided methods and
apparatus for providing different plasma densitics and/or different ton energies andior
different wafer bigs voltages in-situ in the same plasmz processing chamber, In one or more
embodiments, the upper electrode is grounded while the lower electrode is powered. In this
implementation, the periphery of the lower electrode (which is powered} is provided with an
annular (i.e., donut-shaped) ring that surrounds the lower electrode and is grounded. This
arnular extension is referred t herein as the lower electrode ground peripheral exiension
{LE-GPE). Geoerally speaking, the LE-GPE s made of s oatenyl that is generally non-
reactive or substartially wnaffected by the plasina processing while stll permitting RF
coupling 1o take place when the gap above 1t is sufficiently large to sustain plasma. Inan
example, the LE-GPE is has a guartz cover or a sinnlarly suitable cover.

{0048] The gap above the LE-GPE is 10 a grounded upper swrface is confiporad such
that as the gap between the apper elecrode and lower electrade s sufficiently marrowed,
there comes a point where the gap above the LE-GPE is insufficiently large 10 sustain plasma
while the gap that over lies the lower electrode mside of the LE-GPE sull remains sufficiently
farge to sustain the plasma. In this narrow-gap case, R coupling fom the powered lower
electrode does not reach the LE-GPE or reach the gronnded upper surface that is directly over

the LE-GPE, and plasma is sestained only in the volume that i3 divectly over the lower

electrode,
100481 As the gap between the upper electrode and lower electrode is gradually
enlarged, there comes a point where the gap above the LE-GPE is sufficientty large w sustain

plasma while the gap that over lies the lower electrode ingide of the LE-GPE (s also
sufficiently large to sustain the plasma. in this wide-gap case, RF calupfing from the powered
lower electrode reaches the LE-GPE and also reaches the grounded upper surface that is
directly over the LE-GPE, and plasma 15 sustainedd only in the volume that is directly over the
tower electrode.
(00507 It can be seen then that in both the namow-gap case and the wide-gap case, the
effective RF coupling area of the powered lower electrode remains the same. However, in
the wide-gap case, the effective RF coupling avea of the grounded electrade is enlarged (since
RF coupling also reaches the LE-GPE and the grounded area that is above the LE-GPE,
Accordingly, it may be readily seen that the narrow-gap case may provide for one area rafio
of RF coupling (defined as the ratio between the effective RF ground coupling area divided
by the effective R¥F powered electrode coupling areay while in the wide-gap case, the area
ratio of RF coupling ts larger due o a larger effective RF ground coupling arsa,
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FO051 In an embodiment, the difference in the gaps {1Le., the gap between the upper
electrode and the lower electrode at the central region of the lower electrode and the gap
above the LE-GPE) may be accomplished by making the LE-GPE non co-planar with the
fower electrode. For example, the LE-GPE may be raised above the lower electrode. The
LE~GPE moves together with the lower electrode in designs wherein the lower electrode is
movable. The grounded arga that overlies the LE-GPE moves with the upper electrode in
designs wherein the vpper electrode s movable.

100321 [n another embodiment, the grounded area that overlies the LE-GPE may,
alternatively or additionallv, be made non co-planar with the upper electrode. For example,
the prounded area the overlies the LE-GPE may alternatively or additionally protrudes below
the lower surface of the upper electrode. The LE-GPE moves together with the lower
glectrode in designs wherein the Jower electrode Is movable. The grounded area that overlies
the LE-GPE moves with the upper electrode in desi gns wherein the upper electrode i3
movable.

00337 Alternatively or additionally to the above, the grounded area that overlies the
EE-GPE may be considered an annular extension of the upper electrode, or an upper
glectrode gronnded perpheral extension {(UE-GPE). Again, the LE-GPE moves together with
the lower electrode in designs wherein the lower electrode is movable. The UE-GPE that
overlies the LE-GPE moves with the apper electrode in designs wherein the upper glectrode
15 movable,

60541 Fig. 5 shows, n accordance with an embodiment, an implementation wherein
& now co-planar UE-GPE s provided, In the case of Fag. §, the UE-GPE extends or protoudes
below the lower surface of upper electrode 300, In the example of Fig. 5, the UE-GPE is
formed of two components 502a and 3020 although such 1 not a requirement. Both upper
glectrode 500 and the UE-GPE 502a/502b are grounded,

FODs5] A lower electrode grounded peripheral extension (LE-GPE) 506 15 also shown
having a quartz cover 508, LE-GPE 506 is peripheral to a lower electrode 518 as shown.
Lower electrode 510 15 typically powered, e.g., by a RF power source (not shown), &
plurality of confinement sings 312 ix also shown m Fig. 3.

fU0s8] In Fig 5, there are two plasma sostaining regions: region 316 which 15 capabile
of sustaining plasma in the wide-gap configuration where gap 517 is sufficiemly jarge 1o
sustain a plasma; and a region 514 which i3 capable of sustatming plasma whenever gap 519

is sufficiently large o sustain plasma.
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[0037 InFig. 6, the narrow gap configuration is itustrated wheremn gap 517 13
msutficiently large (relative 1o the mean free path) to sustain plasma in the region denoted by
reference mumber 316 in Fig. 5. However, gap 519 is still sufficiemly large (o sustain plasma
in the region denoted by reference munber 514 4n Fig. 5. I this case, RF coupling is between
porwered lower electrode S0 and upper electrode 500 (as Hlustrated by arrow 602) and the
area ratio of RF coupling is defined by the effective RF coupling area of the grounded upper
electrode 500 divided by effective RF coupling area of the powered lower electrode 3140,
0S8} a Fig. 7, the wide gap coufiguration is lustrated wherein gap 517 &
suffictently large to sustain plasma i the region denoted by reference number 516 in Fig. 5.
Further, gap 519, being larger than gap 517, is still sufBiciently large to sustain plasma i the
region denoted by reference number 514 m Fig. 5. Tothis case, RE coupling is between
powered lower electrode 510 and upper electrode 300 (as Hlusuated by arrow 702}, as well as
berween powered lower electrode 510 and UE-GPE 302a/5020 {as tHlustrared by arrow 704},
as well as between powered lower electrode 510 and LE-GPE 506 through quarts surface 508
{as iHustrated by arrow 706) . Since the areg ratio of RF coupling s defined by the effective
RF coupling area of the grounded electrode divided by effective RF coupling area of the
powered lower electrode 510, the area ratio has been mcreased. This is because the effective
RF coupling area that is grounded is now increased by the area of the LE-GPE 506 as well as
the UE-GPE 5028/502h,
{00591 In either the wide-gap configuration or the narrow-gap configuration, it 1s
possibie o retain all the advantages discussed sarbier, e.g., changing the volume to change the
plasma density by keeping the RF power the same or obtaining different plasma densities.
The movable electrode, together with differentiated plasma sustaining volumes that can be
independently controdled (by moving the gap) effectively offers more granelay control of the,
for example, ion energies and/or water bias voltages and/or plasma density in-situ
{0060] In an ersbodiment, the upper electrode and Tower electrode are sixved such thyt
in the parrow-gap configuration, & 111 ares ratio s achieved, making the chamber a
symmetric chamber in the narrow gap configuration. In the wide-gap confignration, since the
effective RF coupling area of the groand electrode is increased, the area ratio becomes larger
1:1, rendering the chamber asymmetric. Thus, an in-situ method for making the chantber
symnetric or asynmmetric s schieved to accommuodate different recipes.
fG0at] Althongh the examples above tHhustrates only two differentiated plasma-
sustaining vohumes {e.g., 514 and 516 in Fig. 5), the area that is periphery to the lower
glecirode may be provided with multi-steps {e.g., two steps, three steps, four steps, etc.,} (o
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create muinple gaps of different sizes to achieve additional differentiated plasma-sustaining
vohumes that can be inhibited by making the respective gaps too small to effectively sustain
the plasma.

0062 It should be noted that embodiments of Figs. 5, 6, and 7 may be practiced
together with the features of the eatlier figures or may be practiced independently of the
fearares disclosed in the earlter figures.

{0063} While this invention has been desceribed in terms of several embodiments,
there are alterations, permutations, and equivalents, which fall within the scope of this
mvention. It should also be noted that there are many alternative ways of implementing the
methods and apparatuses of the present invention. Furthermore, embodiments of the presest
mvention may find utility in other applications. The abstract section is provided herein for
convenience and, due to word count limitation, 15 accordmgly written for reading
convenience and should not be eraployed to Himit the scope of the claims. Tt is therefore
intended that the following appended claims be interpreted as including all such slterations,

permstations, and eguivalents as fall within the true spirit and scope of the present tnvention.
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MCSLLP

CLAIMS

1. A plasma processing system having a plasma processing chamber for processing
a substrate, said plasma processing chamber comprising:

an upper electrode, said upper electrode having a first upper electrode portion
and a second upper electrode portion, said first upper electrode portion annularly
surrounds said second upper electrode portion;

a lower electrode, said lower electrode having a first lower electrode portion and
a second lower electrode portion, said first lower electrode portion annularly surrounds
said second lower electrode portion, said second lower electrode portion having a
substrate bearing surface configured to support said substrate during said processing,
wherein at least one of said upper electrode and said lower electrode is movable in a
direction that is perpendicular to said substrate bearing surface, wherein an upper
surface of said first lower electrode portion is non-planar with respect to said substrate-
bearing surface such that a first gap between said upper surface of said first lower
electrode portion and a lower surface of said first upper electrode portion is smaller than
a second gap between said substrate bearing surface and a substrate-facing surface of
said second upper electrode portion, wherein said second lower electrode portion is
powered by a radio frequency (RF) power source during said processing,

wherein said plasma processing chamber is configured to be operable during at
least two regimes, a first regime of said two regimes involving disposing said upper
electrode and said lower electrode such that plasma is sustained between said substrate
bearing surface of said second lower electrode portion and said substrate-facing surface
of said second upper electrode portion, said plasma is also sustained in said first regime
between said upper surface of said first lower electrode portion and said lower surface
of said first upper electrode portion, a second regime of said two regimes involving
disposing said upper electrode and said lower electrode such that said plasma is
sustained between said substrate bearing surface of said second lower electrode portion
and a substrate-facing surface of said second upper electrode portion, said plasma is
however not sustained in said second regime between said upper surface of said first

lower electrode portion and said lower surface of said first upper electrode portion, an
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area ratio of RF coupling between said upper electrode and said lower electrode is about

1:1 in said second regime.

2. The plasma processing system of claim 1 wherein only said upper electrode is

movable.

3. The plasma processing system of claim 1 wherein only said lower electrode is

movable.

4, The plasma processing system of claim 1 wherein both said upper electrode and

said lower electrode are movable.

5. The plasma processing system of claim 1 wherein said lower surface of said first
upper electrode portion is planar with respect to said substrate-facing surface of said

second upper electrode portion.

6. The plasma processing system of claim 1 wherein said lower surface of said first
upper electrode portion is non-planar with respect to said substrate-facing surface of

said second upper electrode portion.

7. A plasma processing system having a plasma processing chamber for processing
a substrate, said plasma processing chamber comprising:

an upper electrode, said upper electrode having a first upper electrode portion
and a second upper electrode portion, said first upper electrode portion annularly
surrounds said second upper electrode portion, both said first upper electrode portion
and said second upper electrode portion being grounded during said processing;

a lower electrode, said lower electrode having a first lower electrode portion and
a second lower electrode portion, said first lower electrode portion being grounded and
being electrically separated from and annularly surrounding said second lower electrode
portion, said second lower electrode portion having a substrate bearing surface
configured to support said substrate during said processing, wherein said upper

electrode is movable in a direction that is perpendicular to said substrate bearing surface;
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a RF power source for providing RF energy to said second lower electrode
portion, wherein an upper surface of said first lower electrode portion is non-planar with
respect to said substrate-bearing surface such that a first gap between said upper surface
of said first lower electrode portion and a lower surface of said first upper electrode
portion is smaller than a second gap between said substrate bearing surface and a

substrate-facing surface of said second upper electrode portion.

8. The plasma processing system of claim 7 wherein both said upper electrode and
said lower electrode are movable in said direction that is perpendicular to said substrate

bearing surface.

9. The plasma processing system of claim 7 wherein said lower surface of said first
upper electrode portion is planar with respect to said substrate-facing surface of said

second upper electrode portion.

10.  The plasma processing system of claim 7 wherein said lower surface of said first
upper electrode portion is non-planar with respect to said substrate-facing surface of

said second upper electrode portion.

11.  The plasma processing system of claim 7 wherein said plasma processing
chamber is configured to be operable during at least two regimes, a first regime of said
two regimes involving disposing said upper electrode and said lower electrode such that
plasma is sustained between said substrate bearing surface of said second lower
electrode portion and said substrate-facing surface of said second upper electrode
portion, said plasma is also sustained in said first regime between said upper surface of
said first lower electrode portion and said lower surface of said first upper electrode
portion, said second regime of said two regimes involving disposing said upper
electrode and said lower electrode such that said plasma is sustained between said
substrate bearing surface of said second lower electrode portion and a substrate-facing
surface of said second upper electrode portion, said plasma is however not sustained in
said second regime between said upper surface of said first lower electrode portion and

said lower surface of said first upper electrode portion.
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12.  The plasma processing system of claim 7 wherein an area ratio of RF coupling
between said upper electrode and said lower electrode is about 1:1 in said second

regime.
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