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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 
confinement ring arrangement are configured at least for Sur 
rounding a confined chamber region to facilitate plasma gen 
eration and confinement therein. The arrangement further 
includes at least one plunger configured for moving the unit 
ized 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 perform the pressure control, 
wherein the first gas conductance path is formed between the 
upper electrode and the unitized confinement ring arrange 
ment and the second gas conductance path is formed between 
the lower electrode and the single unitized ring arrangement. 
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UNITIZED CONFINEMENT RING 
ARRANGEMENTS AND METHODS 

THEREOF 

PRIORITY CLAIM 

0001. The present invention claims priority under 35 U.S. 
C. 119(e) to a commonly owned provisionally filed patent 
application entitled “A Single Confinement Ring Arrange 
ment for Performing Pressure Control and Plasma Confine 
ment and Methods Thereof.” U.S. Application No. 61/246, 
526, Attorney Docket No. P2004P/LMRX-P187P1, filed on 
Sep. 28, 2009, by inventors Dhindsa et al., all of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 Advances in plasma processing have provided for 
growth in the semiconductor industry. In today's competitive 
market, the ability of a manufacturing company to be able to 
minimize waste and produce high quality semiconductor 
devices gives the manufacturing company a competitive 
edge. Accordingly, tight control of the process parameters is 
generally needed to achieve satisfactory results during Sub 
strate processing. Thus, manufacturing companies have dedi 
cated time and resources to identify methods and/or arrange 
ments for improving Substrate processing. 
0003. In a plasma processing system, Such as a capaci 
tively-coupled plasma (CCP) or an inductively-coupled 
plasma (ICP) processing system, the manufacturing of semi 
conductor devices may require multi-step processes employ 
ing plasma within a processing chamber. During processing, 
gas may interact with radio frequency (RF) power to form 
plasma. Confinement rings may be employed to control 
plasma formation and to protect the process chamber walls. 
The confinement rings may include multiple rings stacked on 
top of one another and are configured to Surround the periph 
ery of the chamber volume in which plasma is to form (i.e., 
confined chamber region). 
0004. The confinement rings may also be employed to 
control the pressure level within the confined chamber region. 
Typically, during processing, the processing chamber is usu 
ally maintained at a predefined pressure for each process step 
in order to generate the desired plasma needed for processing 
the substrate. Those skilled in the arts are aware that a stable 
plasma is important during Substrate processing. Thus, the 
ability to maintain tight control of the process parameters 
during Substrate processing is essential for plasma stability. 
When the process parameters (e.g., pressure or other param 
eters) are outside of a narrow, pre-defined window, the pro 
cess parameters may have to be adjusted to maintain a stable 
plasma in accordance with the required processing recipe. 
0005 FIG. 1 shows a simple cross-sectional diagram of a 
confinement ring arrangement within a processing chamber. 
Consider the situation wherein, for example, a substrate 102 
is disposed on top of a lower electrode 104 (such as an 
electrostatic chuck). During Substrate processing, plasma 106 
may form between substrate 102 and upper electrode 108. 
Surrounding the plasma is a plurality of confinement rings 
(110a, 110b, 110c, 110d, etc.), which may be employed to 
confine plasma 106 and to control the pressure within the 
confinement region (such as a confined chamber region 118). 
The gaps (such as gaps 112a, 112b, 112c, etc.) between the 
plurality of confinement rings may be adjusted to control the 
exhaust rate, hence the pressure above the Substrate Surface. 
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0006. In a typical processing chamber that employs the 
plurality of confinement rings (110a, 110b, 110c, 110d, etc.), 
the confinement rings may have attachment points. Posi 
tioned at each attachment point is a plunger (Such as 114 and 
116, for example). To control the volume of pressure within 
confinement region 118, a plunger controller module 120 
(such as a CAM ring arrangement) may move the plungers 
Vertically (up/down) to adjust the gaps between the plurality 
of confinement rings (110a, 110b, 110c, 110d, etc.). By 
adjusting the gaps between the confinement rings, the con 
ductance rate of gas being exhausted from the confined cham 
ber region may be controlled, thereby controlling the amount 
of pressure within the processing chamber. In other words 
during Substrate processing, if the chamber pressure is out 
side of the designated range (such as that determined 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. 

0007. In a competitive market, the ability to simplify a 
process and/or components usually gives the manufacturing 
company a competitive edge over its competitors. In view of 
the increasingly competitive Substrate processing market, a 
simple arrangement that provides for pressure control while 
confining plasma formation within the plasma generating 
region is desirable. 

SUMMARY OF THE INVENTION 

0008. The invention relates, in an embodiment, to 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 
confinement ring arrangement are configured at least for Sur 
rounding a confined chamber region to facilitate plasma gen 
eration and confinement therein. The arrangement further 
includes at least one plunger configured for moving the unit 
ized 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 perform the pressure control, 
wherein the first gas conductance path is formed between the 
upper electrode and the unitized confinement ring arrange 
ment and the second gas conductance path is formed between 
the lower electrode and the single unitized ring arrangement. 
0009. These and other features of the present invention 
will be described in more detail below in the detailed descrip 
tion of the invention and in conjunction with the following 
figures. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0010. The present invention is illustrated by way of 
example, and not by way of limitation, in the figures of the 
accompanying drawings and in which like reference numer 
als refer to similar elements and in which: 

0011 FIG. 1 shows a simple cross-sectional diagram of a 
confinement ring arrangement within a processing chamber. 
0012 FIGS. 2-5 show, in embodiments of the invention, 
cross-sectional views of different configurations of a single 
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unitized confinement ring arrangement for performing pres 
Sure control and plasma confinement. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0013 The present invention will now be described in 
detail with reference to a few embodiments thereofas illus 
trated in the accompanying drawings. In the following 
description, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It 
will be apparent, however, to one skilled in the art, that the 
present invention may be practiced without some or all of 
these specific details. In other instances; well known process 
steps and/or structures have not been described in detail in 
order to not unnecessarily obscure the present invention. 
0014 Various embodiments are described hereinbelow, 
including methods and techniques. It should be kept in mind 
that the invention might also cover articles of manufacture 
that includes a computer readable medium on which com 
puter-readable instructions for carrying out embodiments of 
the inventive technique are stored. The computer readable 
medium may include, for example, semiconductor, magnetic, 
opto-magnetic, optical, or other forms of computer readable 
medium for storing computer readable code. Further, the 
invention may also cover apparatuses for practicing embodi 
ments of the invention. Such apparatus may include circuits, 
dedicated and/or programmable, to carry out tasks pertaining 
to embodiments of the invention. Examples of such apparatus 
include a general-purpose computer and/or a dedicated com 
puting device when appropriately programmed and may 
include a combination of a computer/computing device and 
dedicated/programmable circuits adapted for the various 
tasks pertaining to embodiments of the invention. 
0015. In accordance with embodiments of the present 
invention, a single or unitized (the terms are synonymous in 
the context of the present invention) confinement ring 
arrangement is provided for confining plasma and for con 
trolling pressure within a plasma generating region. As the 
term is defined herein, a unitized confinement ring is a ring 
which may be formed of a single block of material, in one or 
more embodiments, or may comprise of multiple individually 
manufactured parts that are later assembled, in other embodi 
ments. When the multiple parts are assembled to form the 
single unitized confinement ring, the various parts of the 
confinement are nonmovable relative to one another during 
deployment and retraction. This is unlike the prior art situa 
tion when the rings may expand and collapse during deploy 
ment and retraction. In an embodiment, the unitized ring may 
include one or more rings. 
0016 Embodiments of the invention include a unitized 
confinement ring arrangement that may be implemented with 
different configurations, depending upon the requirement of 
the processing chamber. Embodiments of the invention also 
include an automatic feedback arrangement for monitoring 
and stabilizing the pressure within the plasma generating 
region. 
0017. In an embodiment, a unitized confinement ring 
arrangement is provided for confining plasma and controlling 
the pressure within the plasma generating region. The con 
finement ring may surround the periphery of the processing 
chamber area in which plasma is to form (i.e., confined cham 
ber 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 gas 
(such as neutral gas species) from the confined chamber 
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region. Since conductance rate of gas exhaust within the 
confined chamber region is usually a factor of the size and 
length of the path available for exhausting the gas from the 
plasma generating region, different arrangements may be 
provided for implementing a unitized confinement ring 
within the processing chamber, in an embodiment. 
0018. In one embodiment, by moving the confinement 
ring vertically up/down, the size of the path may be reduced or 
expanded to change the conductance rate, thereby modifying 
the pressure within the confined chamber region. In an 
example, by moving the confinement ring downward, the gap 
between the bottom surface of the unitized 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 generating region. 
0019. In another embodiment, the length of the path may 
also be adjusted when the confinement ring is moved verti 
cally up/down. In an example, moving the confinement ring 
upward may cause the path between the left side wall of the 
confinement ring and the right sidewall of the upper electrode 
to lengthen. A longer path usually creates more resistance to 
the gas flow. Thus, less gas is exhausted and the pressure 
within the confined chamber region is increased. 
0020 Besides the size and length of the path, the number 
of paths available may also impact the overall conductance 
rate for exhausting gas from the confined chamber region. In 
an example, if two possible paths exist for exhausting gas 
from the confined chamber region, both paths may be con 
sidered in determining the overall conductance rate. This is 
especially true if one path provides a counter effect on the 
conductance rate of the other path. For example, an upper 
path and a lower pathare available for exhausting gas from the 
confined chamber region. When the confinement ring is 
moved downward, the upper path is shortened (therefore 
reducing resistance to flow) while the lower path is reduced 
(thereby increasing resistance to flow). To calculate the over 
all conductance rate for the confined chamber region, the 
conductance rates for both of the upper path and the lower 
path may be considered. 
0021. In an embodiment, one or more slots may be created 
in the unitized confinement ring to facilitate exhaust 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. 
0022. In an embodiment, a feedback arrangement may be 
provided for confining pressure and managing pressure con 
trol. The feedback arrangement may include a sensor config 
ured for monitoring the pressure level within the confined 
chamber region. The data collected by the sensor is sent to a 
precision vertical movement arrangement for analysis. A 
comparison to a predefined threshold range may be per 
formed. If the pressure level is outside of the threshold range, 
the confinement ring may be moved into a new position to 
change the pressure level locally within the confined chamber 
region. 
0023 The features and advantages of the present invention 
may be better understood with reference to the figures and 
discussions that follow. 
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0024. Equation 1 below shows a simple equation illustrat 
ing the conductance of controllable gap. 

Conductance of controllable gap-(CD)/L Equation 1 

0025 C-constant (function of gas molecular weight, tem 
perature, etc.) 
0026 D=the width of the channel for evacuating the 
exhaust gas 
0027 L=length of the channel for evacuating the exhaust 
gaS 
0028 n-number of channels (such as slots) for evacuating 
the exhaust gas 
0029. As shown by Equation 1, the conductance rate of gas 
exhaust may be controlled by varying one of the variables (D. 
L, or n) above. The next few figures (FIG.2-FIG. 5) provides 
examples of different configurations for implementing a 
single unitized confinement ring in controlling at least one of 
plasma confinement and pressure control within a confined 
chamber region. 
0030 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 and/or plasma confinement. In an embodi 
ment, processing chamber 200 may be a capacitively-coupled 
plasma processing chamber. 
0031. In this document, various implementations may be 
discussed using a capacitively-coupled plasma (CCP) pro 
cessing system as an example. This invention, however, is not 
limited to a CCP processing system and may include other 
processing system, such as an inductively-coupled plasma 
(ICP) processing system, that may exist. Instead, the discus 
sions are meant as examples and the invention is not limited 
by the examples presented. 
0032. During Substrate processing, a plasma, which may 
be employed to etch a substrate, may form within a confined 
chamber region 204. In order to control plasma formation and 
to protect the processing chamber parts, a unitized confine 
ment ring 202 may be employed to surround the periphery of 
confined chamber region 204, in an embodiment. In an 
embodiment, at least a portion of confinement ring 202 is 
generally cylindrical in shape and is positioned between an 
upper electrode 206 and a chamber wall 208. In addition, a 
part of the width of confinement ring 202 is overlapping a 
bottom ground extension 210. Confinement ring 202 may be 
made from a dielectric material or an RF ground conductive 
material, in an embodiment. In addition to the unitized con 
finement ring, the periphery of confined chamber region 204 
may also be defined by an upper electrode 206, the substrate 
disposed on the lower electrode, a bottom ground extension 
210 and other chamber structures. 
0033. During substrate processing, gas may flow from a 
gas distribution system (not shown) into confined chamber 
region 204 to interact with RF power to create plasma. In 
order to evacuate exhaust gas from the confinement region 
(confined chamber region204), one or more exhaust paths are 
usually provided. In an example, the exhaust gas may be 
evacuated from confined chamber region 204 by flowing 
either along an upper path 212 or a lower path 214. In an 
embodiment, the exhaust gas evacuation rate from confined 
chamber region 204 may be controlled by moving confine 
ment ring 202 vertically (up/down). 
0034. As shown by Equation 1 above, the conductance rate 
of gas exhaust may be controlled by varying one of the vari 
ables (D, L, or n). In an example, by moving confinement ring 
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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 level (P) within 
confined chamber region 204. For example, by reducing gap 
218, less gas is exhausted from confined chamber region 204, 
thereby increasing the pressure level (P) within confined 
chamber region204. Conversely, by increasing gap 218, more 
gas may be exhausted from confined area 204, thereby 
decreasing the pressure level (P.) within confined chamber 
region 204. 
0035) Since two paths (214 and 212) are shown in FIG.2 
for exhausting gas from confined chamber region 204, the 
overall conductance rate for confined chamber region 204 
may be a factor of both the lower path conductance rate and 
the upper path conductance rate. Similar to lower path 214. 
when confinement ring 202 is adjusted, the upper path con 
ductance rate may 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 down 
ward, the portion of upper path 212 between unitized con 
finement ring 202 and upper electrode 206 is shortened (i.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 between unitized 
confinement ring 202 and upper electrode 206 is lengthened 
when confinement ring 202 is moved vertically upward since 
a longer path usually creates more resistance to the gas flow. 
0036. In another embodiment, the distance (gap 228) 
between the side wall of confinement ring 202 and the right 
side wall of upper electrode 206 may have an impact on the 
overall conductance rate. In other words, the width of gap 228 
may change the conductance rate of upper path 212. In an 
example, a 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 con 
ductance rate than a processing chamber B with a wider gap 
228. 

0037. In an embodiment, a set of plungers 222 may be 
attached to confinement ring 202 at available attachment 
points. The number of plungers may depend upon the number 
of attachment points. The plungers may be moved concur 
rently to adjust confinement ring 202 vertically up/down. In 
an embodiment, set of plungers 222 may be coupled to a 
precision vertical movement arrangement 224 (Such as a step 
per assembly, a CAM ring arrangement, etc.). Precision ver 
tical movement arrangement 224 may be employed to move 
confinement ring 202 into a position that enables the pressure 
level (P) within confined chamber region 204 to be main 
tained at the desired recipe step level. 
0038. In an embodiment, set of plungers 222 may be 
moved in response to processing data (such as pressure data) 
collected by a set of sensors (such as sensor 226). The pres 
Sure data may be sent to precision vertical movement arrange 
ment 224, which may also include a module for processing 
and analyzing the pressure data. If the processing data 
traverses a threshold range, set of plungers 222 may be moved 
vertically up/down in order to change the pressure level 
within confined chamber region 204. In an example, if the 
processing data indicates 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 embodi 
ment, at least one of the collection of data, the analysis of data 
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and the adjustment of set of plungers 222 may be performed 
automatically without human intervention. 
0039. As discussed herein, the term traverse may include 
exceed, fall bellow, be within range, and the like. The mean 
ing of the word traverse may depend upon the requirement of 
the threshold value/range. In an example, if the recipe 
requires the pressure value, for example, to be at least a 
certain value, then the processing data is considered to have 
traversed the threshold value/range if the pressure value is 
below the threshold value/range. In another example, if the 
recipe requires the pressure value, for example, to be below a 
value, then the processing data has traversed the threshold 
value/range if the pressure value is above the threshold value/ 
range. 
0040. In an embodiment, confinement ring 202 may 
include one or more slots 250. The set of slots (n) may be 
employed to provide for additional paths for exhausting gas 
from the confined chamber region, in an embodiment. 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. In one embodi 
ment, the set of slots may include a path to facilitate detection 
of plasma condition by an optical sensor, which may be 
employed to capture endpoint data during Substrate process 
1ng. 
0041. In an embodiment, confinement ring 202 may be 
employed to manage plasma confinement while an external 
component may be employed to perform pressure control. 
Those skilled in the art are aware that some recipes may 
require the components within a processing chamber to be 
stationary during processing. In this type of environment, 
confinement ring 202 may be positioned at a predetermined 
stationary position. The predetermined stationary position 
may be at a position that minimizes the possibility of plasma 
unconfinement. In an embodiment a valve such as a vat valve 
252 may be employed to adjust the pressure level within 
confined chamber region 204. 
0.042 FIG.3A shows, in an embodiment of the invention, 
a cross-sectional view of a unitized confinement ring with a 
high inductance upper path implementation. In an embodi 
ment the plasma processing system may be a capacitively 
coupled plasma (CCP) processing system. Processing cham 
ber 300 may include a confinement ring 302 configured to 
surround the periphery of the chamber volume where plasma 
is formed (i.e., confined chamber region 304). Confinement 
ring 302 is similar to confinement ring 202 except that the 
upperpart of confinement ring 302 has a shoulder feature 330. 
0043. Similar to FIG. 2, an upper electrode 306 and a 
bottom ground extension 310 may also defined part of the 
periphery of confined chamber region 304. In an embodi 
ment, upper electrode 306 may include a protrusion (a shelf 
feature 332). Thus, when confinement ring 302 is moving 
vertically downward, the distance that confinement ring 302 
may travel may not only be defined by the top surface of 
bottom ground extension 310 (similar to FIG. 2) but also by 
shelf feature 332. 
0044. During substrate processing, two paths (312 and 
314) may be available for evacuating the exhaust gas from a 
confined chamber region 304. The conductance rate may be 
controlled by adjusting a gap 318 (D) between the bottom 
surface of confinement ring 302 and the top surface of bottom 
ground extension 310. In an example, to reduce the conduc 
tance rate, a set of plungers 322 may be lowered to cause 
confinement ring 302 to travel vertically downward thereby 
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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. 
0045. In an embodiment, gap 318 and gap 328 may have 
the same width. Thus, 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. 
0046. 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 available for evacuating the exhaust 
gas. In another example, gap 318 is Smaller than gap 328. As 
a result, only path 314 is choked off when the bottom surface 
of confinement ring 302 rests on the top surface of bottom 
ground extension 310. In other words, path 312 is still avail 
able for evacuating the exhaust gas. 
0047. In an embodiment, instead of a shelf-shoulder 
arrangement, an upper left 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 confine 
ment 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 upper electrode may be at an angle greater 
than 90 degrees. Thus, a gap 360 may beformed between the 
two side walls to enable the exhaust gas to be evacuated. The 
conductance rate may be controlled by adjusting gap 360. In 
an example, to reduce 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. 3C). Conversely, to increase the conduc 
tance rate, confinement ring 302 may be moved vertically 
upward to increase gap 360, thereby decreasing the pressure 
within confined chamber region 304 (FIG. 3D). 
0048. In an embodiment, a sensor 326 may be employed to 
collect pressure data within confined chamber region 304. 
The pressure data may be sent to a precision vertical move 
ment arrangement 324 (Such as a stepper assembly, a CAM 
ring arrangement, etc.) for analysis. If the pressure level has 
traversed a predefined threshold range, the set of plungers 322 
may be moved to adjust confinement ring 302 to a new posi 
tion. Similar to FIG. 2, in an embodiment, at least one of the 
collection of data, the analysis of data, and the adjustment of 
set of plungers 322 may be performed automatically without 
human intervention. 
0049. In an embodiment, confinement ring 302 may 
include one or more slots 350. The set of slots (n) may provide 
additional paths for exhausting gas from the confined cham 
ber region, in an embodiment. 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. In one embodiment, the set of slots 
may include a path to facilitate detection of plasma condition 
by an optical sensor, which may be employed to capture end 
point data during Substrate processing. 
0050. In an embodiment, confinement ring 302 may be 
employed to manage plasma confinement while an external 
component may be employed to perform pressure control. 
Consider the situation wherein, for example, a recipe requires 
all components within a processing chamber to be stationary 
during the execution of the recipe. In this type of environ 
ment, confinement ring 302 may be positioned at a predeter 
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mined Stationary position. The predetermined Stationary 
position may beat a position that minimizes the possibility of 
plasma unconfinement. In an embodiment a valve Such as a 
vat valve-352 may be employed to adjust the pressure level 
within confined chamber region 304. 
0051 Asaforementioned, conductance rate is 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 employed to change the length of the path to perform 
plasma confinement and pressure control. 
0.052 FIG. 4 shows, in an embodiment of the invention, a 
cross-sectional view of a unitized confinement ring arrange 
ment withina processing chamber 400 of a plasma processing 
system. In an embodiment, the plasma processing system is a 
capacitively-coupled plasma (CCP) processing system. Con 
sider the situation wherein, for example, a Substrate is being 
processed within processing chamber 400. During substrate 
processing, plasma is formed above the Substrate to perform 
etching. 
0053 A confinement ring 402 is employed to surround the 
plasma generating region (i.e., confined chamber region 404), 
in an embodiment, in order to confine the plasma. Similar 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 bot 
tom ground extension 410. 
0054. Unlike FIG. 2, both gap 458 (distance between left 
side wall of confinement ring 402 and right side wall of upper 
electrode 406 in FIG. 4) and gap 418 (distance between left 
side wall of confinement ring 402 and right side wall of 
bottom 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. 
0055. In an embodiment, the exhausted gas may be evacu 
ated from confined chamber region 404 by moving confine 
ment 402 vertically (up/down). As can be seen from Equation 
1 above, as the length of the path (L) increases, the rate of 
conductance decreases. In other words, as the path lengthens, 
the resistance in the gas flow is increased. As a result, less gas 
may be exhausted from the plasma generating region and the 
pressure within confined chamber region 404 may increase. 
0056. 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 down 
ward, the portion of path 414 lengthens between unitized 
confinement ring 402 and bottom ground extension 410 while 
the portion of path 412 between unitized confinement ring 
402 and upper electrode 406 has shortened. As a result, the 
conductance rate for lower path 414 increases while the con 
ductance rate for upper path 412 decreases. Thus, in deter 
mining the overall conductance rate for confined chamber 
region 404, the conductance rates through both paths may be 
considered. 

0057. In an embodiment, the configuration of confinement 
ring 402 may minimize the possibility of variability in the 
conductance rate in the upper path (412). In an example, the 
configuration of confinement ring 402 may be such that as 
confinement ring 402 is moved downward, the length 
between the left side of confinement ring 402 and the right 
side of upper electrode 406 remains the same, thereby keep 
ing the conductance rate in the upper path (412) to be rela 
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tively unchanged. In this type of configuration, the overall 
rate of conductance may be controlled by adjusting lower 
path 414. 
0058. In an embodiment, confinement ring 402 may be 
attached to a set of plungers 422 at the available attachment 
points. Again, the number of plungers depends upon the num 
ber of attachment points. The set of plungers may be moved 
concurrently to adjust the vertical portion of confinement ring 
402. Similar to FIG. 2, a precision vertical movement 
arrangement 424 (Such as a stepper assembly, a CAM ring 
arrangement, etc.) may be employed to control the movement 
of set of plungers 422. 
0059. In an embodiment, a feedback arrangement may be 
provided. The feedback arrangement may include a sensor 
426 that may be employed to collect data about the pressure 
level within confined chamber region 404. The pressure data 
may be sent to precision vertical movement arrangement 424 
for analysis. If the processing data traverses a threshold range, 
set of plungers 422 may be moved vertically in order to 
change the pressure level within confined chamber region 
404. In 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 automatically without human interven 
tion. 
0060. In an embodiment, confinement ring 402 may be 
employed to manage plasma confinement while an external 
component may be employed to perform pressure control. 
Consider the situation wherein, for example, a recipe requires 
all components within a processing chamber to be stationary 
during the execution of the recipe. In this type of environ 
ment, confinement ring 402 may be positioned at a predeter 
mined Stationary position. The predetermined Stationary 
position may be at a position that minimizes the possibility of 
plasma unconfinement. In an embodiment a valve Such as a 
vat valve 452 may be employed to adjust the pressure level 
within confined chamber region 404. 
0061. In an embodiment, confinement ring 402 may addi 
tionally or alternatively be implemented with a set of slots, as 
shown in FIG. 5. As aforementioned, besides size and length 
of the paths for exhausting gas from a confined chamber 
region, the number of paths (n) and spacing available for 
exhausting may also be a factor in the conductance rate. In an 
example, confinement ring 402 may have four slots (502,504, 
506, and 508). Thus, instead 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. 
0062. In an embodiment, the conductance rate of gas 
exhaust may also be controlled by adjusting the number of 
slots available. In an example, to reduce the conductance rate, 
one or 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 504 are 
positioned below the top surface of bottom ground extension 
410. Thus, only slots 506 and 508 are available to exhaust the 
gas from confined chamber region 404. In other words, as 
confinement ring 402 is moved vertically down, slots 502 and 
504 may be blocked by bottom ground extension 410. As a 
result, the paths through slots 502 and 504 may no longer be 
available for evacuating the exhaust gas from confined cham 
ber region 404. 
0063 FIGS. 2-5 have been discussed in relation to Equa 
tion 1. However, those skilled in the art arc aware that Equa 
tion 1 is but one example of an equation for calculating the 
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rate of conductance. Equation 1 has been utilized as an 
example to show the relationship between three variables (D. 
L., and n) that may affect the rate of conductance. Other 
equations may be also employed to calculate the rate of con 
ductance. In an example, Equation 2 below shows an example 
of another equation that may be employed to calculate the rate 
of conductance. 

2: K3 w: h’s V Equation 2 
3(w' + h): t 

8kT 
- 
7i. 

0064. Again, C-rate of conductance: K-constant; 
w=width; h-height; V-velocity; t—thickness: T-temperature; 
and m mass of gas 
0065. As can be appreciated from the forgoing, one or 
more embodiments of the present invention provide for a 
unitized confinement ring arrangement. With a unitized con 
finement ring, the conductance rate may be managed by vary 
ing the number of paths, the size of the paths, and/or the 
length of the paths available, and the like. By simplifying the 
design, fewer mechanical components are required to per 
form the function of plasma confinement and/or pressure 
control within the plasma generating region. Since there are 
fewer mechanical components, the unitized confinement ring 
arrangement is more reliable and the cost of maintaining and 
servicing the unitized confinement ring arrangement is less 
expensive. 
0.066 While this invention has been described in terms of 
several preferred embodiments, there are alterations, permu 
tations, and equivalents, which fall within the scope of this 
invention. Although various examples are provided herein, it 
is intended that these examples be illustrative and not limiting 
with respect to the invention. 
0067. Also, the title and summary are provided hereinfor 
convenience and should not be used to construe the scope of 
the claims herein. Further, the abstract is written in a highly 
abbreviated form and is provided herein for convenience and 
thus should not be employed to construe or limit the overall 
invention, which is expressed in the claims. If the term “set' 
is employed herein, Such term is intended to have its com 
monly understood mathematical meaning to cover Zero, one, 
or more than one member. It should also be noted that there 
are many alternative ways of implementing the methods and 
apparatuses of the present invention. It is therefore intended 
that the following appended claims be interpreted as includ 
ing all such alterations, permutations, and equivalents as fall 
within the true spirit and scope of the present invention. 

What is claimed is: 
1. An arrangement for performing pressure control in a 

processing chamber of a plasma processing system during 
processing of a Substrate, said arrangement comprising: 

an upper electrode: 
a lower electrode: 
a unitized confinement ring arrangement, wherein said 

upper electrode, said lower electrode and said unitized 
confinement ring arrangement are configured at least for 
Surrounding a confined chamber region, wherein said 
confined chamber region is capable of Supporting a 
plasma for etching said Substrate during Substrate pro 
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cessing and said unitized confinement ring arrangement 
is configured for confining said plasma within said con 
fined chamber region; and 

at least one plunger configured for moving said 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 perform said pressure 
control, wherein said first gas conductance path is 
formed between said upper electrode and said unitized 
confinement ring arrangement and said second gas con 
ductance path is formed between said lower electrode 
and said single unitized ring arrangement. 

2. The arrangement of claim 1 wherein said second gas 
conductance path is formed between a bottom surface of said 
unitized confinement ring arrangement and a top surface of 
said lower electrode, wherein at least a portion of the width of 
said bottom surface of said unitized confinement ring 
arrangement overlaps said top Surface of said lower electrode, 
wherein said pressure control within said confined chamber 
region is provided by moving said at least one plunger verti 
cally to adjust the width of said second gas conductance path. 

3. The arrangement of claim 1 wherein said unitized con 
finement ring arrangement extends from said upper electrode 
downward past a top surface of said lower electrode such that 
said second gas conductance path is formed between a left 
side wall of said unitized confinement ring arrangement and a 
right side wall of said lower electrode, wherein said pressure 
control within said confined chamber region is provided by 
moving said at least one plunger vertically to adjust the length 
of said second gas conductance path. 

4. The arrangement of claim 1 wherein said first gas con 
ductance path is formed between a 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 provided by moving said at 
least one plunger vertically to adjust the length of said first gas 
conductance path. 

5. The arrangement of claim 1 wherein said first gas con 
ductance path is formed between a first protrusion of said 
upper electrode and a second protrusion of said unitized con 
finement ring arrangement, wherein at least a portion of said 
second protrusion overlaps said first protrusion, wherein said 
pressure control within said confined chamber region is pro 
vided by moving said at least one plunger vertically to adjust 
the width 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 least a portion of a left side wall of said unitized confine 
ment ring arrangement is at a second angle such that said first 
gas conductance pathis formed between said upper electrode 
and said unitized confinement ring arrangement, wherein said 
pressure control within said confined chamber region is pro 
vided 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 said unitized con 
finement ring arrangement is comprised of a single ring. 

8. The arrangement of claim 1 wherein said unitized con 
finement ring arrangement is comprised of multiple compo 
nents combined such that each component is nonmovable 
relative to one another. 

9. The arrangement of claim 1 wherein said unitized con 
finement ring arrangement is made from a dielectric material. 
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10. The arrangement of claim 1 wherein said unitized con 
finement ring arrangement is made from a conductive mate 
rial. 

11. The arrangement of claim 1 wherein said plasma pro 
cessing system is a capactively-coupled plasma processing 
system. 

12. The arrangement of claim 1 further including an auto 
matic feedback arrangement configured at least for monitor 
ing and Stabilizing the pressure within said confined chamber 
region. 

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

14. The arrangement of claim 13 wherein said automatic 
feedback arrangement includes a precision vertical move 
ment arrangement configured at least for 

receiving said processing data from said set of sensors, 
analyzing said processing data, and 
determining a new position for said single unitized ring 

arrangement. 
15. The arrangement of claim 1 wherein said unitized con 

finement ring arrangement includes a set of slots, wherein 
each slot of said set of slots is configured for providing an 
additional path for exhausting gas from said confined cham 
ber region, wherein the availability of said each slot is 
adjusted by moving said at least one plunger vertically. 

16. An arrangement for performing pressure control in a 
processing chamber of a plasma processing system during 
processing of a Substrate, said arrangement comprising: 
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an upper electrode: 
a lower electrode: 
a unitized confinement ring arrangement, wherein said 

upper electrode, said lower electrode and said unitized 
confinement ring arrangement are configured at least for 
Surrounding a confined chamber region, wherein said 
confined chamber region is capable of Supporting a 
plasma for etching said Substrate during Substrate pro 
cessing and said unitized confinement ring arrangement 
is configured for confining said plasma within said con 
fined chamber region; and 

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

17. The arrangement of claim 16 wherein a first gas con 
ductance path is 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 
said unitized confinement ring, said second gas conductance 
path providing a second route for exhausting said gas from 
said confined chamber region. 

19. The arrangement of claim 16 further including an auto 
matic feedback arrangement configured at least for monitor 
ing and Stabilizing the pressure within said confined chamber 
region. 

20. The arrangement of claim 16 wherein said unitized 
confinement ring arrangement is made from at least one of a 
dielectric material and a conductive material. 

c c c c c 


