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(57) Abstract: The present disclosure generally relates to plasma assisted or plasma enhanced processing chambers. More specifically,
embodiments herein relate to electrostatic chucking (ESC) substrate supports configured to provide independent pulses of direct-current
("DC") voltage through a switching system to electrodes disposed in the ESC substrate support. [n some embodiments, the switching
system can independently alter the frequency and duty cycle of the pulsed DC voltage that is coupled to each electrode. In some
embodiments, during processing of the substrate, the process rate, such as etch rate or deposition rate, can be controlled independently in
regions of the substrate because the process rate is a function of the frequency and duty cycle of the pulsed DC voltage. The processing
uniformity of the process performed on the substrate is improved.
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SYSTEM FOR COUPLING A VOLTAGE TO SPATIALLY SEGMENTED PORTIONS
OF THE WAFER WITH VARIABLE VOLTAGE

BACKGROUND
Field

[0001] zmbaodiments described herein generally relate {0 processing chambers
used in semiconductor manufacturing, in particular, {0 processing chambers having a
substrate support assembly configured o bias a substrate disposed thereon, and

methods of processing the substrate.

Description of the Related Art

{0002} Reliably producing high aspect ratio features is one of the key technology
challenges for the next generation of very large scale integration (VLS and ultra
large scale integration (ULS!) of semiconductor devices. One method of forming high
aspect ratio features uses a plasma assisted siching process o form high aspect
ratio openings in a material layer, such as a dielectric layer, of a substrate. In a
typical plasma assisted eiching process, a plasma is formed in the processing
chamber and ions from the plasma are accelerated ifowards the substrate, and
openings formed in a mask thereon, to form openings in a material layer beneath the

mask surface.

{0003] Typically, the ions are accelerated {owards the substrate by coupling a low
frequency RF power in the range of 400 kHz to 2 MHz o the substrate thereby
creating a bias voltage thereon. However, coupling an RF power {o the substirate
does not apply a single voltage o the substrate relative to the plasma. In commonly
used configurations, the potential difference between the substrate and the plasma
oscillaies from a near zero value to a maximum negative value at the frequency of
the RF power. The lack of a single potential, accelerating ions from the plasma to the
substrate, resulls in a large range of ion energies at the substrate surface and in the
openings (features) being formed in the material layers thereof. In addition, the

disparate ion trajectories that resull from RF biasing produce large angular
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distributions of the ions relative to the substrate surface. Large ranges of ion
energies are undesirable when etching the openings of high aspect ratio features as
the ions do not reach the bottom of the features with sufficiently high energies to
maintain desirable eich rates. Large angular distributions of ions relative o the
substrate surface are undesirable as they lead o deformations of the festure profiles,

such as necking and bowing in the vertical sidewalls thereof.

{0004] Accordingly, there is a need in the ant for the ability to provide narrow
ranges of high energy ions with low angular distributions at the material surface of a

substrate during a plasma assisted etching process.

SUMMARY

{0005] The present disclosure generally relates to plasma assisted or plasma
enhanced processing chambers. In one embodiment, a subsirate support assembly
includes a substrate support, a plurality of elecirodes extending through the substrate
support, a pair of swilches, wherein each elecirode of the plurality of elecirodes is
electrically connected to the pair of switches, at least one trim voltage source
glectrically connected between the pair of swilches and at least one of the plurality of

electrodes, and a chucking electrode planarly embedded in the substrate support.

{0008] In another embodiment, a substrale support assembly includes a substrate
support, a plurality of bias electrodes embedded in the substrate support, a pair of
swiiches, wherein each bias electrode of the pluralily of elecirodes is electrically
connected to the pair of swilches, at least one trim voltage source electrically
connected between the pair of switches and at least one of the plurality of electrodes,

and a chucking electrode planarly embedded in the substrate support.

[9007] In another embodiment, a processing chamber includes a chamber lid, one
or more sidewalls, a chamber bottom, wherein the chamber ld, the one or more
sidewalls, and the chamber bottom define a processing volume, and a substrate
support assembly disposed in the processing volume, the subsirate support

assembly including a cooling base, a subsirate support coupled to the cooling base,
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a chucking electrode planarly embedded in the subsirate support, a plurality of bias
electrodes embedded in the substrate support, a pair of switches, wherein at least
one bias electrode of the plurality of bias electrodes is eleclrically connecled o the
pair of swilches, and at least one trim voltage source electrically connected between

the pair of switches and at least one of the bias electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[8008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. [t is to be noted, however, that the
appended drawings illustrate only typical embodiments of this disclosure and are
therefore not to be considered limiting of its scope, for the disclosure may admit to

other equally effective embodiments.

{0003] Figure 1A is a schemalic sectional view of a processing chamber including
a subsirate support with a plurality of electrodes disposed therein, according to one

embodiment.

{0018} Figure 1B is a plan view of a portion of the substrate support assembly

shown in Figure 1A, according to one embodiment.

[0011] Figure 2A is a schematic sectional view of a processing chamber inciuding
a substrate support with a plurality of electrodes embedded therein, according to one

embodiment.

{0612} Figure 2B is a plan view of the substrate support assembly shown in Figure

2A, according to one embodiment.

{0013} Figures 3A-3C are schematic views of a swilching system according {o

embodiments described heresin.
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{0014] Figure 4 i3 a flow diggram illustrating a method of biasing regions of a
substrate during plasma assisted processing, according to embodiments described

herein.

[6015] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. it is
contemplated that elements and features of one implementation may be beneficially

incorporated in other implementation without further recitation.

DETAILED DESCRIPTION

{00186] The present disclosure generally relates to plasma assisted or plasma
enhanced processing chambers. More specifically, embodiments herein relate {o
electrostatic chucking (ESC) substrate supports configured to provide independent
pulses of direct-current ("DC”) voltage through a switching system to electrodes
disposed in the ESC substrate support, for example pins disposed through the
substrate support, or {0 elecirodes disposed on a surface of the substrate support, or
to electrodes embedded in the substrate support. In some embodiments, the
switching system can independently aler the frequency and duty cycle of the puised
DC voltage that is coupled to each electrode. In some embodiments, a puised DC
voltage that is coupled to an elecirode is independently adjusied by one of a plurality
of frim voltage sources coupled to the electrode. In some embodiments, during
proceassing of the substrate, the process rate, such as eich rate or deposition rale,
can be controlied independently in regions of the substrate because the process rate
is a function of the frequency, the duly cycle, and the vollage magnitude of the
pulsed DC voltage. The processing uniformity of the process performed on the

substrate is improved.

{6017} Figure 1A is a schematic sectional view of a processing chamber 100
having an electrosiatic chucking (ESC) substrate support assembly 160 disposed
therein, according {c one embodiment. In this embodiment, the processing chamber

100 is a plasma processing chamber, such as a plasma etch chamber, a plasma-
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enhanced deposition chamber, for example a plasma-enhanced chemical vapor
deposition (PECVD) chamber, a plasma treatment chamber, or a plasma-enhanced
atomic layer deposition (PEALD) chamber, or a plasma based ion implant chamber,

for example a plasma doping (PLAD) chamber.

[9018] The processing chamber 100 includes a chamber lid 103, one or more
sidewalls 102, and a chamber bottom 104 which define a processing volume 120,
The chamber lid 103 includes a showerhead 112 having a plurality of openings 118
disposed therethrough. The showerhead 112 is used to uniformly distribute
procassing gases from a gas inlet 114 formed in the chamber lid 103 into the
processing volume 120, The showerhead 112 is coupled to an RF power supply
142, or in some embodimenis a VHF power supply, which forms a plasma 135 from
the processing gases through capacitive coupling therewith. The processing volume
120 is fluidly coupled to a vacuum, such as to one or more dedicated vacuum pumps,
through a vacuum outlet 113 which maintaing the processing volume 120 at sub-
atmospheric conditions and evacuates processing and other gases therefrom. A
substrate support assembly 160 is disposed in the processing volume 120 and is
configured to support a substrate 115 during processing. The substrate support
assembly 160 includes a substrate support 127, a cooling base 125 coupled to the
subsirate support 127, and a plurality of elecirodes 138 extending through the
substrate support 127. The substrate support assembly 160 is disposed on a support
shaft 124 sealingly extending through the chamber boitom 104. The support shaft
124 is coupled 1o a controller 140 that raises and lowers the support shaft 124, and
the subsirate support assembly 160 disposed thereon, o facilitate processing of the
substrate 115 and transfer of the substrate 115 into and out of the processing
chamber 100. Typically, when the substrate support assembly 160 is in a raised or
processing position, the substrate 115 is spaced apart from the showerhead 112

between about 0.2 inches and 2 inches, such as about 1.25 inches.

{0018} The substrate 115 is loaded info the processing volume 120 through an
opening 126 in one of the one or more sidewalls 102, which is conventionally sealed

with a door or a valve (not shown) during the processing of the substrate 115, A
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plurality of lift pins 130 disposed above a lift pin hoop 134 are movably disposed
through the substrate support assembly 160 to facilitate transferring of the substrate
115 thereto and therefrom. The lift pin hoop 134 is coupied to a lift hoop shaft 131
sealingly extending through the chamber bottom 104, which raises and lowers the iift
pint hoop 134 by means of an actuator 130. When the lift pin hoop 134 is in a raised
position, the plurality of lift pins 136 exiend above the surface of the subsirate
support 127 lifting the substrate 115 therefrom and enabling access {0 the substrate
115 by a robot handler (not shown). When the lift pin hoop 134 is in a lowered
position, the plurality of lift pins 136 are flush with, or below the surface of the
substrate support 127, and the substirate 115 rests on the electrodes 138 extending

through the substrate support 127.

{6020} The cooling base 125 of the substrate support assembly 160 is used to
requlate the temperature of the substrate support 127, and thereby the substrate 115
disposed thereon, during processing. The cooling base 125 may include one or
more fluid conduits 137 formed therein that are fluidly coupled to, and in fluid
communication with, a coolant source 133, such as a refrigerant source or water
source. The cooling base 125 is formed of a corrosion resistant electrically and
thermally conductive malerial, such as a corrosion resistant metal, for example
aluminum, an aluminum alloy, or stainless steel. The substrate support 127 is
typically formed from a dielectric material, such as a ceramic material, for example
AlzOs, AN, Y203, or combinations therecof. The substrate support 127 herein is
thermally and fixedly coupled to the coocling base 125 with an adhesive or by suitable
mechanical means.

{00621} The substrate support assembly 160 provides for electrical biasing of the
subsirate 115 and clamping of the subsiraie 115 thereto. The subsirate 115 is
biased through direct electrical contact with the plurality of elecirodes 138, The
plurality of electrodes 138, which is substantially conductive, may be fixed or movably
coupled {o the substrate support 127 or the cooling base 125, In one embodiment,
each electrode 138 is spring mounted. In one embodiment, the elecirodes 138 are

conductive pins. The plurality of electrodes 138 are formed of a corrosion resistant
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glectrically conductive material, such as aluminum, an aluminum alloy, silicon
carbide, or combinations thereof. The plurality of electrodes 138 is collectively
connected to a first power supply 156A and a second power supply 1568 through a
switching system 152. As shown in Figure 1A, the electrodes 138 are in electrical
contact with the cooling base 128, and the electrically conductive cooling base 125 is
electrically connected {o the swilching system 152, In one embodiment, the first
power supply 156A is a positive DC voltage source and the second power supply
1568 is a negative DC voliage source. In one embodiment, the elecirodes 138 are
collectively connected to the first power supply 156A and the second power supply
1568 through the swilching system 152, as shown in Figure 1A,  In another
embodiment, each electrode 138 is independently connected to the first power
supply 156A and the second power supply 1568 through the switching system 152.

(00221 The switching system 152 includes two switches, such as solid state
pulsers/switchers or fast high voltage transisior swilches, capable of converting a
high voltage (HV) DC power to a cyclic DC voltage having a frequency between
about 10Hz and about 1 MHz. For example, the switches may have a swilching
frequency of up to 1 MHz. Such switches may be operable to interrupt and re-
esiablish electrical connection at a frequency up to 1 MHz. In other cases, the
swilches may be operable {o vary the bias of the electrodes 138 between a first value
that is a target bias value and a second non-zero value with an absolute value beiow
a threshold vaiue, for example about 5% of the target value, at a frequency up o
about 1 MHz, In one embodiment, the switches are fast high-voltage transistor
switches, and the cydlic DC voltage has a frequency of about 1 MHz.  In another
embodiment, the switches are fast high-voltage transistor switches, and the cyclic DC
voltage has a frequency of about 100 kHz. In ancther embodiment, the swilches are
fast high-voltage transistor switches, and the cyclic DC voliage has a frequency of
about 10 kHz. In ancther embodiment, the switches are fast high-voltage transistor
switchas, and the cyclic DC voltage has a frequency of about 1 kHz. The swiiching
system 152 further includes a trim vollage source for providing an additional electric
potential {o the electrodes 138 that can be tuned to achieve a desired electric
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potential at the electrodes 138, while the swilches provides connection o either the
first or second voltage source 156A/8.  Because the process rale, such as eich rate
or deposition rate, is a function of the frequency, the duly cycle, and the vollage
magnitude of the pulsed DC voltage, the process rate can be finely controlied. The

switching system 152 is described in more detail in connection with Figure 3A.

(60231 During processing, the subsirate 115 resis on, and makes direct contact
with, the plurality of electrodes 138 which extend above the dielectric material of the
substrate support 128 g distance G. The distance G is between about 1 um and
about 10 um, such as between about 3 um and about 7 um, for example about & um.
The substrate 115, spaced apart from the subsirate support surface 128 by the
distance G, is securely held fo the plurality of elecirodes 138 by a clamping force
from a chucking electrode 122. The chucking electrode 122 includes one or more
continuous electrically conductive materials, such as a mesh, foil, or plate planarly
disposed and embedded in the dielectric material of the substrate support 127. The
chucking electrode 122 is electrically isolated from the plurality of electrodes 138 by
openings formed in the chucking electrode 122. The chucking electrode 122 is
electrically coupled {0 a chucking controller 154 that is electrically coupled to a third
power supply 158, for example a static DC power supply. in some embodiments, the
chucking elecirode 122 includes one or more disconiinuous conductive materials,
such as meshes, foils, plates, or combinations thereof, that are electrically coupled
with one or more conneclors so that the discontinuous materials form a single

alectrode.

[0024] Figure 18 is a plan view of a portion of the substrate support assembly 160
shown in Figure 1A, according io one embodiment. As shown in Figure 1B, the
subsirate support assembly 160 includes the subsiraie support 127. The pluralily of
iift pins 136 can extend through the subsiraie support 127. In one embodiment, there
are three lift pins 136. The plurality of electrodes 138 exiend through the substrate
support 127, and the plurality of electrodes 138 may be arranged to couple puised
DC voltage to spatially segmented portions, or regions, of the substrate 115, In one

embodiment, the plurality of electrodes 138 is arranged in a circular patiern, as
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shown in Figure 1B. In one embodiment, the plurality of elecirodes 138 may be

arranged in two or more concentric circles.

[0025] Figure 2A is a schematic sectional view of the processing chamber 100
with an ESC substrate support assembly 200 disposed therein, according to one
embodiment. The processing chamber 100 shown in Figure 2A is similar 1o the
processing chamber 100 shown in Figure 1A, except the ESC subsirate support
assembly 160 is replaced with a different ESC substrate support assembly 200, The
substrate support assembly 200 includes a substrate support 227 and the cooling
base 125 thermally coupled {o the substrale support 227. The substrate support 227
includes a subsirate support surface 203 configured to support the substrate 115
during processing. The cooling base 125 of the substirate support assembly 200 is
used to regulate the temperature of the substrate support 227, and in some cases
the substrate 115 disposed on the substrate support surface 203, during processing.
The cooling base 125 is thermally coupled to the subsirale support 227 with an

adhesive or by mechanical means.

{0026} As shown in Figure 2A, a backside gas is provided between the substirate
115 and the substrate support surface 203 of the subsirate support assembly 200
during processing, where the backside gas thermally couples the substrate 115 to the
subsirate support surface 203 and increases the heat transfer therebetween. The
substrate support surface 203 includes a plurality of protrusions 228 extending
therefrom. The plurality of protrusions 228 enables the backside gas to flow between
the substrate 115 and the substrate support surface 203. The backside gas flows to
the substrate support surface 203 through one or more gas conduits 229 formed in
the substrate support 227. The one or more gas conduits 229 are coupled {o an inert
backside gas source 246, such as a He gas source, via one or more gas conduils
230 formed in the cooling base 125. in one embodiment, a dielectric coaling is
formed over the subsirate support surface 203. The dislectric coating is fabricated

from a dielectric material, such as Al Os;, AN, Y203, or combinations thereof.
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{0027} A plurality of bias electrodes 238A-C and a unitary chucking elecirode 222
are embedded in the substrate support 227. The bias eleclrodes 238A-C are
glectrically isolated from each other and from the chucking electrode 222. Each of
the plurality of bias electrodes 238A-C is configured to provide one or more
independent pulsed DC voltage o respeclive regions of the substrate 115 through
capacitive coupling. The chucking electrode 222 provides a clamping force belween
the substrate 115 and the substrate support surface 203 by providing a potential
therebetween. The chucking electrode 222 is connecied to the third power supply
158. The distance D1 between the bias electrodes 238A-C and the substrate
support surface 203 ranges from about 5 pm to about 300 pm, such as from about

100 um to about 300 um, for example about 160 um.

{6028} in one embodiment, a plurality of conductive features is disposed on the
subsirate support surface 203. Each conductive feature is disposed between
adjacent protrusions 228. Each conductive feature is electrically connected 1o a
corresponding bias electrode 238A-C. In one embodiment, the dieleclric coating is

formed over the plurality of conductive features.

{0028] In some embodiments, the substrate support 227 is configured to support a
substrate 115, such as a 300 mm diameter substrate. The substrate support 227
includes between 2 and 20 bias elecirodes, such as the three bias electrodes 238A-
C shown. However, larger substrate supports for processing larger substrates and/or
subsirates of different shapes may include a different number of bias electrodes.
Each of the plurality of bias electrodes 238A-C is formed of one or more electrically
conductive material parts, such as a metal mesh, foil, plate, or combinations thereof.
In some embodiments, each of the plurality of bias elecitrodes 238A-C is formed of
more than one discontinuous electrically conductive material paris, such as a plurality
of metal meshes, foils, plates, or combinations thereof, that are electrically coupled
with one or more connectors (not shown) disposed in the substrate support 227 so
that the electrically coupled discontinuous material paris comprise a single elecirode,
such as the center bias electrode 238A, the intermediate bias slectrode 238B, or the

outer bias electrode 238C.

10
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{0030} Typically, the plurality of bias electrodes 238A-C is spatially arranged
across the substrate support 227 in a patiern that is advantageous for managing
uniformity of processing results across the substrate 115, In one embodiment, the
electrode 238A is a circular plate and the bias electrodes 238B-C are discontinuous
annuluses, which define a plurality of concentric zones. In other embodiments, other
spatial arrangements include spoke pallerns, grid patlerns, line patterns, spiral
patterns, interdigitated patterns, random patterns, or combinations therecf. In one
embodiment, the plurality of bias electrodes 238A-C is planarly disposed with each
other and with the chucking electrode 222. Each of the plurality of bias electrodes
238A-C is electrically isolated from the chucking electrode 222 by openings formed in
the chucking electrode 222 and by the dielectric material of the substrate support 227
disposed therebetween. In other embodiments, the plurality of bias electrodes 238A-
C, and/or portions thereof, are coplanar with each other and are closer o the

substrate support surface 203 than the chucking electrode 222,

{0031] Each of the plurality of bias electrodes 238A-C is independently electrically
connected to the first power supply 156A and the second power supply 1568 through
a switching system 252, Each of the plurality of bias electrodes 238A-C can provide
an independently controlled pulsed DC voltage to a region of the substrate 115
adjacent to, or in contact with, the bias electrode 238A-C. The switching system 252

is described in detail in Figures 3B-3C.

[0032] Figure 2B is a plan view of a portion of the substrate support assembly 200
shown in Figure 2A. As shown in Figure 2B, the substrate support assembly 200
includes the substraie support 227. The plurality of bias electrodes 238A-C and the
chucking electrode 222 are embedded in the substrate support 227, As shown in
Figure 2B, the bias elecirode 238A is a circular plate, the bias elecirode 238B are
three discontinuous elecirode pieces defining a first annulus, and the bias electrode
238C are three discontinuous electrode pieces defining a second annulus. The first
and second annuluses defined by the bias eleclrodes 2388, 238C are concentric with
the circular plate of the bias electrode 238A. In one embodiment, each electrode

piece of the bias electrodes 2388, 238C is independently connected io the first

11
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power supply 1568A and the second power supply 1568 through the switching system
252. In another embodiment, the electrode pieces of the bias elecirode 2388, 238C
are electrically connected to each other and to the first power supply 156A and the
second power supply 1568 through the switching system 252, The chucking
electrode 222 is electrically isolated from the plurality of bias electrodes 238A-C. The
arrangement, or pattern, of the plurality of bias electrodes 238A-C provides pulsed
DC voltage to respective regions of the substrate 115 that the process rate, such as

eich rate or deposition rate, performed thereon can be independently controlied.

{0033} Figure 3A is a schematic view of the switching system 152 according (o
one embodiment. As shown in Figure 3A, the switching system 152 includes a pair
of switches $9, §10 and a trim voltage source 301. Each switch $8, 510 may be a
solid state pulser/switch, a high-voltage transistor switch, or any suitable switch. The
fast high voltage transistor switch may have a switching time, for example a tum-
offfturn-on time in the case of a switch that interrupts the circuit, a circuit change time
in the case of a swiich that switches from a first circuit to a second circuit, or a state 1
to state 2 time in the case of a swiich that changes only the bias of the electrodes
138, of about 1 microsecond, or longer times, which enables fast switching of pulsed
DC voltages to regions of the substrate 115, The trim voltage source 301 may be a
small voltage source, such as a voltage source capable of produce a voltage of up to
positive or negative 500 V. The first and second power suppliers 156A, 1568 are
large voltage sources capable of produce voltages up to positive or negative 5000 V.
The trim voltage source 301 is connected to the cooling base 125 by an electrical
cornection 303. The trim vollage source 301 is electrically connected between the
pair of switchas 59, $10 and the plurality of electrodes 138, The trim voltage source
301 can be utlilized to fune the vollages applied to regions of the subsirate 115

through the plurality of electrodes 138.

{0034] Figure 3B is a schematic view of the swilching system 252 according o
one embodiment. As shown in Figure 3B, the switching system 252 includes a
plurality of switches &1, 52, 83, 54, 55, 56 and a plurality of trim voliage sources
320, 322, 324. Each swilch S1, §2, &3, &4, §&, S8 may be a solid state

12
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pulser/switch, a high-voliage transisior swiich, or any suitable switch. The fast high
voltage transistor switch may have a switching time, for example a turn-offfiurn-on
time in the case of a swilch that interrupts the circuit, a circuit change time in the case
of a switch that switches from a first circuit to a8 second circuit, or a state 1 to stale 2
time in the case of a switch that changes only the bias of the bias eleclrodes 238A-C,
of about 1 microsecond, or longer times, which enables fast switching of pulsed &C
voltages to regions of the substrate 115, The trim voltage sources 320, 322, 324
may be a small voltage source, such as a voltage source capable of produce a
voltage of up to positive or negative 500 V. The switches S1, 52, §3, 54, $5, 56
form a plurality of pairs of switches, and each pair of switches S1/52, $3/54, $5/56 is
connected to a corresponding bias electrode 238A-C shown in Figure 2A via an
electrical connection 302, 304, or 306. Each voltage source of the plurality of voltage
sources 320, 322, 324 is elecirically connecled between each pair of switches and
the corresponding bias electrode 238A-C. One switch of the pair of swilches is
connected to the first power supply 156A, and the other swiich of the pair of swilches
is connected to the second power supply 156B. For example, switches 32, 54, 56
are connected to the first power supply 156A, and swilches 51, 53, S5 are
connected to the second power supply 1568B. The switches 81, 82, 83, 34, 55, and
56 are comnected to the reference voltage of one of the voltage sources 320, 322,
324, such that each voltage source 320, 322, 324 provides a small voltage bias,
positive or negative, relalive {o the culput polential of the swilches. In this way, the
voltage sources 320, 322, and 324 can provide different electric potentials to different
bias elecirodes 238A-C.

[0035] Each bias electrode 238A-C shown in Figure 2A is connectad {o both the
first and second power supplies 156A, 1568, and depending on the position of the
switchas 51-86, different pulsed DC voltage can be applied to the bias electrodes
238A-C to control the process rate, for example etch rate or deposition rate, across
the substrate 115 during processing.  Furthermore, each bias electrode 238A-C
shown in Figure 2A is connected 1o one of the voltage sources 320, 322, or 324, o

provide local tuning of the voltage applied thereto. iIn other words, each bias
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electrode 238A-C shown in Figure 2A is connected to a pair of switches and one
voltage source of the plurality of voliage sources 320, 322, 324, one swilch of the
pair of switches is connecled to the first power supply 156A, and the other switch of
the pair of switches is connected to the second power supply 1568, Each voltage
source 320, 322, 324 connected to each bias electrode 238A-C provides an
additional voltage to the voltage supplied by the first and second power supplies
156A, 1568B. The individual voltage source 320, 322, 324 provides for making
ncremental voltage adjustments in each region of the subsirate 115 to control

processing rate and uniformity.

[00386] Although three pairs of swilches and three voltage sources are shown in
Figure 3B, more or less pairs of swilches and voliage sources may be utilized. In
one embodiment, eight pairs of switches, or sixteen switches, and eight voltage
sources, are utilized in the switching system 252, in one embodiment, the first power
supply 156A is a positive DC voltage source and the second power supply 1568 is a
negative DC voltage source. Thus, the power supplied to the bias electrodes 238A-C
can be bhipolar. The swilches 82, S4, 56 connected to the positive power supply
156A control the timing of the positive bias pulses, and the swilches 51, 53, 558
connected to the negative power supply 1568 control the timing of the negative bias
pulses. The timing of the positive and negative bias puises may be coordinated. For
example, a coordinated voliage sequence includes a negative voltage puise followed
by a positive voliage pulse, or vice versa. The magniludes of the positive and
negative puises are independently sef by the power supplies 156A, 1568 and the
plurality of voltage sources 320, 322, 324. The durations of the positive voitage
pulses and the negative voltage pulses are independently conircilable by the
switches 51, 82, 83, S4, 55, 56. The overall duration of the cycle is managed by the
coordinated switching of the swilches &1, 82, §3, &4, &5, S8 for each bias electrode
238A-C,

{0037} in one embodiment, each power supply 1564, 1568 has one power setting.
in anocther embaodiment, sach power supply 156A, 1568 has multiple power setlings.

With the swilching system 252 connecting both the positive power supply 1568A and

14
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the negative power supply 1568 {o each bias electrode 238A-C, independent bipolar
pulses can be applied to each bias electrode 238A-C. The bipolar pulses can have
independent settings among bias electrodes 238A-C, and the durations of the
positive and negative pulses to each bias electrode 238A-C can be independently

controlled.

{0038] Figure 3C is a schematic view of the swilching sysiem 252 according to
another embodiment. The switching system 252 includes two switches 57, &8 and
the plurality of voltage sources 320, 322, 324. The switches 57, 58 may be the same
switches as the switches 51-86. The switch $7 is connected to the first power
supply 186A, and the switch 58 is connected o the second power supply 1568, The
voltage sources 320, 322, 324 are connected to the swilches $7, 58, In one
embodiment, the switch S7 may be on and the switch 58 may be off so the pulsed
DC voltage from the first power supply 156A is applied to the electrical connections
302, 304, 306. The vollage sources 320, 322, 324 provide additional voltages 1o the
pulsed DC voltage from the first power supply 156A {0 the electrical connections 302,
304, 306, respectively. In another embodiment, the switch S8 may be on and the
switch 57 may be off so the pulsed DC voltage from the second power supply 1568
is applied o the electrical connections 302, 304, 308. The vollage sources 320, 322,
324 provide incremental voltages to the pulsed DC voitage from the second power
supply 1568 to the electrical connections 302, 304, 306, respeclively. The overall
duration of the cycle is managed by the coordinated swiiching of the switches 57, 58
and the incremental voltage supplied by each voltage source 320, 322, 324 for each
bias electrode 238A-C.

{0039} Figure 4 is a flow diagram illustrating a method 400 of biasing a substrale
during plasma assisted processing, according to embodiments described herein.
The method 400 includes block 410 with flowing a processing gas into a processing
chamber. The processing chamber may be the processing chamber 100. At block
420, a plasma is formed in the processing chamber from the processing gas. At
block 430, a substrate iz electrically clamped o a subsirate support, such as

substrate support 127 described in Figure 1A or substrate support 227 described in

15
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Figure 2A, disposed in the processing chamber, such as the processing chamber
100. The clamping force is provided by an ESC electrode embedded in dielectric

material of the substrate support and coupled {o an ESC power.

{0040} The method 400 at block 440 includes coupling a plurality of pulsed DC
voltages {o respective regions of the substrate via a plurglity of eleclrodes. The
plurality of electrodes may be the plurality of bias electrodes 238A-C described in
Figure 2A or the electrodes 138 of Figure 1A, The plurality of pulsed DC voltages
may include both positive and negative DC voltages. Each respective pulsed DC
voltage provides an individual pulsed DC voltage to a region of the substrate through
capacitive coupling or direct contact with the electrodes. The plurality of pulsed DC
voltages is varied by a pluralily of voltage scurces, such as the plurality of voilage
sources 320, 322, 324 described in Figure 3A. In some embodiments, the plurality of
pulsed DC voltages includes more than one polarity and/or more than one frequency.
The plurality of pulsed DC voltages is applied to the electrodes via a swilching
system including a plurality of switches and a plurality of voliage sources. The
switching system may be the swilching system 152 described in Figure 3A or the
switch system 2562 described in Figures 3B and 3C. The plasma may be formed after
block 420, 430, or 440,

{0041] The substrate support assembly and method described herein enable
pulsed DC biasing of individual substrate regions, through capacitive coupling or
direct electrical coniact, during plasma assisted processing that is compatible with
use of an electrostatic clamping force. Puised DC biasing allows for increased
control of ion energy and angular distribution at the substrate surface and/or regions
thereof and in feature openings formed therein. This increased control is desirable at
ieast in forming high aspect ratlic features andfor features requiring a siraight etch
profile, such as high aspect ratio eiching in dielectric materials for memory devices,
including non-volatile flash memory devices and dynamic random access memory
devices, and in silicon etch for shallow trench isclation (ST1) applications or for silicon

fins used in FinFET devices. The ability to apply varying potentials to different
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regions of the substrate enables tuning of across-substrate processing uniformity and

improvement thereof.

{0042} While the foregoing is directed {o embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing

from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A substrate support assembly, comprising:

a substrate support;

a plurality of electrodes extending through the substrate support;

a pair of swiiches, wherein each elecirode of the plurality of electrodes is
electrically connected to the pair of swiiches;

at least one trim voltage scurce electrically connecled between the pair of
switches and at ieast one of the plurality of electrodes; and

a chucking electrode planarly embedded in the substrate support.

2. The substrate support assembly of claim 1, wherein the pluralily of elecirodes

is a plurality of conductive pins.

3. The substrale support assembly of claim 1, wherein an elecirode of the
plurality of elecirodes comprises aluminum, an aluminum alloy, silicon carbide, or
combinations thereof.

4, The substrate support assembly of claim 1, wherein each switch of the pair of
switches is a fast high-voltage transistor switch.

5. The substrate support assembly of claim 1, wherein at least a portion of the

plurality of electrodes is arranged in a circular pattem.

8. The substirate support assembly of claim 1, further comprising a first voltage
source connected {o one swilch of the pair of swilches and a second voltage source
connected {o the other swilch of the pair of switches.

7. The substrate support assembly of claim 6, wherein the first voltage source

and the second voltage source have opposite polarity.

18
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8. A substrate support assembly, comprising:

a substrate support;

a plurality of bias elecirodes embedded in the substrate support;

a pair of swilches, wherein each bias electrode of the plurality of bias
electrodes is electrically connected to the pair of swilches;

at least one trim voltage source electrically connected between the pair of
switches and at least one of the bias elecirodes of the plurality of elecirodes; and

a chucking electrode planarly embedded in the substrate support.

9. The substrate support assembly of claim 8, wherein each switch of the pair of

switches is a fast high-voliage transistor switch.

10. The subsirate support assembly of claim 8, wherein the plurality of bias

electrodes comprises two 10 20 bias electrodes.

11.  The substrate support assembly of claim 8, further comprising a first voitage
source connected to one switch of the pair of swilches and a second volltage source

connected to the other switch of the pair of swilches.

12.  The subsirate support assembly of claim 11, wherein the first voltage source

and the second voltage source have opposite polarity.

13, A processing chamber, comprising:

a chamber lid;

one or more sidewalls;

a chamber bottom, wherein the chamber lid, the one or more sidewalls, and
the chamber boltom define a processing volume; and

a subsirate support assembly disposed in the processing volume, the
substrate support assembly comprising;

a cooling base;

a subsirate support coupled {o the cooling base;

19
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a chucking electrode planarly embedded in the substrate support;

a plurality of bias electrodes embedded in the substrate support;

a pair of switches, wherein at least one bias electrode of the plurality of
bias electrodes is electrically connecled to the pair of swilches, and

at least one trim voltage source electrically connected between the pair

of switches and af least one of the bias slectrodes.
14.  The processing chamber of claim 13, further comprising a first voltage source
connected to one swilch of the pair of switches and a second voltage source

connected to the other switch of the pair of swifches.

15, The processing chamber of claim 14, wherein the first voltage source and the

second voliage source have opposite polarily.

20
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FIG. 1B
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i
FIG. 4 o
,//416
FLOWING A PROCESSING GAS INTO A PROCESSING CHAMBER
J/r423
FORMING A PLASMA FROM THE PROCESSING GAS
M/féﬁﬁ
ELECTRICALLY CLAMPING A SUBSTRATE TO A SUBSTRATE SUPPORT
DISPOSED IN THE PROCESSING CHAMBER
J/w448
COUPLING A PLURALITY OF PULSED DC VOLTAGES
10 RESPECTIVE REGIONS OF THE SUBSTRATE VIA

A PLURALITY OF BIAS ELECTRODES (R
ELECTRODES, THE PLUBALITY OF PULSED
0C INCLUDE BOTH POSITIVE AND NEGATIVE DC VOLTAGES




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/046182

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/683(2006.01)i, HO2N 13/00(2006.01)i, B23Q 3/15(2006.01)i, HO1L 21/67(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/683; B25B 11/00; C23C 14/00; HO1J 37/32; HO1L 21/68; HO1L 21/687; HO2N 13/00; B23Q 3/15; HO1L 21/67

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: processing chamber, plasma, bias electrode, chucking electrode, switch, trim voltage source,
conductive pin

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 6099697 A (HAUSMANN, GILBERT) 08 August 2000 1-15
See column 3, line 39 - column 4, line 33, column 5, line 60 -
column 6, line 22 and figure 2.

A US 2006-0158823 A1 (MIZUNO et al.) 20 July 2006 1-15
See paragraphs [0076]-[0081] and figure 1.

A US 2017-0169996 A1 (KABUSHIKI KAISHA TOSHIBA) 15 June 2017 1-15
See paragraphs [0177]-[0185] and figure 25.

A US 2007-0285869 A1 (HOWALD, ARTHUR M.) 13 December 2007 1-15
See paragraphs [0051]-[0057] and figures 1-4.

A US 2016-0056017 A1 (SAMSUNG ELECTRONICS CO., LTD.) 25 February 2016 1-15
See paragraphs [0039]-[0046], [0065]-[0069] and figures 1, 2B, 6.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
30 November 2018 (30.11.2018) 30 November 2018 (30.11. 2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office CHOL Sang Won
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8291

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/046182
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6099697 A 08/08/2000 JP 2001-044268 A 16/02/2001
KR 10-2000-0071664 A 25/11/2000
TW 460910 B 21/10/2001
US 2006-0158823 Al 20/07/2006 JP 2004-022888 A 22/01/2004
JP 2004-022889 A 22/01/2004
JP 2004-253403 A 09/09/2004
JP 4010541 B2 21/11/2007
JP 4061131 B2 12/03/2008
JP 4338376 B2 07/10/2009
KR 10-0511854 Bl 02/09/2005
KR 10-2004-0002552 A 07/01/2004
TW 200405443 A 01/04/2004
TW 1233658 B 01/06/2005
US 2004-0040665 Al 04/03/2004
US 2009-0059462 Al 05/03/2009
US 2009-0122459 Al 14/05/2009
US 2010-0046134 Al 25/02/2010
US 7623334 B2 24/11/2009
US 7724493 B2 25/05/2010
US 7791857 B2 07/09/2010
US 7848077 B2 07/12/2010
US 2017-0169996 Al 15/06/2017 CN 103681196 A 26/03/2014
JP 2014-082449 A 08/05/2014
JP 6207880 B2 04/10/2017
KR 10-1497234 Bl 27/02/2015
KR 10-2014-0040640 A 03/04/2014
TW 201417137 A 01/05/2014
TW 1482194 B 21/04/2015
US 2014-0083977 Al 27/03/2014
US 2007-0285869 Al 13/12/2007 AU 5817999 A 17/04/2000
CN 101006630 A 25/07/2007
CN 101006630 B 24/11/2010
JP 2002-526935 A 20/08/2002
JP 2010-021559 A 28/01/2010
JP 4414099 B2 10/02/2010
JP 5290083 B2 18/09/2013
KR 10-1205254 Bl 27/11/2012
KR 10-2007-0037452 A 04/04/2007
TW 200614618 A 01/05/2006
TW 1302394 B 21/10/2008
US 2003-0038114 Al 27/02/2003
US 2005-0036268 Al 17/02/2005
US 2005-0225923 Al 13/10/2005
US 6790375 Bl 14/09/2004
US 6965506 B2 15/11/2005
US 7196896 B2 27/03/2007

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/046182
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 7218503 B2 15/05/2007
US 7583492 B2 01/09/2009
WO 00-19592 Al 06/04/2000
WO 2006-004744 A2 12/01/2006
WO 2006-004744 A3 08/06/2006
US 2016-0056017 Al 25/02/2016 KR 10-2016-0022458 A 02/03/2016

US 9704690 B2 11/07/2017

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

