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(57) Abstract: An arrangement for performing pressure control in a plasma processing chamber comprising an upper electrode, a
lower electrode, a unitized confinement ring arrangement wherein the upper electrode, the lower electrode and the unitized con-
finement ring arrangement are configured at least for surrounding a confined chamber region to facilitate plasma generation and
confinement therein. The arrangement further includes at least one plunger configured for moving the unitized confinement ring
arrangement in a vertical direction to adjust at least one of a first gas conductance path and a second gas conductance path to per-
form the pressure control, wherein the first gas conductance path is formed between the upper electrode and the unitized contine-
ment ring arrangement and the second gas conductance path is formed between the lower electrode and the single unitized ring ar -
rangement.
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UNITIZED CONFINEMENT RING ARRANGEMENTS AND METHODS
THEREOF
BACKGROUND OF THE INVENTION

[8001] Advances in plasma processing have provided for growth in the semiconductor
mdustry. In today’s competitive market, the ability of a manafacturing company to be able (o
puninyze waste and produce high quality semicondactor devices gives the mamsiacturing
company a competitive edge. Accordingly, tight control of the process parameters is
generally needed (o achieve satisfactory results during subsirate processing. Thus,
manyfacturing companies have dedicated time and resources to identify methods andfor
arrangements for improving substrate processing.
6002} In a plasma processing systeny, such as 8 capacitively-conpled plasma (CCP) or an
mnductivelv-coupled plasma (ICP) processing system, the manudzcturing of senuconducior
devices may require muli-step processes emploving plasma within a processing chamber.
During processing, pas may interact with radio frequency (RF) power to form plasia.
Confinement rings may be emploved o control plasma formation and {0 protect the process
chamber walls. The confinement rings may mchude muldtiple rings stacked ontop of one
another and are configured to surround the periphery of the chamber vohame fn which plagma
is to form {7 e., confined chamber region).
6003} The confinement rings may also be emploved to control the pressure level within the
confined chamber region. Typically, during processing, the processing chamber is asoally
maintained at a predefined pressare for each process step in ovder to generate the desired
plasma needed for processing the substrate. Those skilied in the arts are aware that a siable
plasma is inpostant during substrate processing. Thus, the ability 0 maintain fight control of
the process parameters during substrate processing is essential for plasma stabihity. When the
process parameters (¢.g., pressure or other parameters) are outside of a narrow, pre-defined
window, the process parameters may have to be adjusted {o mamntam a stable plasma in
accordance with the reguived processing regipe.
16004} FIG. 1 shows a simple cross-sectional diagram of @ confinement ring arrangement
within a processing chamber. Consider the situation wherein, for exanple, a substrate 102 15
disposed on top of a lower electrode 104 (such as an electrostatic chuck), During subsirale
processing, plasma 106 may form between substrate 102 and upper electrode 108,
Surrounding the plasima is a plurality of confinement rings (1108, 110b, 110c¢, 114, etc.),

which may be emploved o confine plasma 106 and to control the pressure within the
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confinement region (such as a confined chamber region 118). The gaps {such as gaps 112a,
112h, 112¢, ete) between the plarality of confinement rings may be adjosted 1o control the
exhaust rate, hence the pressure above the substrate surface.
{8005} In a typical processing chamber that employs the plurality of confinement rings (1 10a,
11838, 110c, 1104, ete.), the confinement rings may have attachment poinis. Positioned at
each attachment pomnt is a plunger (such as 114 and 116, for example). To control the
volume of pressure within confinement region 118, a plunger controller modude 120 (such as
a CAM ring avrangement) may move the plongers vertically (upfdow} to adjust the gaps
between the plurabity of confinement rings (110a, 110b, 110¢, 110d, etc.). By adjusting the
gaps between the confinement rings, the conductance rate of gas being exhausted from the
confined chamber region may be controiled, thereby controlling the amount of pressure
within the processing chamber. In other words during substrate processing, if the chamber
pressure 1$ outside of the designated range {such as that deternuined by the current recipe
step}, the confinement rings may be adjusted. In an example, to increase the pressure within
the processing chamber, the gaps between the confinement rings may be reduced.
16006} In a competitive market, the ability to stmplify a process and/or components usually
gives the manufacturing company a competitive edge ovey iis competitors. In view of the
mcrgasingly competitive substrate processing market, a simple arrangemst that provides for
pressure control while confinmg plasma formation within the plasma generating region is
desirable.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
{6007} The present invention is iHlustraied by way of examyple, and not by way of hnutation,
i the figares of the accompanying drawings and in which bike reference numerals refer o
similar elements and in which:
|8008] F1G. | shows a simple cross-sectional diagram of a confinement ring arrangement
within a processing chamber,
{60097 FIGS. 2 - 5 show, In embodimenis of the invention, cross-sectional views of different
configurations of g single witized confinernent ring arvangement for performing pressure
control and plasma confinement.

DETAILED DESCRIPTION OF EMBODIMENTS

16019} The present imvention will now be described in detad with reference to a few
embodiments thereof as ilostrated n the accompanying drawings. In the following

deseription, manerous specific details arve set forth i order o provide a thorough
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understanding of the present invention. It will be appavent, however, to one skilled in the @,
that the present invention may be practiced withoat some oy all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail
i order to not unnecessarily obscure the present invention.

{8911} Variows embodiments are described hereinbelow, including methods and techmiques.
Tt should be kept in mind that the tavention might also cover articles of manufacture that
includes a computer readable medium on which conwppuier-readable insiructions for carrying
out embodiments of the inventive technigue are stored. The computer readable medium may
mclude, for exarple, semiconductor, nragnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable code. Further, the invention may
also cover apparatuses for practicing embodiments of the invention. Such apparatus may
miclude circaits, dedicated andfor programmable, o carry out tasks pertaining o
embodiments of the invention. Examples of such apparatus include 8 general-purpose
computer andior a dedicated computing device when appropriately programmed and may
mclude a combimation of a computer/compating device and dedicatedprogrammable circuits
adapied for the various tasks pertamning to embodiments of the ivention.

16012} In accordance with embodiments of the present tnvention, a single or unitized (the
terms are synonymous in the confext of the present invention) confinement ring arrangement
15 provided for confinung plasta and {or controlling pressure within a plasma generating
region. As the termy s defined herein, a pitived confinement ring is a ving which may be
formed of a single block of material, in one or more embodiments, or may comprise of
muitiple mdividually manufactured parts that are later assembled, in other smbodiments.
When the mudtiple parts are assembled to form the single wntized confinement ring, the
vartous parts of the confinement are nonmovable relative to one another during deplovinent
and retraction, This is unlike the prior art sttuation when the rings may expand and collapse
during deplovment and retraction. In an embodiment, the unitized ring may mclude one or
WOTe THIZS.

[6013} Embodiments of the mvention include g unitized confinement ning arrangement that
may be implemented with different configurations, depending upon the requuirement of the
processing chamber. Embodiments of the mvention also include an astomatic feedback
arrangement for monitoring and stabilizing the pressure within the plasma generating region.
{0014} In an embodiment, a unitized confinement ring arrangement 18 provided for confining

plasnia and controlling the pressure within the plasma generating region. The confinement
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ring piay surrownd the periphery of the processing chamber area in which plasma i3 to form
{i.e., confined chamber region) to prevent plasma from escaping the confined chamber region
and to protect the chamber wall, Generally, one or more paths {channels) are provided for
exhausting uas (such as neutral gas species) from the confined chamber region. Since
conductance rate of gas exhaust within the confined chamber region i3 usually a facior of the
size and length of the path available for exhausung the gas frow the plasma generating
region, different arrangements may be provided for implementing a unitized confinement ring
within the processing chamber, i an embodiment.

16015} T one embodiment, by moving the confinement ning vertically ap/down, the size of
the path may be reduced or expanded to change the conductance rate, thereby modifving the
pressure within the confined chamber region. In an example, by moving the confinement
ring dowmwvard, the gap between the botiom serface of the anitized confinement ring and the
top surface of the bottom ground extension may be reduced. Thus, less gas may be exhausted
from the confined chamber region, thereby increasing the pressure level within the plasma
generaiing region.

{6016} In another embodiment, the length of the path may also be adjusted when the
confinement ning 18 moved verucally up/down. In an exgmople, moving the confinement ring
upward may cause the path between the left side wall of the confinement ring and the right
side wall of the upper electrode 1o lengthen, A longer path usually creates more resisiance to
the gas flow. Thas, less gas is exhavsted and the pressure within the confined chamber
region is increased.

6017} Besides the size and length of the path. the manber of paths available may also impact
the overall conductance rate for exhansting eas from the confined chasuber region. Inan
example, if two possible paths exist for exhausting gas from the confined chamber region,
both paths may be considered in determining the overall conductance rate. This s especially
troe if one path provides a counter effect on the conductance rate of the other path. For
example, an upper path and a lower path are available for exhaunsting gas from the confined
chamber region. When the confinement ring 18 moved downward, the upper path is shortened
{therefore reducing reststance to flow) while the lower path is reduced (thereby mcreasing
resistance to flow). To calculate the overall conductance rate for the confined chamber
region, the conductance rates for both of the wpper path and the lower path may be

considered,
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{6018} In an embodiment, one or more sfois may be created in the unitized confinement ving
to facilitate exhanst flow. The slots may be equal in length or may have different lengths.
The slots may be equally or unequally spaced. The length and cross-sectional area of the
slots may also vary.
{88197 In an embodiment, a feadback arrangement may be provided for confining pressure
and managing pressure control. The feedback arrangement may include a sensor configured
for monitorinyg the presswre level within the confined chamber region. The data collected by
the sensor is sent 10 a precision vertical movement arvangement for analyvsis. A comparison
to a predefined threshold range may be performed. I the pressare level is outside of the
threshold range, the confinement ring may be moved into a new position to change the
pressure fevel locally within the confined chamber region.
{8020} The features and advantages of the present invention may be better understood with
reference to the figures and discussions that follow.
6621} Equation 1 below shows a simple equation ifhustrating the conductance of controllable
Qap.
Condactance of controliable gap ~ (C*DYVL [Eqation 1]

(= constant {function of gas molecular weight, tomperature, eic.)

D = the widih of the chaunpel for evacuating the exhaust gas

L = length of the channel for evacuating the exhaust gas

1 = number of channels {such as slots) for evacuating the exhanst gas
[8022} As shown by Equation 1, the conductance rate of gas exhaust may be controlled by
varving one of the variables (D, L., or n) above. The next few figares (FIG. 2 - FIG. 3}
provides examples of different configurations for implementing a single unitized confinement
ring in controfling at feast one of plasma conflinement and pressure control within a confined
chamber region.
{8023} FIG. 2 shows, in an embodiment of the invention, a simple diagram of a partial view
of a processing chamber 200 with a unitized confinement ring arrangement for performing
pressure control andfor plasma confinerient. In an embodiment, processing chamber 200
may be a capacitively~coupled plasma processmyg chamber.
160241 In this document, various implementations may be discussed using & capaciively-
coupled plasma {CCP) processing system as an example. This invention, however, is not

finited to a CCP processing system and may include other processing system, such as an
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inductivelv-coupled plasma (ICP} processing sysiem, that may exist. Instead, the discussions
ave meant as exampies and the invention 1s not limited by the examples presented.

16025} Duning substrate processing, 8 plasma, which may be emploved to etch a substrate.
may form within a confined chamber region 204, In order to contre! plasma formation and {o
protect the processing chamsber parts, a umitized confinement ring 202 may be emploved to
surround the periphery of confined chamber region 204, in an embodiment. Inan
embodiment, at least a portion of confinement ring 202 13 generally cvlindrical in shape and
is postiioned belween an upper electrode 206 and a chamiber wall 208, In addition, a part of
the width of confinement ning 202 is overlapping a bottom ground extension 210,
Confinement ring 202 may be made front a dielectric material or an RF ground conductive
material, in an embodiment. In addition to the unitized confinement ring, the penphery of
confined chamber region 204 may also be defined by an upper elecirode 206, the substrate
disposed on the fower electrode, a bottont ground extension 210 and other chamber
structures,

18026} During sabstrate processing, gas may flow from a gas distribution system {not shown)
mto confined chamber region 204 1o interact with RF power to create plasma. In order to
evacuate exhaust gas from the confinement region {confined chamber region 2043, one or
more exhaust paths are usually provided. In an example, the exhaust gas may be evacuated
from confined chamber region 204 by Hlowing either along an upper path 212 or a lower path
214, In an embodiment, the exhauost gas evacuation rate from confined chamber region 204
may be controlled by moving confinement ring 202 vertically (up/down).

(6027} As shown by Equation 1 above, the condactance rate of gas exhaust may be
controlled by varying one of the vanables (D, L, or n). In an example, by moving
confinement ring 202 vertically up/down, a gap 218 (D}, which is the distance between the
bottom surface of confinement ring 202 and the top surface of bottom ground extension 210
may be adjusted. In other words, by adjusting gap 218, the rate of conductance may vary,
thereby changing the pressure lfevel (P} within confined chamber region 204, For example,
by reducing gap 218, less gas is exhausted from confined chamber region 204, thereby
imereasing the pressure fevel {Po) within confined chamber region 204, Conversely, by

moreasing gap 218, more gas may be exhausted from confimed area 204, thereby decreasing

the pressure level (Py) within conlined chamber region 204,
{0028} Since two paths (214 and 212} are shown in FIG. 2 for exbausting gas from confined

chamber region 204, the overall conductance rate for confined chamber region 204 may be a
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actor of both the Jower path conductance rate and the upper path conductance rate. Sinstlar
to lower path 214, when confinement ring 202 is adjusted., the apper path conductance rate
mmy also change. In an embodiment, the counter effect may vary depending upon the length
of the path (L. In an example, by moving confinement ring 202 downward, the postion of
upper path 212 between unitized confinement ring 202 and upper electrode 206 s shortened
{.e., the length of the upper path 212}, thereby increasing the rate of exhaust. In another
example, the rate of exhaust may decrease as the portion of upper path 212 betweesn unitized
confinement ring 202 and wpper electrode 206 is lenzthened when confinement ting 202 1
moved vertically apward since a longer path vsoally creates move resistance to the gas flow.
160291 In another embodiment, the distance {zap 228) between the side wall of confinement
ring 202 and the right side wall of upper electrode 206 may have an mpact on the overall
conductance rate. In other words, the width of gap 228 may change the conduciance rate of
upper path 212, In an example, 8 wider gap 228 may increase the conductance rate of upper
path 212, For example, a processing chamber A with a narrow gap 228 may have less impact
on the overall conductance rate than a processing chamber B with a wider gap 228

{60301 In an embodiment, a set of plungers 222 may be attached to confinement ring 202 at
available attachment points, The number of phamgers may depend upon the number of
attachment points. The plungers may be moved concurrently to adjust confinement ring 202
vertically up/down. In an embodiment, set of plungers 222 may be coupled 1o a precision
vertical movement arrangement 224 (such as a stepper assembly, a CAM ring avrangement,
ete.). Precision vertical movement arrangement 224 may be emyployed to move confinement
ring 202 into a position that enables the pressure level (P} within confined chamber region
204 1o be maintained at the desired recipe step tevel.

16031} In an embodiment, set of plungers 222 may be moved i response to processing data
{such as pressare data} collected by a set of sensors {such as sensor 226). The pressure data
may be sent to precision vertical movement arrangement 224, which may also include a
moduole for processing and analyzing the pressure data. 11 the processing duta traverses a
threshold range, set of plungers 222 may be moved vertically up/down in order 1o change the
pressare level within confined chamber region 204, In an example, if the processing data
mdicates that the pressure level is above the pre~defined threshold, gap 218 may be increased
to reduce the pressure within confined chamber region 204, In an embodunent, at least one
of the collection of data. the analysis of data and the adjustment of set of plungers 222 may

be performed astomatically without human intervention.
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{8032} As discassed herein, the term traverse may inchude exceed, fall bellow, be within
ravge, wud the like. The meaning of the word traverse may depend upou the requivement of
the threshold valoe/range. I an example, if the recipe requires the pressure value, for
exanple, to be at least a certain value, then the processing daia is considered to have
traversed the thrashold vahuefrange if the pressure value 1 below the threshold valuefrange.
In another example, 1f the recipe requires the pressure value, for example, to be below a
value, then the processing data has fraversed the threshold value/range if the pressure value is
above the threshold vahiefrange.

16033} T an embodiment, confinement ring 202 may ichude one or move slots 250, The set
of stots (1) may be employed 1o provide for additionad paths for exhausting gas from the
confined chamber region, in an embodiment. The slots may be equal in length or may have
different Jengths. The slots may be equally or unequally spaced. The length and cross-
sectional area of the slots may also vary. In one embodiment, the set of slots may inclade a
path to factlitate detection of plasma condition by an optical sensor, which may be employed
to capture end point data duning substrate processing.

16034} In an embodiment, confinement ring 202 may be emploved to manage plasma
confinement while an externgl component may be emploved to perform pressure control,
Those skilled in the art arg aware that some recipes mav require the componsnts within a
processing chamber to be slationary during processing. In this tvpe of environmen,
conflinement ring 202 may be positioned at a predeterniined stanonavy position. The
predetermined stationary position may be at a position that minimizes the possibility of
plasma anconfinement. In an embodiment a valve such as a vat valve 232 may be emploved
to adjust the pressure level within confined chamber region 204,

16035] FIG. 3A shows, in an embodiment of the invention, & cross-sectional view of a
umtized confinement ring with a high inductance upper path implementation. I an
embodiment the plasma processing system may be a capacitively-coupled plasma (CCP)
processing system. Processing chamber 300 may inclode a confinement ring 302 configured
to surround the periphery of the chamber volume where plasing is formed (/e confined
chamber region 304), Confinement ring 302 is similay to confinerment ring 202 except that
the upper part of conlinement ring 302 has a shoulder feature 330

16036} Similar to FIG. 2, an upper elecirode 306 and a bottom ground extension 310 may
also defined part of the periphery of confined chamber region 304, In an embodiment, upper

electrode 306 may include a profrusion {a shelf feature 332). Thus, when confinement ring

8
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302 13 moving vertically downward, the distance that confinement ring 302 mayv travel may
nat only be defined by the top surface of bottom ground extension 310 (similar to FIG. 2) bat
also by shelf feature 332

{89371 Durning substrate processing, two paths (312 and 314} may be availablz for evacuating
the exhaust gas from a confined chamber region 304, The conductance rate may be
controtled by adjusting a gap 318 (D)) between the bottom sorface of confinement rning 302
and the top surface of bottom ground extension 310, In an example, (o reduce the
conductance rate, a set of phimgers 322 may be lowered {0 cause confinement ring 302 to
ravel vertically downward thereby narrowing gap 318, At the same time, a gap 328 is also
narrowed as shoulder feature 330 get closer in proximity to shelf feature 332 of upper
electrode 306,

{B038] In an embodiment, gap 318 and gap 328 may have the same width, Thuas, when
shoulder feature 330 is resting on shelf feature 332, gas is not being exhausted from confined
chamber region 304 since both paths 312 and 314 have been choked off.

{8039} In another embodiment, gaps 318 and 328 may have different width measurements.

In an example, gap 318 may be larger than gap 328, In this example, only path 312 is choked
off when shoulder feature 330 rests on shelf feature 332 while path 314 is still gvailable for
evacuating the exhaust gas. In another example, gap 318 is smaller than gap 328, Asa
result, only path 314 13 choked off when the boltom surface of confinement ring 302 resis on
the top surface of bottom ground extension 310, In other words, path 312 15 still available for
evacuating the exhaust gas.

6040} In an embodiment, instead of a sheli~shoulder arrangement, an upper lefi side wall
{364) of confinement ring 302 may be sloped {as shown in FIG. 3B, FIG. 3C, and FIG. 3D}
In an example, upper left side wall 364 of confinement ring 302 may be at an angle less than
90 degrees. Similarly, a portion of the right side wall (362) of upper electrode 306 may be
sloped. In an example, a portion of right side wall 362} of apper electrode may be at ap angle
greater than 90 degrees. Thas, a gap 360 may be formed between the two side walls to
engble the exhaust gas to be evacuated. The conductance rate may be coutrolled by adjusting
gap 360, In an example, to redace the conductance rate, confinement ring 302 may be moved
vertically downward to reduce gap 360, thereby increasing the pressure within confined
chamber region 304 (FIG. 3QC). Conversely, to increase the conductance rate, confiement
ring 302 may be moved vertically ypward 10 increase gap 360, thereby decreasing the

pressure within confined chamber region 304 (FIG. 3D).
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16041} In an embodiment, a sensor 326 may be emploved to collect pressure data within
confined chamber repion 304, The pressure data may be sent to a precision vertical
movement arrangement 324 (such as a stepper assembly, a CAM ring srrangement, etc.) for
analysis. If the pressure level has (raversed a predefined thresheld range, the set of plungers
322 may be moved 1o adiest confinement ring 302 to a new position. Similar o FIG. 2, w an
embodiment, at least one of the collection of data, the analysis of data, and the adjustment of
set of plungers 322 mayv be performed awtomatically without human mtervention.

{6042} 1n an embodiment, confinement ring 302 may include one or more slots 330, The set
of stots (n) may provide additional paths for exhaosting gas from the confined chamber
region, in an embodiment. The slots may be equal in length or niay have different lengths.
The slots may be equally or unequally spaced. The lenpth and cross-sectional area of the
slots may also vary. In one embodiment, the set of slots may include a path o facilitate
detection of plasma condition by an optical sensor, which may be emploved to capture end
point data during substrate processing.

18643} In an embodiment, confinement ring 302 may be emploved to manage plasma
confinement while an external component may be emploved to perform pressure control.
Consider the sunation wheretn, for example, 8 recipe requires all components within g
processing chamber to be stationary during the execution of the recipe. In this type of
eavironment, confinement ring 302 may be positioned at a predetermined stationary position.
The predeternined stationary position may be at a position that minimizes the possibility of
plosma unconfinement. In an embodiment a valve such as a vat valve 352 may be emploved
to adjust the pressure level within confined chamber region 304,

16044} As aforementioned, conductance rate 1s affected by not only the cross-sectional
dimension of the path but also by the length and spacing of the path. FIG. 4 and FIG. 5 are
examples of how a unitized confinement ring arrangement may be emploved to chanpe the
fength of the path to perform plasma confinement and pressure control.

{80457 FIG. 4 shows, in an embodiment of the invention, a cross-sectional view of a unitized
confinement ring arrangement within a processing chamber 400 of a plasma processing
system. In an embodiment, the plasma processing sysiem is a capacitively-coupled plasma
{CCP} processing system. Consider the situation wherein, for example, a sobstrate is being
processed within processing chamber 400, Durmyg substrate processing, plasma s fonmed

above the subsirate to perform etchmg.
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16046} A confinement ring 402 is emploved to surround the plasma generating region {(f.e.,
confined chamber region 404}, in an embodiment, in order w0 confine the plasma. Sinnlar to
FIG. 2, confinement ring 402 is a single unitized confinement ring. However, confinement
ring 402 may extend from an upper electrode 406 downward past the top surface of a boltom
sround exignsion 416

{6047} Unlike FIG. 2, both gap 458 (distance between lell side wall of confinement ring 402
and right side wall of upper electrode 406 in FIG. 4) and gap 418 {distance between lefl side
wall of confinement ring 402 and right side wall of hottom ground extension 410 in FIG. 4}
may be at a fixed distance. To control the conductance rate of gas exhaust, the length of each
of the paths (412 and 414) may be adjusted.

{00481 1o an embodiment, the exbausted gas may be evacuated from confined chamber
region 404 by moving confinement 402 vertically {up/down). As can he seen from Equation
I above, as the length of the path (L) mcreases, the rate of conductance decreases. In other
words, as the path lengthens, the resistance in the gas flow 15 increased. As a result, less gas
may be exhausted from the plasma generating region and the pressure within confined
chamber region 404 may increase.

160497 As can be appreciated from the foregoing, paths 412 and 414 may have countering
affect on one another. In an example, as confinement ring 402 is moved vertically
downward, the portion of path 414 lengthens batween wnitized confinement ring 442 and
bottom ground extension 410 while the portion of path 412 between unitived confinement
ring 402 and upper electrode 4006 has shortened. As a result. the conductance rate for lower
path 414 increases while the conduciance rate for upper path 412 decreases. Thus, In
determining the overall conductance rate for confined chamber region 404, the conductance
rates through both paths may be considered.

80307 In an embodiment, the configuration of confinement ring 402 may nunimize the
possibility of vartability in the conductance rate in the apper path (412}, In an example, the
configuration of confinement ring 402 may be such that as confinement ring 402 1 moved
downward, the length between the lefl side of confinement ring 402 and the right side of
uppar elecirode 406 remains the same, thereby keeping the condactance rate 1 the upper path
{412 to be relatively unchanged. In this tvpe of configaration, the overall rate of
conductance may be controlled by adjusting lower path 414,

18031} In an embodiment, confinement ring 402 may be attached 1o a set of plungers 422 a1

the available attachment points. Again, the number of plangers depends wpon the number of

81



WO 2011/038344 PCT/US2010/050401

attachment points. The set of plungers may be moved concarrently to adjust the vertical
portion of confinement ring 402, Simifar to FIG. 2, a precision vertical movement
arrangement 424 (such as a stepper assenmbly, a CAM ring arrangement, etc.) may be
emploved o control the movement of set of plungers 422.

{89321 In an embodiment, a feadback arrangement may be provided. The feadback
arrangenent may include a sensor 426 that may be employed to collect data about the
pressure fevel within confined chamber region 404, The pressure data may be sent to
precision vertical movement arrangement 424 for analvsis. I the processing data traverses a
thveshold range, set of plungers 422 may be moved vertically in order to change the pressure
fevel within confined chamber region 404, 1In an embodiment, at least one of the collection of
data, the analysis of data and the adjustment of set of plungers 422 may be performed
agtomatically without human itervention.

{8033} In an embodiment, confinement ring 402 may be employed 1o manage plasma
confinement while an external component may be employed 1o perform pressure control,
Consider the situation wherein, for example, a recipe requires all components within a
processing chamber (o be stationary daring the execation of the recipe. In this tvpe of
environment, confinement ring 402 mayv be positioned &t a predetermined stationary position,
The predetermined stationary position may be at a position that nunimizes the possibility of
plasma wnconfinement. In an smbodiment 3 valve such as a vat vabve 452 may be emploved
to adjust the pressure level within confined chamber vegion 404,

[6034] In an embodiment, confinement ning 402 may additionally or alternatively be
implemented with a set of slots, as shown in FIG. 5. As aforementionad, besides size and
fength of the paths for exhausting gas from a confined chamber region, the nuwber of paths
(n} and spacing availuble for exhausting may also be a factor in the conductance rate. Inan
example, confinement ring 402 may have four slots (302, 304, 506, and 508). Thus, msiead
of only two paths (412 and 414) being available for exhausting gas from confined chamber
region 404, additional four paths are available for evacuating the exhaust gas.

{8055} In an embodiment, the conductance rate of gas exhanst may also be controlled by
adjasting the mumber of slots available. In an example, to reduce the conductance rate, one o
more of the slots may be blocked to prevent the gas from exiting confined chamber region
404 through the paths provided by the slots. In an example, slots 502 and 304 are positioned
below the top surface of bottom ground extension 410, Thus, only slots 5006 and 508 are

avatlable to exhaust the gas from confined chamber region 404, In other words, ag

=
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confinement ring 402 is moved vertically down, slots 302 and 504 may be blocked by botiom
ground extension 410, As a resali, the paths through slots 502 and 304 may no longer be
available for evacuating the exhaust gas from confined chamber region 404,

{89561 FiGs. 2 - 5 have been discussed in relation to Equation 1. However, those skilled i
the art are aware that Equation 1 1s but one example of an equation for caloslating the rate of
conductance. Equation 1 has been uulived as an example to show the relationship between
three variables (D, L, and n) that may atlect the rate of conductance. Other equations may be
alse emploved to caleolate the rate of conductance. In an example, Equation 2 below shows

an example of another equation that may be emploved to caleulate the rate of conductance.

- 2 2 — i
T K o8 w™ ¢ h” % v _ ] kT

C = v R
3{w + h)st Y nm

[Equeation 2f

[6057} Again, C = rate of conductance; K = constant; w = width; h = heyght; v = velocity; 1 =
thickness; T = temperature; amd m = mass of gas.

{60581 As can be appreciated from the forgoing, one or more embodiments of the present
svention provide for 3 unitized confinement ring arrgngement, With a umitized confinement
ring, the conductance rate may be managed by varying the number of paths, the size of the
paths, andfor the lengih of the paths available, and the ke, By simplifving the design, fewer
mechamical components are required to perform the function of plasma confinement andfor
pressure control within the plasma generating region. Since there are fewer mechanical
components, the unitized conlinement ring arrangenent s more reliable and the cost of
maintaining and servicing the unitized confinement ring arrangement is less expensive.
160391 While this invention has been described i terms of several preferred embodiments,
there are alierations, permutations, and equivalents, which {all within the scope of this
myvention. Although various examples are provided herein, # is intended that these examples
be tlustrative and not linuting with respect o the vention.

6060} Also, the title and summary are provided herein for convenience and should not be
used to consirue the scope of the claims herein. Further, the abstract is written m a highly
abbreviated form and is provided herein for convenience and thus should not be emploved to
construe or limy the overall vention, which Is expressed in the claims. I the term “set” s
emploved herein, such term is intended to have its commoniy understood mathematical

meaning (o cover zero, one, or wore than one member. [t shouald also be noted that there are
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many alterpative ways of implementing the methods and apparatuses of the present mvention.
It is therefore intended that the following appended claims be interpreted as including all such
alterations, permutations, and equivalents as fall within the true spirit and scope of the present

Hvenion.
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CLAIMS
What is claimed s
1. An arrangement for performing pressure control in a processing chamber of a plasma

processing system during processing of a subsirate, said amrangament comprising:

an apper electrode;

a lower electrode;

a nnitized confivement ring arrangement, whevein said upper electrode, said lower
electrode and said wnitized confinement ring arvangement are configured al least for
surrounding a confined chamber region, wherein said confined chamber region is capable of
supporting a plasnia for etching said substrate during substrate processing and ssid unized
confinement ring arrangement 1s con{igred for confining said plasma within said confined
chamber region; and

at least one phinger configured for moving said unitized confinement ring
arrangement in a vertical direction to adpst af {east one of a first gas conductance path and a
second gas conductance path to perform said pressure control, wherein said first gas
conductance path 1s formed between said upper electrode and said anitived confinement ring
arvangement and said second gas conductance path is formed between said lower electrode
and said single unitized ring arrangement.

2. The arrangement of claim 1 wheremn sad second gas conducilance path is formed
between a bottom surface of saxd wintized confinement ring arrengement and a top surface of
said lower electrode, wherein at least a portion of the width of said bottom surface of said
unitized con{mement ring arrangement overlaps said top surface of said lower electrode,
wherein satd pressure control within said confined chamber region is provided by moving
said at least one plunger vertically to adjust the width of said second pas conductance path,
3 The arrangement of claim | wherem said unitized confinement ring arrangement
extends from said upper electrode downward past a top surface of said lower electrode such
that said second gas conductance path i3 formed between a left side wall of said wnitized
confinement ring grrangement aind 8 right side wall of said lower elecirode, whevein said
pressare control within said confined chamber region is provided by moving said af least one
plunger vertically to adjust the length of said second gas conductance path

4. The arrangement of claim 1 wherem smid first gas conduciance path 1s formed
between g left side wall of said unitized confinement ring arrangement and a right side wall

of said upper electrode, wherein said pressure control within said confined chamber region is



WO 2011/038344 PCT/US2010/050401

provided by moving said at least one phunger vertically to adjust the length of said first gas
conductance path.

s The arrangement of claim 1 wherein said first gas conductance path is formed
between a first protrusion of said upper electrode and a second protrusion of said unitized
conflinement ring arrangement, wherein at least a portion of said second protrasion overlaps
said first protrusion, wheren said pressure control within said confined chawber region 1s
provided by moving said at least one plunger vertically 10 adjust the widith of said first gas
conductance path.

6. The arrangement of claim 1 wherein at least a portion of a right side wall of said
upper electrode is at a first angle and at feast a portion of a left side wall of said unitized
confinement ring arrangement 13 at a second angle such that said first pas conductance path is
formed between said upper electrode and said unilized confinement ring arrangement,
wherein sard pressure control within said confined chamber region 15 provided by moving
said at least one plunger vertically to adjust the width of said first gas conductance path.

7. The arrangement of claim 1 wherein sard unitized confinement ring arvangement 1s
comprised of a single ring.

R The arrangement of clatm 1 wherein sad wnitized confinement ring artangement 18
comprised of multiple components combined such that each component is nonmaovable
relative o one another.

9. The arrangement of claim 1 wherein said onttized confinement ring arrangement is
made from a dielectric material.

19, The arrangement of claim | wherein said unitized confinement ring arrangement is
made from a conductive material.

1}, The arrangement of claim 1 wherem said plasnia processing systent is a capactively-
coupled plasma processing system.

12, The arrangement of clamm 1 further inclading an automatic feedback arrangement
configured at least for monitoring and stabilizing the pressure within said confined chamber
region,

13. The arrangement of claim 12 wherein said avtomatic feedback arrangement includes a
set of sensors configared for collecting processing data about pressure volume within said
confined chamber region.

14, The arrangement of clamm 13 wherem said automatic feedback arrangement includes a

precision vertical movement arrangement configured at least fov
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recerving said processing data from said set of sensors,

analyzing said processing data, and

deternyining a new position for sakd single unitized ring wrrangement.
1

wicludes a set of slots, whergin each slot of sawd set of slots is configured for providing an

L

The arrangement of claim 1 wherein said unitized confinement ring arrangement

additional path for exhausting gas from said confined chamber region, wherein the
availability of said each slot is adpusied by moving said at least one plunger vertically.

16, An arrangement for performing pressure controd i a processing chamber of o plasma
processing system during processing of @ substrate, said arvangement comprising:

an upper electrode;

a lower electrode;

a unitized confinement ring arrangement, wherein said upper electrode, said tower
electrode and said wnitized confinement ring arrangement are configared at least for
surrounding a confiped chamber region, wherein said confined chamber region is capable of
supporting a plasma for etching said substrate daring substrate processing and said anitized
confinement nng arrangement is configured for confining said plasma within said contined
chamber region; and

a valve configured at least for controlling pressure within said confined chamber
regiom.

17. The arrangement of claim 16 wherein « first gas conductance path s formed between
said upper electrode and said unitized confinement ring, said first gas conductance path
providing a first route for exhausting gas from said confined chamber region.

18, The arrangement of claim 17 wherein a second gas conductance path is formed
between said lower electrode and swid wntized confinement ring, said second gas
conductance path providing a second route for exhausting said gas from said confined
chamber region.

19, The arrangement of clam 16 further including an automatic feedback srrangement
configured at least for monitoring and stabilizing the pressure within said confined chamber
region,

20, The arrangement of clamm 16 wherein smd unitized confinement ring arrangement is

made from gt least one of a dielectric material and a conductive material,

y—
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