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METHODS AND APPARATUS FOR A WIDE CONDUCTANCE KIT
BACKGROUND OF THE INVENTION

(0001 ] Advances in plasma processing have facilitated growth in the senuconductor
industry. The semiconductor indostry i3 a highly competitive market. The ability for a chip
manufacturing company to be able to process a substrate in different processing conditions
may give the manufacturing company an edge over the competitor. Thus, manufacturing
companies have dedicated tine and resources to identity methods and/or arrangements for
mproving substrate processing.
[0002] A typical processing system that may be employed to perform substrate
processing may be a capacitively~coupled plasma (CCP) processing system. The plasma
processing svstem may be built to enable processing i a number of process parameters each
of them having a wide range. However, in recent vears, the tvpes of devices that may be
processed have become more sophisticated and may require move process control, For
example, devices betng processed are beconung smaller with finer features and may require
more precise control of plasma parameters, such as plasma density and unifornity across the
substrate, for better yield. Gas flow across the substrate 1s an example of a process parameter
affecting etch profile and etch rate uniformity.
[0003] To facilitate discussion, Fig. 1 shows a simplified schematic of a prior arnt
plasma processing chamber. Plasma processing system 100 may be a single, double, or triple
or muitiple frequency capacitively discharged system. For example, radio frequencies {RF)
may include, but are not limited to, 2, 27 and 60 megahertz (MHz). It may also be an
mductively coupled system (FCP) or a CCP-ICP hybnd.
[0004] In the example of Fig. 1, a lower electrode assembly may be configured with
at least a focus ring 102 and a chuck 104 for holding a substrate (not showa to simplify
iHustration) in place during plasma processing. The chuck 104 may be an electrostatic chuck
{ESCY, for mstance, and may be supplied with RF power by an RF power supply (not shown
to simplify ilustration). A ground extension ring 110, which mayv be made from ahuninum,
may be separated from focus ring 102 by an RF insulator ring 108, Ground extension ring
110 may be covered by a cover ring 112, which may be made from quartz, to protect
aluminum ground extenston ring 110 from plasma during plasma processing.
FO005] As shown in the example of Fig. 1, an upper electrode assembly may be
configured with at least an upper electrode 114, which mav be built bke a shower head. The

upper electrode 114 may be grounded (not shown to sumplify iustration).
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[0006] During plasma processing, gas flow may be supplied via a conduit {(not
shown} and mayv pass through a gas distribution manifold 116, The gas nuay be electrically
excited into plasma in a chamber gap 118, Plasma may be confined by a set of confinement
rings {120a, 120b, 120c, and 120d). Neutral gas species may pass through a set of
confinement-ring gaps {122a, 122b, 122c, and 122d}, configured between the set of
confinement rings (120 a — d), and may be exhausted from the chamber through a valve in the
wall by a vacuum pump {not shown).
[007] In the example of Fig. 1, the plasma processing pressure may be determined
by the gas conductance, Le., the set of confinement-ring gaps (122 a - d) to provide the gas
flow. The overall zas flow conductance of the flow path from the gas distribution manitold
to the exhaust mav depend on several factors, including but not limited to, the number of
confinement rings and the size of the gaps between the confinement rings.  For example, in a
contfined plasma reactor with very small chamber gap 118, the number of confinement rings
i a set of confinement rings may be Hmited by the spatial constramt of the very small
chamber gap 118. Each confinement-ring gap in the set of confinement-ring gaps (122 a —d)
may be adjustable by a shaft 124, The gaps may be controlled by the advance of shaft 124.
As shaft 124 moves lower, confinement ring 120d may sit on the outer shoulder of ground

extension 12 and gaps 122 mayv be collapsed, m order 122¢, 122, and 122a.

[0008] Consider the situation wherein, for example, a leading-edge process
application requiring an ultra~short gas residence tume where one or more steps of the process

may require flow conductance levels that exceed the maximum capacity of the gap coutrol,
In such a process, the substrate (not shown) may need to be unloaded from the plasma
processing chamber 100 and processed in another chamber that can provide the required flow
conductance.

[0009) As may be appreciated from the foregoing, the shorter gas residence umes
may require an increase in gas conductance across the substrate through the processing
chamber. However, the gas conductance may be limited by the hardware features, ey, the
number of confinement rings in a set of confinement rings andfor the size of the gaps between
a sel of confinement rings, for confining plasma in processing chamber with very small
chamber gap. Given the need to stay competitive n the semicondactor indusiry,
enhancement to the capability of capacitively coupled plasma processing svstems are hughly

desirable.
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SUMMARY OF INVENTION
[0016) The invention relates, in an embodiment, to an apparatus for controlling gas
flow conductance in a plasma processing chamber. The plasma processing chamber
configared with an vpper clectrode disposed opposite a lower electrode adapted to support a
substrate. The apparatus includes a ground ring configured to concentrically surround the
lower electrode, the ground ring includes a first set of radial slots formed therein. The
apparatus also melodes a confinement ring arrangement. The confinement ring arrangement
tnchudes at least a first set of collapsible confinement rings and 4 second set of collapsible
confinement rings, the second set of collapsible confinement rings is configured to movably
couple to the first set of collapsible confinement rings, The apparatus further includes a
mechanism configured at least to collapse and to expand the fivst set of collapsible
confinement rings and the second set of collapsible confinement rings to control gas flow
conductance throngh the first set of radial slots hetween {a) an ON state m which a gas flow
through the first set of radial slots i1s unobstructed by the second set of collapsible
confinement rings, and (b) an OFF state 1 whach the gas flow throagh the first set of radial
slots 1s obstructed by the second set of collapsible rings.
[0011] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which is set
forth is the claims herein. These and other features of the present invention will be described
i more detail below m the detatled description of the invention and m conjanction with the
following figores.
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The present invention is itlustrated 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 elenients and in which:

[0013] Fig. 1 shows a shmplified schematic of a prior art plasma processing chamber,
[0014] Fig. 2 shows a simplified schematic of a prior art plasma processing system

configured to provide an expanded, gas flow conductance range with rotable, choke ring to
regulate expanded gas flow, rotable choke ring is not shown.

[0015] Fig. 3A shows, in accordance with an embodiment of the present iaveation, a
simplified schematic of a plasma processing system configured with an expanded, gas flow
conductance assembly and a modified, confinement-ting assembly with a set of lower

confinement rings in the collapsed, OFF position.
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[0016] Fig. 38 shows, in accordance with an embodiment of the present invention, a
simphiied schematic of a plasma processing system configured with an expanded, gas tlow
conductance assembly and the modified, confinement-ring assembly with a set of lower
confinement rings in the expanded, ON position.

DETAILED DESCRIPTION OF EMBODIME

[0017] The present invention will now be described in detail with reference to a few
embodiments thereot as tHustrated in the accompanying drawings. In the following
description, numerouns specific details are set forth i order to provide a thorough
anderstanding of the present mvention. It will be apparent, however, to one skilled in the arnt,
that the present invention may be practiced without some or all of these specific details, In
other instances, well known process steps andfor structures have not been described o detail
in order to not unnecessarily obscure the present invention.

[O018] Due to the competitive advancement in the seruconductor industry, a
significant nuraber of leading-edge process applications in plasima processing may require
processing steps with ultra short process gas residence tirnes.  Shorter residence times may
require an mcreased gas conductance range which may be a trade-off with hardware features
for confining plasma. To increase gas conductance in a very small chamber gap, prior art
may employ fixed, bypass gas flow paths to conduct a significant fraction of the exhaunsted
process gas away from the confinement rings. However, a rotable, quartz choke ring may be
needed to regulate, 1.e., to tum ON or OFF, the increased gas flow conductance through
bypass gas flow paths.

[0019] By employing the choke ring to regulate gas flow, additional hardware andfor
software may be required to control the movement of rotable, choke ring. The inventor
herein realized that existing, confinement-ring assembly may be modified to regulate
increased gas flow through expanded, gas flow conductance assembly while controlling
pressure 1o processing chamber.

[0020] In accordance with embodiments of the invention, there are provided methods
and arrangements for configuring plasma processing systems to enhance control over plasma
processing parameters. Embodiments of the mvention inclade employing a modified,
confinenent-ring assembly configured with a plurality of confinement-ring sets to control the
expanded, gas flow conductance and the pressure in a plasma processing chamber. With
more sophisticated control of the plasma processing parameters, such as regulating expanded
gas flow andfor controlling pressuore, the plasma processing regime may be expanded white

still mamtaining control of plasma confinement to obtain high vield in processing devices,
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[0021] In an embodiment, the plasma processing system may be configured with the
modified, confinement-ring assembly to include at least a plurality of collapsible,
confinement-ring sets. In an embodiment, the plurality of the confinement-ring sets may
tnclude at least an upper confinement-ring (UCR) set andfor a lower confinenent-ting {(LCR)
set in contrast to state-of-the-art confinement-ring assembly. Typically, a state-of-the-art
confinement-ring assembly may be configured with one set of confinement rings to confine
plasma.
(00221 In an embodiment, the upper confinement-ting set may comprise of an upper
confinement-ring gap control assembly. In an embodiment, the UCR gap control assembly
may comprise of an upper confinement-ring shaft. The upper confinement-ring shaft may be
coupled to an upper confinement-ring piston being configured with at least an o-ring. The
upper confinement-ring piston may be disposed inside an upper confinement-ring chamber.
The upper confinement-ring piston may move up and/or down, corresponding to the
movement of the upper confinement-ring shafl, inside upper confinement-ring chamber
providing a mechanism to control the gaps of upper confinement-ring set,
(0023] In an embodiment, the lower confinement-ring set may comprise of a lower
confinement-ring gap control assembly. In an embodiment, the LCR gap control assembly
may comprise of a lower confinement-ring piston being configored with at least an o-ring.
The lower confinement-ring piston may be coupled to g lowest ring of the vpper
confimement-ring set. The lower confinement-ring piston may be disposed mside a lower
confinement-ring chamber.  The lower confinement-ring piston may move up and/or down,
corresponding to the movement of the lowest ring of the upper confinement-ring set, inside
lower confinement-ring chamber providing the mechanism to control the gap of lower
confinement-rings set.
[0024) In the OFF position, the modified confinement-ring assembly may be
configared with the lower confinement-ring set in a collapsed state, in an embodiment. The
collapsed, lower confinement-ring set may rest on the shoulder of a quartz coverad ground
ring shutting off the bypass gas flow slots, in an embodiment. The gas species from the
chamber may be forced to tlow through the gaps of the upper confinement rings. Inan
embodiment, the gaps of the upper confinement ring may be controlled by the upper
confinement gap control assembly. In the OFF position, the modified confinement-ring
assembly may provide the chamber with high pressures and/ov low gas flow rates.  Thus, the
gas flow through expanded, gas flow conductance paths may be shut off with the collapsed

configuration of the LCR set while pressure through the processing chamber may be
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controlfed by adjusting the height of the gaps of the UCR set by employing the modified,
confinement-ring assembly without the need for a rotable, bypass choked rning.
[0025) In the ON position, the modified confinement-ring assembly may be
configured where the upper coufinement-ring set may be pulled oot of the gas flow path and
the tower confinement-ring set may be positioned in the gas flow path, in an embodunent,
while opening up the expanded gas flow conductance path opening up the gas flow bypass.
In the ON position, presswre in the chamber may be controlled by adjusting the position of
lower confinement-ring set along the height of the charmber gap. In the ON position, the
maodified confinement-ring assembly may provide the chamber with low pressure and/or high
gas flow rate.  Thus, the expanded gas flow conductance paths may be opened by moving the
LCR above the exhaust of the bypass while wafer area pressure may be controlied by
adjusting the vertical position of the LCR set by employing the modified, confinement-ring
assernbly without the need for a rotable, bypass choke ring.
[0026] By emploving a modified, confinement-ring assembly, the rotable, bypass
choke ring may be elimimnated from the expanded, gas tlow conductance assembly, as
required in the prior art to regulate gas flow. Thus, the actuator, 1O ports andfor software
required to control the expensive rotable, bypass choke ring may also be elimumated.
HO027] The features and advantages of the present invention may be better understood
with reference to the figures and discussions (with prior art mechanisms and emabodiments of
the invention contrasted) that follow.
[0028] Fig. 2 shows g sunplified schematic of a prior art plasnia processing system
configuared to provide an expanded, gas How conductance range with rotable, choke ring to
regutate expanded gas flow, rotable choke ring is not shown. Plasma processing system 200
may be a single, double or triple or multiple frequency capacitively discharged system. For
example, radio frequency may include, but are not limited to, 2, 27 and 60 MHz
[0029] In the example of Fig. 2, plasma processing systenmt 200 may be configured
with an upper electrode assembly and a lower electrode assembly. The lower glectrode
assembly may be confipured with a chuck 204 that holds a sabstrate (not shown to stmplify
iustration) in place during plasma processing. The upper electrode assembly and lower
electrode assembly may be separated from each other by a chamber gap 218, The upper
electrode assembly may mclude an upper electrode 214, which may be built like a shower
head. The upper clectrode 214 may be grounded (not shown to simplify ittustration).
[0030] The upper electrode assembly of Fig. 2 may be configured with a gas

distribution manifold 216 through which processed gas {(not shown) may be supplied mto
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chamber gap 218, The processed gas bemg supplied into chamber gap 218 may be excited
nito a plasma state by RF power supplied to the lower or upper electrode assembly. The
plasma in chamber gap 218 may be confined by a confinement-ring assembly 220 that may
be configured with at least g set of confinement rings (220a, 220b, 220¢, and 220d). The
gaps between confinement rings (220 a — d) may be controlled by the advance of a shaft 224.
Neutral gas species in chamber gap 218 may pass through confinement-ting gaps (2224,
2220, 222¢, and 222d) between the set of confinement rings {220 a- d). Neutral gas species
mayv be exhausted from the chamber by a vacwan pump (not shown to stmphty tHustration).
(0031 As shown in Fig. 2, the rate of gas flow acvoss substrate (not shown) from gas
distribution manifold 216 may affect the pressure 1 chamber gap 218, The overall gas flow
conductance of the flow path from gas distribution manifold 216 1o the exhaust may depend
on several factors, including but not limited 1o, the number of confinement rings and the size
of the gaps between the set of confinerent rings.

[0032] As aforementioned, a number of leading-edge process applications requiring
an ulira~short gas residence tume where one or more steps of the process may require flow
conductance levels that may exceed the maximum capacity of the gap control. In light of
such problem, the gas flow rate may be increased by emploving additional gas flow
conductance paths m parallel with the gas How paths from gas distribution margfold 216
through the set of confinement-ving gaps {222 a —~ d). The expanded, gas flow conductance
paths may be configured m a gas flow bypassfconductance assembly 260, as shown in Fig. 2.
Gas flow bypassiconductance gssembly 2060 may be coufigured with at least an alaminum
ground extension ring 210, a rotable, choke ring 230 and a quantz cover ring 212,

[O033] In the example of Fig. 2, expanded, gas flow bypass/conductance assembly
260 may be configured with expanded, gas flow conductance paths o increase gas flow rate
through chamber gap 218. Expanded, gas flow conductance paths may be configured in
aluminum ground extension ring 210 as a set of radial slots. Aluminum ground extension
ring 210 mav be separated from a focus ring 202 by an insulator ring 208, Aluminum ground
extension ring 210 may be configured with a first set of bypass slots {210a, 210b, 210¢, 2104,
and 210e) as gas flow condoctance paths. The first set of bypass slots (210 a - &) may be
radial slots extending in the radial divection of the ground extension ring 210,

0034 As shown in Fig. 2, aluminum ground extension ring 210 way be protected
from plasma by quartz cover ring 212, Quartz cover ring 212 may be configured with a
second set of radial bvpass slots (212a, 212b, 212¢, 212d, and 212e). The second set of

bypass radial slots (212 a ~ ¢) of the quartz cover nng may be aligned with divect line of
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sight to first set of bypass slots {210 a— e} of ground extension ring to allow increased gas
flow though the expanded gas flow conductance paths.
[0035) To regulate gas flow through expanded, gas flow conductance path, gas flow
bypassiconduactance assembly 260 may also be configured with rotable, choke ring 230,

~

Ratable choke ring 230 may be mounted in a ning-shaped channel formed in ground
extension ring 210 and cover ring 212, Rotable, choke ring 230 may be configured with a
third set of radial bypass slots {(230a, 230b, 230¢, 230d, and 230e). Rotatable, bypass choke
ring 230 mway be wade of a dielectric material, such as guartz or silicone carbide. Rotatable,
bypass choke ring 230 may be rotated refative to stationary alaminum ground extension ring
210 and stationary quartz cover ring 212 to control gas flow through a plurality of sets of
aligned bypass slots 210 a—¢, 212 a~¢ and 230 a - ¢).

[0036) In the ON state, rotable choke ring 230 with third set of bypass slots {230 3
e} may he aligned with the first set of radial slots (210 a — d} of alominum ground extension
ring 210 and the second set of radial slots (212 a — d) of the quanz coverad ring 212 to allow
for fluid communication between first set of slots (210 a — d) with second set of slots (212 a -
d} creating a plurality of gas flow conductance paths. Gas from chamber gap 218 may flow
through the first and second sets of slots. Thus, in the ON state, gas may be allowed to flow
through expanded, gas flow paths to allow for a higher gas conductance range.

0037) In the OFF state, rotable choke ring 230 may be rotated to a position such that
the alignment of the first set of slots {210 a - &) do not have direct line of sight with second
set of slots (212 a—¢). The first set of slots (210 a — ¢) may be blocked by rotable choke ring
230 such that there may be no fluid communication between first set of slots (210 a — e) with
second set of slots (212 a —e). Thus, the plurality of gas flow conductance paths may be
blocked by rotable choke ring 230, Gas from chamber gap 218 may not be able to flow
through the blocked conductance paths.

[0038] As can be appreciated from the foregoing, the expanded, variable gas flow
conductance assermbly mav provide the plurality of gas flow conductance paths to increase
gas flow conductance range across the substrate, By increasing gas flow conductance in a
plasma processing chamber, the plasma condition may be controlled quickly and accurately.
By employing rotable choke ring 230, the plurarity of gas flow conductance paths may be
turn ON andvor OFF.

[0039) In general, additional hardware and software (not shown) may be required to
control rotable, bypass choke ring 230, For example, additional mechanical control hardware

may require at least an actuator to provide motion control for choke ring 230, Additional
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electrical control hardware may require at least inputfoutput channels for transmitting
clectrical signals. In addition, software algorithms may be required 1o acquire user inputs,
e.g., predetermined flow rate, andfor to control mechanical and electrical systems. Thus,
additional control hardware and/or software may add cost and complexity to the system.
[0040] As can be appreciated by those skilled in the art, choke ring with bypass slots
made from quartz may be expensive to manufacture. In addition, moving part, e.g., rotable,
choke ring, in the path of gas flow may generate unintended contamination that may result in
uncontrolled process vaviation, which may reduce yield in manufacturing.
[0041] Althouogh rotable, quartz choke ring may provide a mechanism 1o regulate
mcreased gas flow through expanded, gas flow conductance assembly, the added cost and
complexity of emploving rotable, choke ring may require alternative solution for regulating
increased gas flow through expanded, gas flow conductance assembly.
[0042] Thus, the inventor herem realized that existing confinemwent-ring assembly
may be modified to regulate increased gas flow through expanded, gas flow conductance
assembly while controlling pressure in processing chamber.
{0043] Figs. 3A and 3B are discussed together to ilustrate alternative apparatus and
methods to regulate increased, gas flow. Fig. 3A shows, in accordance with an embodiment
of the present mvention, a stmplified schematic of a plasma processing system configured
with an expanded, gas flow conductance assembly and g modified, confinement-ring
assembly with a set of lower confinement rings in the collapsed, OFF position. In the OFF
position, the bypass is also shat OFF. Fig. 3B shows, in accordance with an emabodiment of
the present invention, a simplified schematic of a plasma processing systern configured with
an expandad, gas flow conductance assembly and the modified, confinement-ring assembly
with a set of lower confinement rings i the expanded, ON position. In the ON position, the
bypass is now turned ON.
[0044] Referving to Fig. 3A, plasma processing svsten 300 mayv be a capacitively-
coupled plasma (CCP) processing system and/or an inductively coupled system (ICP). Inan
example, plasma processing svstem 300 may be a single, double, or triple or multiple
frequency capacitively discharged system. For example, radio frequencies {(R¥) may mclade,
but are not lintted to, 2, 27 and 60 megahertz (MHz}.
0045] For example, the plasma processing system 300 may be configured with at
least an upper electrode assembly and a lower electrode assembly with a chamber gap 318 in

between the upper electrode assembly and the lower electrode assembly.
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[0046] The lower electrode assembly may include at least a focus ring 302 and an
ESC 304, In the noplementation of Fig. 3A, ESC 304 may be emploved to hold a substrate
{not shown) in place during plasma processing. Furthermare, the lower electrode assembly

mav be configured with an expanded, gas flow bypass/conductance agsembly 360.

[0047] As shown in Fig. 3A, expanded, gas flow bypass/conductance assembly 360
may be configured with an alununum ground extension ring 310 and a dielectric, quanz

cover ring 312, Aluminum ground extension ring 310 may be separated from focus ring 302
by an insulator ring 308, In the inplementation of Fig. 3A, aluminum ground extension ring
310 may be configured to concentrically swrround the lower electrode. In an embodiment,
alumirum ground extension ring 310 may be configured to include a plurality of radial slots
{310g, 310b, and 310c¢) that may be employed to allow for increased gas {flow.

[0048) Although only three radial slots (310a, 310b and 310¢) are discussed in
connection to Fig, 3A, the alunimen ground extension ring 310 may mclode any number of
radial slots as bypass slots for expanded, gas flow conductance paths, in an embodiment. In
an example, the number of bypass slots may typically be dozens of slots. In the
mmplementation of Fig. 3A, the slots may have any suitable shapes, e.g., rectangular or
trapezoidal, in an embodiment.

0049 Alominum ground extension ring 310 may be protected from plasma by
diclectric, quartz cover ring 312, which may he disposed over ground extension ring 310
Quartz covered ring 312 may be configered to include a plurality of radial slots (312a, 312b,
and 312c¢) that may be employed for expanded gas flow. As may be appreciated from the
foregoing, the guartz covered ring 312 may inchude any number of radial slots as bypass slots
for expanded, gas flow conductance paths. Thus, expanded, gas flow bypass/conductance
assembly 360 may be configured with sets of slots (310 a — ¢ and 312 a ~ ¢} formed therein to
allow for increased gas flow rate.

[0050] In contrast to the expanded, gas flow bypass/conductance assembly 260 m the
prior art of Fig. 2, the rotable, choke ring may be elimmated from expanded, pas flow
bypassiconductance assembly 360. Increased gas flow through expanded, gas flow
bypass/conductance assembly 360 may be regulated by a modified, confinement-ring
assembly 320,

(0051 In the implementation of Fig. 3A, the upper electrode assembly may include at
feast an upper electrode 314, which may be built like a shower head. Upper electrode 314
may be grounded {not shown to stmplhify tlustration) dering plasma processing. A processed

gas is applied into chamber gap 318 through a gas distribution manifold 316, The gas may be
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electrically excited mito plasma by RF power from an RF generator (not shown to simplify
ithustration through the lower electrode assembly.
[0052) In an embodiment, plasma processing system 300 may be configured with
modified, confinement-ring assembly 320 to regulate gas flow through expanded, gas flow
bypassiconductance assembly 360 in the ground extension. The modified, confinement-ring
assembly 320 may be configured to include at least two sets of collapsible confinement rings,
1.e.. a set of apper confinement rings (UCR) 322 and a set of lower confinement rings {L.CR)
342, n an embodiment. The set of LCR 342 may be configured 1o couple to the set of UCR
322, an embodiment. In the implementation of Figs. 3A and 3B, the confinement rings
may be formed from materials compatible with the plasma process, in an embodiment. In an
embodiment, a compatible material for confinement nings may iclude, but not limited to,
guartz.
[0053] Consider the sitpation, wherein, for example, during plasma processing, low
gas flow and high pressure may be desired in one or more of the processing steps. An UCR
shaft 324 may be deiven down such that confinement rings (342a, 3423b, and 342¢) of' the
LCR set 342 may collapse in an OFF position blocking the gas How through expanded, gas
flow bypassiconductance assembly 360, The mechanisim for collapsing and/or expanding
confinement rings 1s discussed in greater detail below.
[0054] In the OFF position, the set of collapsed, LCR 342 may be disposed on a
shoulder 310g of aluminem ground extension ring 310, In the collapsed position of lower
confinement-rings set 342, an upper surface of the top confinernent ring 342a of LOR set 342
mayv tine up Hush with the surface of the guartz covered ring 312, When the confinement
rings {342 a - ¢) of LOR st 342 are in the collapsed position, the side of LUR set 342 may
completely block the outlet ends of bypass slots (310 a —¢), in an embodiment. Thus
shutting OFF gas flow through the plurality of the bypass slots of the expanded, variable gas
How bypassfconductance assembly 360,
[00535] In the OFF position of the implementation of Fig. 3A, the neutral gas species
it chamber gap 318 may mainly flow throogh the set of confinement-ring gaps (3344, 334b,
334¢, and 334d) of UCR (322 a — d). In an embodiment, the gas flow conductance, 1.e.,
pressure i the chamber, may be controlled by adjusting the UCR gaps (334 a — d). The gas
flow conductance through the set of confinement-ring gaps (334 a - d) may be proportional
to the square of the height of the gaps.
[0056] I the iplementation of Fig. 34, the UCR gaps (334 a - d) may be adjusted

by collapsing the set of UCR gaps (334 a — d) w0 sexies, i an embodiment. For example,
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UCR shaft 324 may be moved down forcing an UCR piston 326, configured with an o-ring
328, to move down in an UCR chamber 330 providing a mechamsm for collapsing UCR
gaps. As may be appreciated from the foregoing, the collapsing of the rings may be driven
by the weight of the rings. The piston may serve as a suspension point that may move in
vertical direction, which may be driven by the shaft. The lowest UCR gap 334d may be
collapsed first when UCR piston 326 is moved down into UCR chamber 330, The UCR gaps
may be collapsed sequentially from the lowest gap 334d. to the next lowest gap 334¢, follow
by the next lowest gap 334b, finally collapsing the top gap 334a, in an embodiment,
F0057] Hence, the gaps may be collapsed in series, with the lowest gap collapsing
first, followed by the next lower gap, followed by the next gap, and followed by the
uppermost top gap. In the implememtation of Fig. 3A, LCR set 342 may be coupled 1o UCR
set 322 through the lowest UCR 322d and a LRC piston 346, in an embodiment. The pocket
of LCR chamber 350 may be configured to be sufficiently deep such that LCR piston 346,
configured with an o-ring 348, may not smash down on LCR set (342 a — d).
[0058] As can be appreciated by the foregoing, gas flow rate from chamber gap 318
may be controlled by varying the height of the set of UCR gaps (334 a — d) in the OFF
position, in an embodiment, The set of UCR gaps (334 a - d) may collapse andfor expand,
series, to control the gap size without hifting the set of LCR 342, which may open the bypass
slots for expanded, gas flow.
{0059] In the OFF position, the UCR set 322 may be in the gas flow area while LCR
set 342 sits on the shoulder 310g of aluminum ground extension ring 310, in an embodinent.
The LCR set 342 may be configured 1o shut off the set of bypass slots preventing expanded
gas flow. The UCR set 322 gaps may be configured 1o be adjustable to control pressure. The
pressure may be varied by collapsing andfor opening the set of gaps (334 a — d) of UCR 334
in series to control gap size without lifting the lower confinement-ring set. However, gas
How rate may be hmited to the height of UCR gaps {334 a — d). In general, gap height may
be limited to about 2X the sheath thickness of plasma to prevent unconfinement of plasma.
[0066) Consider the situation wherein, for example, one or more steps of the process
may require flow conductance levels that exceed the maximum capacily of the UCR gaps
{334 a — d). The gas flow rate may be increased by employing additional gas flow
conductance paths m expanded, gas How bypassiconductance assembly 360, in an
embodiment. In accordance with an embodiment of the invention, LUR set 342 may be pulled
up, in an ON position, to open the gas flow through expanded, gas flow bypass/conductance

assembly 360,


bhang
Rectangle

bhang
Rectangle


13
{0061 Referring to Fig. 3B, the UCR shaft 324 may be actuated to pull up UCR
piston 326 being coupled to UCR chaft 324 allowing for an expanding of the UCR gaps due
to the weights of the rings, in accordance with an embodiment of the invention. in an
embodinent, UCR piston 324 may be pulled up 10 UCR chamber 330 against an UCR
shoulder flange 332 moving UCK set 322 out of the gas flow path. The O-ring 328 may be
employed to separate UCR piston 324 from UCR shoulder flange 332, in an embodiment. In
an example, the O-rings may be emploved to protect the quartz materials from being chipped
by the metal piston. In the ON position, UCR set 322, having been moved out of the gas flow
path, may no longer play a role in the gas flow regulation, in accordance with an embodiment
of the mvention.
16062} As shown o Fig. 3B, the LCR piston 346, configured with o-ring 348, may be
coupled to the lowest ring 322d of UCR set 322, in an embodiment. Being coupled to the
towest ring 322d of UCR set 322, LOR piston 346 may be emploved o pull ap LCR set 342
when shaft 324 is actuated to move up providing a mechanism for expanding LCR gaps, in an
embodiment. The LCR set 342 may be moved into the gas flow path and opening up the
outlet ends of bypass slots (310 a— ¢} of expanded, gas flow bypass/conductance assembly
360, Thus, in the ON position with LCR set 342 being pulled up to unblock bypass slots (310
a - ¢}, gas How rate may be mereased by flowing gas species through the phaality of the

bvpass slots of the expanded, gas flow bypass/conductance assembly 360, tn an embodiment,

{0063 In accordance with an embodnnent of the pvention, as shown in Fig, 3B,
neatral gas species from chamber gap 318 may Hlow through bypass slots of expanded gag

How bypassiconductance assembly 360 andfor through the set of confinement-ring gaps 3544
and 354b of LCR 342 3 - ¢ In an embodiment, the gas flow conductance, i.e., pressurs in the
chamber, may be controlled by adjusting the position of the LUR gaps 354 a ~ b of LCR set
342 along the height of the gas flow path.

[00064] In the implementation of Fig. 3B, the LUR set 342 may be configured with
gap 354a, an upper gap on LCR set, and gap 354b, a lower gap on LCR set. The upper gap
3544 may be configured to have a different height than the lower gap 354b on LRC set 342,
The pressure i the chamber may be adjusted by moving LOR piston 348 through UCR shaft
332 to position LCR gaps 354 a ~ b in the gas flow path. Depending on the vertical position
of LCR gaps (354 a - b) in the gas flow path, the pressare in the chamber may be controlled
by LCR gaps (354 a - b), m an embodiment.

[0063] As aforementioned, the gap height may be correlated to gas flow conductance.

In general, gas conductance through a gap, for example, may be equal to about the square of
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the height of the gap. In an example, as shown in Fig. 38, lower confinement-ring gaps 354a
and 334b may be configared to have ditferent heights. The ratio of gap height of gap 354b to
gap 354a may be about 2:1. The resnlting flow conductance may be about 4:1 through the
gaps. As can be appreciated by those skilled 11 the art, the number of confinement rings,
gaps and gap beight may be tailored to achieve the desired process range for gas flow rate, in
an embodiment. However, the gap may be limited to a maxinum height of about two times
{2X) the plasma sheath thickness to prevent plasma unconfinement, in an embodiment.
[0006] Consider the situation wheremn, for example, LCR gaps 354 a - b may be at
the maximum beight in the chamber gas flow path to achieve maximum gas flow. The
thickness of the lowest confinenent ring 342¢ of LUR set 342 may be configured with a
predeterniined thickness to provide sufficient overlap with the vertical outer sidewali of the
aluminum ground extension ring 310, in an embodiment. By providing sufficient
overlapping, a gap 362, 1.e, the gap between lower confinement ring 342¢ and alurminum
ground extension ring sidewall 310, may be less than about two times (2X) the sheath
thickness to prevent plasma unconfinement, in accordance with an embodiment of the
Hrveniion.
[00067] In the OFF position, confinement-ring assembly 320 may provide for fow gas
flow and high pressure where LOR set 342 may be employed m the collapsed state to block
off gas tlow through the expanded, gas flow bypass/conductance assembly 360. The pressure
in the chamber may be controlied through the UCR set 322 through adjusting the height of
each gap of UCR gaps (322 a —d).
[0008] In the ON position, confinement-ring assembly 320 may provide for high gas
flow and low pressure where LOR set 342 may be pulled up o unblock bypass slots (310 a
¢} With the bypass stots (310 a - ¢} unblocked gas flow rate may increase by flowing gas
species through the plurality of the bypass slots of the expanded, gas flow
bypassicondactance assembly 360, The UCR set 322 may be pulled out of the way and may
not play a role in the flow control.  The pressure in the chamber may be controlled through
adjusting the vertical position of the LCR gaps (354 a - b) of LCR set 342 along the height of
the gas flow path.
[0069] As can be appreciated from the foregoing, the modified, confinement-ring
assembly may be employed to regulate expanded gas flow rate andfor control pressure. Asa
result, rotatable, byvpass choke ring may be chminated from expanded, gas flow
bypass/conductance assembly.  Therefore, additional actuator, 10 ports, andfor control

software algorithm may not be required. Since quartz choke ring may be eliminated, the risk
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of generating particles in the plasma process may be minumized. With less moving parts, the
probability of particle contamination may be reduced, therefore, increasing the vield of the
application. Thus, the cost and complexity to the plasma processing system may be reduced
by eruploving the modified, confinement-ting assembly.
[0070] Furthermore, a plasma processing system configured with the modified,
confinement-ring assembly with a plurality of sets of confinement rings may allow substrate
to be processed i both low gas flow rate and high pressure regimes and/or high gas flow rate
and low pressure regimes in the same system. Thus, device manufacturer may not need to
purchase several plasma processing systems to accommodate the need of processing substrate
m @ wide range of gas tlow rate and/or pressure regimes.
[6071] While this invention has been described in tenns of several embodiments,
there are alterations, permutations, and equivalents, which fall within the scope of thig
tnvention. 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 present
mvention may find utility in other applications. The abstract section is provided herein for
convenience and, due to word count lumitation, 13 accordingly written for reading
convenience and should not be employed to limit the scope of the claims. It 15 therefore
intended that the following appended claims be iterpreted as incloding all such alterations,

permuutations, and equivalents as fall within the true spirtt and scope of the present tnvention.
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CLAIMS
What is claimed is:
i An apparatus for controtling gas flow conductance in a plasma processing chamber,
said plasma processing chamber configured with an upper electrode disposed opposite a
lower electrode adapted to support a substrate, said gpparatus comprising:
a ground ring confizured to concentrically surround said lower electrode, saxd ground
ring including a first set of radial slots formed therein;
a confinement ring arvangement, sad confinement ring arrangement including at least
a first set of collapsible confinement rings and g second set of collapsible confinement rings,
said second set of collapsible confinement rings 1s configured to movably couple to saxd first
set of collapsible confinement rings; and
a mechanism configured at least to collapse and to expand satd first set of collapsible
confinement rings and said second set of collapsible confinement rings to control gas flow
conductance through said first set of radial slots between
{a} an ON state in which a gas flow through said first set of radial slots is
unobstructed by said second set of collapsible confinement rings, and
{b} an OFF state in which said gas flow through said first set of radial slots is

obstructed by said second set of collapsible rings..

2. The apparatus of claim 1, wherein said ground ring i3 formed of a conductive
material.

3. The apparatus of clann 2, wherein said conductive material 1s Ahimiman.

4, ‘The apparatus of claim | further comprising a cover ring disposed over said ground

ring, said cover ring including a second set of radial slots formed therein.

5. The apparatus of claim 4, wherein said cover ring s formed of quartz.
6. The apparatus of clabm 1, wheremn at least one of said first set of collapsble

confinement rings and said second set of collapsible confinement rings is formed of quartz.
7. The apparatus of claim |, wherein said first set of collapsible confinement rings
includes at least one confinement ring.

8. The apparatus of claim 7, wherein said first set of collapsible confinement rings is
movahle m a direction perpendicular to a planar surface of said ground ring to control gas

flow through a first set of gaps between said first set of collapsible confinement rings.
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9. The apparatus of claim 1, wherem said second set of collapsible confinement rings
includes at least one confinement ring,
10, The apparatus of claim 9, wherein said second set of collapsible confinement rings is
movable in a direction perpendicalar to a planar surface of said ground ring to control gas
flow through a second set of gaps between said first set of collapsible confinement rings.
1. The apparatus of clamm 10, wheremn said each gap in said second set of gaps between
said first set of collapsible confinement rings is configured to have a different gap height.
12, 'The apparatus of claim 1, wherein said mechanism includes at least:
a shafi;
a first piston coupled to said shaft, saxd first piston is disposed mside a first chamber
of a first ring of said first set of collapsible confinement rings; and
a second piston coupled to a second ring of saxd first set of collapsible confinement
rings, said second piston 1s disposed inside a second chamber of a first ring of said second set
of collapsible confinement rings,
wherein at least one of said first set of collapsible confinement rings and said second
set of collapsible confinement rings
{1) expands when said shaft is moved upward in a direction perpendicular
to a planar surface of said ground ring or
{u}  collapses when said shaft is moved downward in the a direction
perpendicular 1o a planar surface of said ground ring.
13. A method of controlhing flow conductance in a plasma processing chamber, said method
comprising:
supporting a substrate in said plasma processing chamber configured with an upper
electrode disposed opposite a lower electrode, said plasma processing chamber comprising an
apparatus ncloding at least:
a ground ring configured to concentrically surround said lower electrode, said
ground ring including a first set of radial slots formed therein,
a confinement ring arrangement, said confinement ring arrangement mcluding
at least a first set of collapsible confinement rings and a second set of collapsible
confinement rings, said second set of collapsible confinement rings 1s contigwed o

movably couple to said first set of collapsible confinement rings, and


bhang
Rectangle

bhang
Rectangle


18

a mechanism configured at least to collapse and to expand said first set of
collapsible confinement rings and said second set of collapsible confinement rings to
control gas How conductance throogh said first set of radial slots between

{a}an ON state in which a gas flow through said first set of radial slots
is unobstructed by said second set of collapsible confinement rings, and
(b) an OFF state i which said gas flow through said first set of radial
slots is obstructed by said second set of collapsible rings:
exciting said gas into plasma; and
operating satd mechanism to control said gas flow conductance through said first set

of radial slots and sald second set of radial slots.

14, The method of claim 13, wherein said ground ring is formed of a conductive material.
15, The method of claim 14, wherein said conductive material is Aluminum,
16, The method of claim 13, wherein said apparatus further including at least a cover ring

disposed over said ground ring, said cover ring including a second set of radial slots formed
therein.

17.  The method of claim 16, wherein said cover ring is formed of quartz.

18, The method of claim 13, wherein at least one of said first set of collapsible
confinement rings and said second set of collapsible confinement rings is formed of quartz.
19, The method of claim 13, wherein said first set of collapsible confinement rings
tnchudes at least one confinement ring.

20, The method of claim 19, wherein said first set of collapsible confinement rings 1s
movable in a direction perpendicular 1o a planar surface of said ground ring to control gas
flow through a first set of gaps between said first set of collapsible confinement rings.

21, The method of claim 13, wherein said second set of collapsible confinement rings
includes at least one confinement ring.

22, The method of claim 21, wherein said second set of collapsible confinement rings is
movable i a divection perpendicular to a planar surface of said ground ning to control gas
flow through a second set of gaps between said first set of collapsible confinement rings.
23, The method of claim 22, wherein said each gap in said second set of gaps between
said first set of collapsible continement rings 15 configured to have a different gap height
24, The method of claim 13, wherein said mechanism includes at least:

a shaft;
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a first piston coupled to said shaft, said first piston is disposed inside a first chamber
of a first ring of said first set of collapsible confinement rings; and
a second piston coupled to a second ring of said first set of collapsible confinement
rings, said second piston s disposed inside a second chamber of a first ring of said second set
of collapsible confinement rings,
wherein at least one of said fisst set of collapsible confinement rings and said second
set of collapsible confinement rings
{1) expands when said shaft i3 moved upward in a direction perpendicular
to a planar surface of said ground ring or
{u}  collapses when said shaft is moved downward in a direction

perpendicular to a planar surface of said ground ring.
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