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(57) Abstract: A plasma processing system for processing at least a substrate with plasma. The plasma processing chamber is ca-
pable of controlling ion energy distribution. The plasma processing system may include a first electrode. The plasma processing
system also includes a second electrode that is different from the first electrode and is configured for bearing the substrate. The
plasma processing system may also include a signal source coupled with the first electrode. The signal source may provide a non-
sinusoidal signal through the first electrode to control ion energy distribution at the substrate when the substrate is processed in
the plasma processing system, wherein the non-sinusoidal signal is periodic.
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CONTROLLING TON ENERGY DISTRIBUTION IN PLASMA
PROCESSING SYSTEMS
BACKGROUND OF THE INVENTION
[0001] The present invention relates to plasma processing of substrates {or wafers). In
particular, the wvention relates to controlling ion energy distribution when processing a substrate
in a plasma processing system.
[0002} Controlting ion energy distribution may provide several benefits in processing the
substrate. For example, controlling ton energy distribution may enable the control of etch
selectivity between different materials, the reduction of faceting at feature edges {e.i., edges of
trenches or vias), and the control of profiles i high aspect-ratio contacts. In modern plasma
processing applications, controlling the distribution of ion energy may be critical for achieving
desirable processing results. A method for controtling 1on energy distribution has been disclosed
in LLS. Patent No. 6,201,208 “Method And Apparatus For Plasma Processing With Control Of
fon Energy Distribution At The Sobstrates™ {(issued March 13, 2001}, for example.
[0003] Prior art techniques for controlling on energy distribution tend to involve
providing a non-sinusoidal radio frequency (RF) signal/power to a substrate-bearing electrode
that supports the substrate. This non-sinusoidal signal may contro the ion energy distribution,
for example, by attracting ions. Prior art technigues for controlling ion energy distribution also
tend to require the use of an external DC blocking capaciior between the non-simusoidal RF
signal source and the substrate-bearing electrode.
[0004] There are several disadvantages associated with the prior art approaches and
given constant advances i the semiconductor processing field, tmproved techniques and
apparatus for controliing 1on energy distribution in a plasma processing chamber are desired.
SUMMARY OF INVENTION

00097 An embodiment of the present invention relates to a plasma processing system for
processing at least a substrate with plasia. The plasma processing chamber is capable of
controlling ion energy distribution. The plasma processing system may include a first electrode.
The plasma processing system also includes a second electrode that is different from the first
electrode and is configured for bearing the substrate. The plasma processing system may also
inclode a signal source coupled with the first electrode. The signal source may provide a non-

sinusoidal signal through the first electrode to control ton energy distribution at the substrate
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when the substrate is processed in the plasma processing svstem, wherein the non-stnusoidal
signal 15 pertodic..

{0010} The above sunmmary relates to only one of the many embodiments of the nvention
disclosed herein and is not intended to Hmit the scope of the wvention, which is set forth is the
claims herein. These and other features of the present invention will be described in more detail

below in the detatled description of the invention and tn conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
{00051 The present invention is iHustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals
refer to similar elements and 1n which:
{0006} Fig. 1 shows a schematic representation of components of a plasma processing
system capable of controlling ton energy distribution during plasma processing in accordance
with one or more embodiments of the present invention.
[0007] Fig. 2 shows a schematic representation of components of a plasma processing
system capable of controlling jon energy distribution during plasma processing o gecordance
with one or more embodiments of the present invention.
{0008} Fig. 3 shows a schematic representation of components of a plasma processing
system capable of controlling 1on energy distribution during plasma processing i accordance

with one or more embodiments of the present invention,

{00091 Fig. 4 shows a schematic representation of a circuit model representing a prior art

plasma processing system capable of controlling 10u energy distribution.

)

~,

[0010] Fig. S shows a schematic representation of a cirenit model representing a plasma
processing system capable of controlling ion energy distribution in accordance with one or more
embodiments of the present invention.

{00111 Fig. 6A shows a schematic representation of a non-sinusoidal signal applied at a
substrate for controlling on energy distribution in a prior art plastoa processing system capable
of controlling 1on energy distribution.

(0012} Fig. 6B shows a schematic representation of a calculated ton energy distribution

based on a prior art arrangement,

(S
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{0013} Fig. 7A shows a schematic representation of a non-sinusoidal signal provided by a
driver for controlling ton energy distribution tn accordance with one or more embodimenis of the
present invention.
[0014} Fig. 7B shows a schematic representation of a caleulated ion energy distribution
based on an arrangement in accordance with one or more embodiments of the present invention.
[00153 Fig 8 shows schematic representation of a circuit model representing a plasma
processing system capable of controlling ion energy distribation in accordance with one or more
embodiments of the present invention.
{0016} Fig. 9A shows a schematic representation of a non-sinusoidal signal provided by a
driver for controlling lon energy distribution in accordance with ong or more embodiments of the
present invention,
{00171 Fig 9B shows a schematic representation of a calculated 1on energy distribution
based on an arrangement m accordance with one or more entbodinents of the preseat invention,
DETAILED DESCRIPTION
[0018] The present invention will now be described in detail with reference to a few
embodiments thereof as dlustrated tn the accompanying drawings. In the following description,
mumerous specific details are set forth 1a order to provide a thorough understanding of the
present invention. It will be apparent, however, 1o one skilled in the art, that the present
mvention may be practiced without some or all of these specific details. In other instances, well
known process steps andfor structures have not been described in detail in order o not
unnecessanly obscure the present invention.
[0019] One or more embodiments of the mvention relate t0 a plasma processing system
capable of controlling ton energy distribution during processing of at least a substrate with
plasma. The plasma processing system, which may be diode configuration or a triode
configuration, inchides at least one non-substrate bearing (NSB) electrode that is not in physical
contact with the substrate and/or is not for bearing the substrate.
[0020} In an embodiment, the plasma processing system may include an ton energy

distribution controlling signal source coupled with the NSB electrode. The ton energy

distribution coutrolting signal source may provide a non-stnusoidal radio frequency (RF)
signal/power to the NSB electrode for controlling the lon energy distribation at the substrate

o

when the substrate 15 processed in the plasma processing system,

Sad
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j0021} As an example, the NSB electrade may represent a top electrode disposed
opposite to a substrate-bearing, bottom electrode that supports the substrate. Alternatively or

additionally, the NSB electrode may represent a evlindrical electrode (e.g., a ring-shaped
electrode) that surrounds the plasma, for example.

[0022} To sustain and generate processing plasma, a high-frequency sinusoidal
signal/power for generating and sustaining the plasiua may be provided to the top electrode, the
ring electrode, and/or the bottom electrode according to varions embodiments of the tnvention.
[0023] With the non-sinusoidal signalipower delivered to the NSB electrode, the plasma
processing system may have a simplified electrical path for delivering the 1on energy distribution
controlling signalipower and therefore may have ar least several advantages over the prior art
techniques.

{00241 For example, compared with the substrate-bearing electrode, the NSB electrode
typically has mintmen or no nsulation and clamping requirenients; therefore, embodiments of
the invention may have fewer design restrictions on the non~smusoidal powered electrode.
[0025] Further, since the size of the N8B electrode does not need to match the size of the
substrate, the size of the NSB electrode may be reduced. The inventors observe that there
appears to be, in some cases, a possible tradeoff between the area ratio of the NSB electrode to
the total electrode area in the chamber and the process window at any given RE sinusoidal signal
duty cycle {which relates to the percentage of lons reaching the substrate at high energy}. A
higher duty cycle appears to require, in some cases, a larger area ratio (of NSB clectrode areato
total electrode area} to ensure a high voltage sheath develops at the substrate. Conversely, a
fower duty cycle may result in the ability 1o employ a lower area ratio while maintaining a high
voltage sheath at the substrate. If the area ratio is too small for a high duty cycle plasma
generating RF signal, the non-sinusoidal voliage does not drop across the substrate sheath, and
such high energy ons are not produced.

[00261 Nevertheless, embodiments of the invention may be able to minimize or eliminate
the parasttic capacitance problems associated with the prior art techniques. The NSB has fewer
design restrictions than the sehstrate-bearing electrode and can therefore be designed with
smatler stray capacitance to ground. This in turn deaws less RF current and has a faster response

to step voltage changes.  Advantageously, accuracy in controlling the jon energy distribution
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mav be improved, and the costs of the RF components associated with controlling the ion energy
distribution may be minimuzed.

{00274 In one or more embodiments, when the non-sinusoidal signal for controlling the
on energy distribution is provided to the NSB electrode, it is possible to provide such non-
sinasoidal signal to the NSB electrode without requiring the use of an external, separate DC
blocking capacitor between the non-simusoidal source and the NSB electrode. In this case where
the DC-blocking capacitor is not interposed between the non-sinusoidal signal source and the
NSB electrode, other electrode surfaces are preferably isolated from DC ground, such as by
using a laver of quartz material (or similarly suitable material) at the ground electrode.

[0028]} in another embodiment, when the non-sinusoidal signal for controlling the ion
energy distribution is provided to the NSB electrode, #t is possible to provide such non-sinusoidal
signal to the NSB electrode via an external, separate DC blocking capacitor between the non-
stnusoidal source and the NSB electrode. In this case where the DC-blocking capacitor is
employed between the non-sinusoidal signal source and the NSB electrode, other electrode
surfaces are not regoired to be isolated from DC ground, such as by using a laver of quartz
material {or similarly suitgble material) at the ground electrode.

100291 In an alternative embodiment, the non-sinusoidal signal for controlling the ion
energy distribution may be provided to the subsirate-bearing electrode. In this case, the
smusoidal signal emploved for plasma generation may be provided to the same substrate-bearing
electrode or may be provided 10 an electrode other than the substrate-bearing electrode. In thig
embodiment, it is also possible to eliminate the requuirement that an external, separate DC-
blocking capacitor be emploved between the non-sinusoidal signal source (which 1s emploved
for ion energy distribution control} and the substrate bearing electrode as long as other electrode
surfaces are isolated from DC ground, such as through the use of a dielectric covering (e.g., a
quartz layer or similarly suitable material) or the substrate-bearing electrode has inherent sertes
capacitance, e.g. an internal dielectric layver such as the case with the ceramic laver inside some
substrate-bearing chuck.

{0030} in one or more embodiments, the invention may relate to methods implemented in
a plasma processing system for controlling ion energy distribution at a substrate.

(00311 The featwres and advantages of the present invention may be better understood

=

with reference to the figures and discussions that follow.

L
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{0032} Fig. | shows a schematic representation of components of a plasma processing
system 100 capable of controlling ton energy distribution during processing of a substrate 108
with plasma 120 in accordance with one or more embodiments of the present invention. Plasma
processing systern 100 may tnclude a sobstrate-bearing electrode 106, a non-subsirate bearing

¢ signal source 112, and an ion energy distribution

ot Pes

{NSB) efectrode 104, a plasma generatin
controlling sigual source 102,

[0033] Substrate-bearing electrode 106 {e.g., a tower electrode) may support a substrate
108, Substrate-bearing electrode 106 may clamp (or attract) substrate 108 utihzing an
electrostatic force and may be in physical contact with substrate 108,

[0034] NSB electrode 104 (e.g., a top electrode) may be disposed opposite to substrate-
bearing electrode 106 and may include a surface 154 that faces a surface 158 of substrate 108,
NSB electrode in general. however, may represent any electrode that 1s non-substrate bearing.
[0035] i one or more embodiments, the area of surface 154 may be substantially smaller
than the area of surface 158 and may be substantially smaller than ground planes 16 and 114
Subject to the aforementioned area ratio/duty cvcle tradeoft, the small size of NSB electrode 104
may enable reducing parasitic and series capacitance problems in some cases and may enable
mnproving the efficiency i controlling the ton enerygy distribution in some cases.

{0036} Plasma generating signal source 112 may be coupled with substrate-bearing
electrode 106, in an embodiment. Plasina generating signal source 112 may provide a plasma
generating signal {e.g., a high-frequency sinusoidal signal) for establishing plasma 120 and
sustaining the density plasma 120. The plasma generating signal may be fed to substrate-bearing
glectrode 106 and substrate 108, In one or more embodiments, plasma generating signal source
112 may be coupled with NSB electrode 104 and may provide the plasma generating signal to
NSB electrode 104,

(00371 fon energy distribution coutrolling signal source 102 may provide an lon energy
distribution controlling signal {e.g., a non-sinusoidal R¥ signal) for controlling ion energy
distribution at substrate 108, lon energy distribution controtling signal source 102 mayv be
coupled with NSB electrode 104 through a DC-blocking capacitor 110, In an advantageous
embodiment, DC blocking capacitor 110 may be eliminated if other electrode surfaces are
shietded from DC ground, sach as when ground electrodes are coated with a quartz layer (or

sintilarly suitable material) as s done in many modern plasma chamber designs. I an external

6
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DC-blocking capacitor is used between 1on energy distribution controlling signal source 102 and
NSB electrode 104, other clectrode surfaces do not need to be shielded from DC ground.

[0038] In other embodiments, jon energy distribution controlling signal source 102 may

be coupled to substrate bearing electrode 106 and mayv provide the non-sinusoidal signal for the
purpose of controlling ion energy distribation without requiring the use of an external, separate
DC-blacking capacitor in between. In this configuration, it is prefevable either that other
electrode surfaces are shielded from DC ground such as when they are coated with a goariz layer
{or similarly suitable material) as is done i many modern plasma chamber designs or that the
substrate electrode has inherent internal series capacitance, e.g. an internal dielectric layer such
as the case with the ceramic layer inside some substrate-bearing chuck,

[0039] Features and advantages of the ion energy distribution controtling signal are
discussed below with reference to the examples of Figs. 6A-78H.

[0040] Fig. 2 shows a schematic representation of components of a plasma processing

system 200 capable of controlling 1on energy distribution during processing a substrate 208 with
plasma 220 in accordance with one or more embodiments of the present invention. Plasma
processing system 200 may inclode a substrate-bearing electrode 206, a NSB electrode 204, a
plasma generating signal source 212, and an ion energy distribution controiling signal source 202
{which may provide a non~-sinusoidal signal throagh a DC-blocking capacitor 210 and NSB
electrode 204). The components and arrangements of plasma processing system 200 may be
similar to the components and arrangenents of plasma processing system 100 10 the example of
Fig. 1. In addition, plasma processing system 200 may inclade a symmetric configuration such
that substrate-beartug electrode 200 and NSB electrode 204 may have substantially the same size
andfor the same swrface area; the associated ground planes 214 and 216 may have substantially
the same size and/or the same surface area.

(00411 DC-blocking capacttor 210 may be eliminated tn one or more embodiments under
considerations similar to those discussed in connection with the elimination of the DC-blocking
capacitor in the example of Fig. 1.

{0042} Fig. 3 shows a schematic representation of components of a plasma processing
system 300 capable of coutrolling 1on energy distribution during processing a substrate 308 with
plasma 320 in accordance with one or more embodiments of the present invention. Plasma

processing systermn 300 may inchude a substrate-bearing electrode 306 for supporting substrate
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308, a cvlindrical (e.g., ring-shaped} NSB electrode 304 that may survound plasma 320, a NSB
electrode 316, a plasma generating signal source 312, and an ion energy distribution controlling
signal source 302

[0043] Plasma generating signal source 312 may be coupled with substrate-bearing
electrode 306, Plasma generating signal source 312 may provide a plasma generating signal to
substrate-bearing electrode 306 and substrate 308 for establishing plasma 320, Alternatively or
additionally, plasma generating signal source 312 may provide the plasma generating signal to
eyvlindrical NSB electrode 304 and/or NSB electrode 316.

{0044} ion energy distribution controlling signal source 302 may be coupled with
cylindrical NSB electrode 304 through DC-blocking capaciior 310, Ion engrgy distribution
controlling signal source 302 may provide a non-sinusoidal signal through DC-blocking
capacitor 310 and eylindrical NSB electrode 304, wherein NSB electrode 316 may be grounded.
Surrounding plasma 320, cylindrical NSB electrode 304 may promote the honogeneity andéor
effectiveness m controlling the 1on energy distribution.

[0045] Alernatively or additionally, ion energy distribution controlling signal source 302
may provide the non-sinusoidal signal to NSB electrode 316,

{0046} DC-blocking capacitor 310 may be eliminated m one or more embodiments under
considerations similar to those discussed in connection with the elimination of the DC-blocking
capacitor i the example of Fig. 1.

(00471 Fig 4 shows a schematic representation of a circuit model 500 representing a prior
art plasma processing system capable of controlling ion energy distribugtion. Circuit model 560
may include g NSB electrode portion 530 and a substrate-bearing electrode portion 520, Circuit
portion 330 may iclade a diode 318, a capacitor 316, and a current source 514 representing the
plasma sheath at the NSB electrode. Diode 518 may model the rectification property of the
plasma sheath, which results from the periodic collapse of the sheath, Capacitor 516 may model
the RF coupling through sheath between the plasma and the electrode surface. Current source
S14 may model the DC ion carrent going through the plasma sheath. Substrate-bearing electrode
postion 320 may include a diode 308, a capacitor S06, and a cosrent source 504, similar to diode

518, capacitor 516, and current source 514 of NSB electrode portion 330, respectively.
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{0048} in circuit model 500, an ion energy distribution controlling signal source 326 may
feed an ion encrgy distribution controlling signal thoogh a DC-blocking capacitor 528 and
substrate-bearing electrode portion 520,

[0049] Fig 5 shows, i accordance with an embodiment of the invention, a schematic
representation of a circuit model S50 representing a plasma processing system capable of
controlling ton energy distribution wherein the jou energy distribution controthing sigual source
576 1s coupled to the NSB electrode instead of to the substrate bearing electrode (as is done in
the case of Fig. 4). Circuit model 550 may mclude 3 NSB electrode portion 580 and a substrate-
bearing electrode portion 370, Circait portion SR80 nay include a diode 568, a capacitor 566, and
a current source 564 representing the plasma sheath at the NSB electrode. Diode 568 may model
the rectification property of the plasma sheath, which results from the periodic collapse of the
sheath. Capacitor 566 may maodel the RF couphing through sheath between the plasma and the
electrode surface. Current source 564 may model the DC ton current gong through the plasma
sheath. Sebstrate-bearing electrode portion 370 may include a diode 358, a capacitor 356, and a
current source 554, similar to diode 568, capacitor 566, and current source 564 of NSB electrode
portion 580, respectively.
{0050} In cicult model 550, an 1on energy distribution controlling signal source 576 may
feed an 1on energy distribution controlling signal to NSB electrode portion 580,

[0051] Fig. 6A shows a schematic representation of a non-sinusoidal signal 460
{heretnafter “signal 4007) applied 1o a substrate for controlling ton energy distribution at the
substrate in accordance with prior art. Non-sinusoidal signal 400 may be a voltage signal
provided over time, which is optimiized to produce a narrow range of high energy 1ons at the
substrate efectrode. Fig 6B shows the resulting IEDF at the substrate predicted by the model,
with two dominating peaks at the low and high energy extremes.

(00523 For typical plasma processing {e.g., dielectric etch), most or all tons reaching the
substrate sarface are positivelv charged. Therefore, signal 400 mayv include one or more negative
non-sinusotdal voltage portions, such as portion 412 between t and 6, for driving the substrate
electrode to a negative potential relative to the plasma potential for drawing out the ions, to
provide a controlled ton energy distribution at the substrate including high energy tons. Overa

substantial length of time, the negative potential of the substrate electrode should stay

9
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substantially constant (instead of being sinusoidal) for attracting the ions at a desirable and
substantially constant energy.

[0053] However, the substrate may typically be electrically floating with respect to DC
ground, 1.e. due to internal or external series capacitance, and may not discharge accumulated
charge from mcident tons. . Therefore, from time to time, e.g., pertodically, signat 400 may
need to include positive pulses, such as pulse 402, to attract electrons from the plasma 1o
neutralize the charge accumulated on the substrate electrode. As an example, the pulses may be
periodically applied at a frequency of 400 KHz (with a period length of 2.5 ms).

[0054] Given the accumulating positive charge on the substrate electrode during the
negative-voltage portions {e.g. portion 412}, an increasingly positive potential develops at the
substrate electrode during the positive-voltage portion of the applied waveform at the NSB
electrode. This will result in gradually decreasing ton energy at the sabstrate, essentially
degrading and broadening the high energy peak n the time-averaged IEDF at the substrate. This
can be addressed by shaping the waveform as shown in Fig 6A.

[0055] Fig. 7A shows a schematic representation of a non-sinusoidal signal 450
{heretnafter “signal 4507 applied by a driver to the NSB electrode, which results 1w the
application of a signal sinilar to signal 400 to the substrate in accordance with one or more
embodiments of the present invention. As an example, the driver may represent a shaped-
waveform generator shown in the example of Fig. 1. Signal 450 may include ramped positive-
voltage portions {e.g., ramped portion 462} corresponding to negative-voltage portions (e.g.,
portion 412} of signal 400, Signal 450 may also inclode pulses (e.g., pulse 452) corresponding to
pulses (e.g., pulse 402} of signal 400. In the example shown, the signal 450 is just the inversion
of the signal 40}, with the change in polarity of applied voltage required due to the change in
location of RF power application.

[00561 To address the gradual charge-up of the substrate electrode, in signal 450, the
magnitude of each positive portion, e.g., portion 452, between the periodic pulses may be
configured to increase over time to counteract the increase of positive tous at the substrate
electrode for forming the substantially constant portion 412 in signal 480.  Accordingly, lons
may be efficiently and effectively attracted to the subsirate at a substantially constant energy.
(00571 The optimal width 406 of pulse 402 (corresponding to width 456 of pulse 432 in

signal 4530) may depend on the size of the NSB electrode with respect to the total electrode area,

10
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1 order to ensure that the applhied voltage waveform drops primarily across the substrate
electrode and not at the NSB electrode, m etther circuit S00 or 350

[00S8] Fig. 68 shows a schematic representation of calcolated jon energy distribution
710 based on a first prior art arrangement with a non-sinusotdal signal fed to a substrate-bearing
electrode, such as the arrangement i circuit modet S00 iftostrated in the example of Fig. 4, lon
energy distribution 710 may include a low-ton-energy peak 712 and a high-ton-energy peak 714.
[0059] Fig. 78 shows, in accordance with an embodiment, a schematic representation of
ton energy distribution 730 based on an arrangement, such as the arrangement in circuit model
550 tlustrated in the example of Fig. 5, with a non-sinusoidal signal fed to a NSB (non-
substrate-bearing} electrode in accordance with one or more embodiments of the present
invention. fon energy distribution 730, with a low-ion-energy peak 732 and a high-ion-energy
peak 734, may be substantially equivalent to on energy distribution 710 and also may be sattable
for the particular application.

{0060} ion energy distribution 730 may be obtained from utilizing circuit modet 5350
tHustrated in the example of Fig. § with the RF waveform ntilized for generating ion energy
distribution 710 mverted and applied to NSB electrode portion 580, lon energy distribution 730
may be suitable for any control applications that 1on energy distribution 710 13 generated for.
{0061} As discussed with reference to one or more of FPigs. 1-7B, the arrangement of
feaeding the 1on energy distribution controlling signal though NSB electrode portion 580 may
provide substantial advantages, such as improved control efficiency, energy efficiency, and cost-
effectiveness.

{00621 Fig 8 shows, m gccordance with an embodiment of the mvention, a schematic
representation of a circwit model 800 representing a plasma processing system capable of
controlling ton energy distribution wherein the 1on energy distribution controtling signal source
804 15 coupled to the NSB electrode via a blocking capacitor 802, With the exception of
blocking capacitor 802, the rest of the circuit of Fig. 8 is similar to that of Fig. 5 and will not be
e¢laborated here.

[0063] When the ion energy distribution controlling signal source 804 of Fig. & feeds an
ton energy distribution controlling signal (see Fig. 9A) that 1s similar to the jon energy
distribution controlting signal emploved in Fig. 5 (see Fig. 7A) to the NSB electrode via DC

blocking capacitor 802, the ton energy distribution shown in Fig. 9B is substantially similar to

t
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that obtained in Fig. 7B that 1s associated with the circut of Fig. 5. Strictly speaking, the ion
energy distribution controlling signal of Fig. 9A has been optimized for the circuit of Fig. 8.
Irrespective, the result shows that the addition of an external DC blocking capacitor (such as
blocking capacitor 802) between the 1on energy distribution controlling signal source and the
NSB electrode does not significantly alter the ion energy distribution {comparing Fig. 9B and
Fig. 7B).

[0064] As can be appreciated from the foregoing, with the ion energy distribution
controlling signal/power {e.g., non-smusoidal power) delivered to a NSB electrode, embodiments
of the mvention may have substantial advantages over the prior art technigues.

{00635} For example, since the NSB electrode may have minimum oy no insulation and
clamping reguirements, embodiments of the invention less design constraint on the non-
sinusordal powered electrode.

[0066] Embodiments of the invention may be able to nunimize or eluminate the parasitic
capacitance problems associated with the prior art techniques, because the NSB has fewer design
restrictions than the substrate bearing electrode. Subject to the possible tradeoff between area
ratio and duty cycle discussed earlier, since the size of the NSB electrode does not need to match
the size of the substrate, the size 0f the NSB electrode may be reduced. As a result, stray
capacitance may be reduced further. Lower stray capacitance corresponds to fasier response to
pulse steps and a reduction in R¥F current required. Advantageously, precision i controlling the
1on energy distribution may be improved, and the costs of the RF components associated with
controflig the ion energy distribution may be munimized.

[0067] While this mvention has been described m terms of several embodiments, there
are alterations, permatations, and equivalents, which fall within the scope of this invention. i
should also be noted that there are many alternative ways of implementing the methods and
apparatuses of the present mvention, Furthermore, embodiments of the present invention may
find utility in other applications. The abstract section may be provided hergin for convenience
and, due to word count himitation, may be accordingly written for reading convenience and
should not be employed to limit the scope of the claims. It may be therefore intended that the
followmng appended claims be interpreted as including all such alternations, permutations, and

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

What s claimed is:
1. A plasma processing system for processing at least a substrate with plasma, the plasma
Processing Syster comprising:

a first electrode;

a second electrade, the second electrode being different from the first electrode, the
second electrode being configured for bearing the substrate; and

a first signal source coupled with the first electrode and configured to provide a non-
sinnsoidal signal through the first electrode for controlling ion energy distribution at the substrate
when the substrate is processed on the second electrode in the plasma processing system, the
non-sinusoidal signal being pertodic.
2. The plasma processing system of claim 1 wherein the second electrode 1s disposed opposite to
the first electrode such that the substrate is disposed between the second electrode and the first
electrode.
3. The plasma processing system of claim | wherein the first electrode is generally cvlindrical
and 15 configured to surround at least a portion of the plasma,
4. The plasma processing system of claum 1 further comprising a second signal source coupled
with the first electrode and configured to provide a smusoidal signal through the first electrode
for generating the plasma to process the substrate.
5. The plasma processing systent of clatm | further comprising a second signal source coupled
with the second electrode and configured to provide a simusoidal signal through the second
electrode for generating the plasma to process the substrate.
6. The plasma processing system of claim 1 further comprising:

a third electrode; and

a second signal source coupled with the third electrode and configured to provide a
sinnsoidal signal through the third electrode for generating the plasma to process the substrate,

wherein the second electrode 15 electrically grounded.
7. The plasma processing system of claim 6 wherein the third electrode is generally evhindrical
and is configured to surround at least a portion of the plasma,
8. The plasma processing system of claim 6 wherein the third electrode is disposed opposite to

the second electrode.

i3
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9. The plasma processing svstem of claim | wherein a surface of the first electrode is configured
to face a surface of the substrate, the area of the surface of the first electrode being smaller than
the area of the surface of the substrate.
10. The plasma processing system of ¢laim | wherein the fivst signal source is configured to
provide a periodic signal to the first electrode for applying the non-sinusoidal signal to the
substrate, the periodic signal including at least a first set of periodically ramped portions, each
ramped portion of the first set of periodically ramped portions having a positive slope for
counteracting increased positive ions.
t1. The plasima processing system of claim 10 wherein the periodic signal further includes at
least periodic pulses.
12. The plasma processing system of ¢claim 13 wherein the non-sinusoidal signal further mcludes
at least constant negative portions between the periodic pulses for attracting positive 1ons m the
plasnia processing svstent.
13. The plasma processing svstem of claim 1 further comprising:

a ground member surrounding the first electrode with the first electrode being disposed
between at least two portions of the ground member; and

a dielectric laver disposed between the ground member and at 2ast a portion of the first
electrode for elecirically isolating the first electrode from the ground member,
t4. The plasma processing system of claim § further comprising:

a ground member surrounding the second electrode with the second electrode being
disposed between at least two portions of the ground member; and

a dielectric laver disposed between the ground member and at east a portion of the
second electrode for electrically 1solating the second electrode from the ground member.
15, A plasma processing svstem for processing at feast a substrate with plasma, the plasma
Processing system comprising:

a first electrode;

a second electrode, the second clectrode being ditferent from the first electrode, the
second electrode being configured for bearing the sabstrate;

a first signal source coupled with at least one of the first electrode and the second

electrode, the first signal source being configered to provide a non-sinusoidal signal through the

t4
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first electrode for controlling ion energy distribution at the substrate when the substrate i
processed i the plasma processing system, the non-sinnsoidal signal being peniodic,

a ground member surrounding the at {east one of the first electrode and the second
electrode with the at least one of the first electrode and the second electrode being disposed
between at least two portions of the ground member; and

a dielectric layer disposed between the ground member and at least a portion of the at
feast one of the first electrode and the second electrode, the dielectric layer being configured for
electrically isolating the at least one of the first electrode and the second electrode from the
ground member.

16, The plasma processing system of claim 15 wherein the at {east one of the first electrode and
the second electrode represents the second electrode.
17. The plasma processing system of claim 16 further comprising:

a second ground member surrounding the first electrode with the fivst electrode being
disposed between at least two portions of the second ground member; and

a dielectric layer disposed between the second ground member and at least a portion of
the first electrode for electrically isolating the first electrode from the second ground mentber.
18. The plasma processing system of claim 13 wherein the at least one of the first electrode and
the second electrode represents the first elecirode.

19. The plasma processing svstem of claim 18 further comprising:

a second ground member surrounding the second electrode with the second electrode
being disposed between at least two portions of the second groend member; and

a diclectric laver disposed between the second ground member and at least a portion of
the second electrode for electrically isolating the second electrode from the second grownd
member.

20. The plasma processing system of claim 18 wherein the first electrode s generally evhndrical

and is configured to surround at least a portion of the plasma.

[
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