
WO 2008/002938 PCT/US2007/072158  METHODS AND
APPARATUS FOR SENSING [_N(.'ONFINEM:l NT IN ALAS A
PROCESSI_N`G (1=11_ VI HER  BACKGROUND OFT HE
INVENTION 100011 The present invention relates in
general to substrate manufacturing technologies  and
in particular to processing technologies ies that use
non-in agnet.ically confine d l lasma.  More
specifically, the invention relates to methods and
apparatuses for sensing the failure of  sustaining
confined plasma, called un-confirrement, in a plasma
processiri chamber. 10002.1 In the processing of a
substrate. e.g., a semiconductor substrate or a glass
panel  srach as one used i.n flat panel display?
nanutacturing, plasma is o.fl_en employed. As part of
the processing of a substrate in a plasma chamber for
example, the substrate is divided into a  plurality of
dies, or rectangular areas, each of which will become
an integrated circuit. The  substrate is then
processed in a. series of steps in which materials are
selectively removed  (etching) and deposited
(.deposition) in order to form electrical components
thereon. 100031 In general, plasma. chambers may
confine plasma through the use of'rron- magnetic
methods (e.g., quartz continernent ring, .:tc ) in
order to nr.ir.ini :c chamber all  contact. This is
beneficial for reducing. contamination levels and
memory effects. For  example, many surfaces within the
plasma chamber are configured with plasma resistant
materials (e.g., silicon, silicon carbide, silicon
nitride, quartz, etc.) that help to minimize  surface
wear without substantially increasing contaminants
that may affect the substrate.  However, continued
exposure to plasma tends to attack and remove the
protective material,  often resulting in surface
particle contamination and hence lo a er substrate
yields. 10004.1 Referring now to FIG, i A., a
simplified diagram of a capacitive coupled plasma
(CCP) processing system is shown. Figs f.A and its
counterpartlti4g. lB are simplified in that  many
components that are irrelevant to the invention herein
have been omitted to avoid  unduly cluttering up the
more relevant features. A typical CCP configuration
corn monly  consists of two electrodes separated by a
small distance, operating in a manner similar in
principle to a capacitor in an. electric circuit.
Powered electrode 102 is typically configured as  a
chuck., and, further, may be coupled to a set of RF
generators [not shown] by transmission  



line l 18, positioned M. transmission line bore 11.9.
100051 Powered electrode 102 rriay further include a.
bias compensation circuit [not  shown], including a
set of positive poles and a set of negative poles
configured to provide an  electrostatic clamping force
in order to clamp substrate 104 to chuck 102. For
example, a set WO 2008/002938 PCT/US2007/072158  of
positive and negative voltages of _,f t3 and -300V
respectively supplied to these poles  may, provide a
sufficient electrostatic clan .ping force, in order to
clamp substrate 104 to  chuck 102. A bias compensation
circuit helps maintain a consistent clamping force
across the  substrate during plasma processing by
providing a bias compensation voltage (',,). [OOO61 A
second grounded electrode. 106 is typically placed
above plasma 122. The  RF return path generally
follows a path in the upper part of the plasma
chamber, from.  grounded electrode 106, through
chamber liner 114, ground extension 1 16, and along
the  inner surface of the transmission line bore 1.19.
Certain etch applications may require the  upper
electrode to be ~?rounded with respect to the lower
frequency RF signal (e_g. ?MHz).  Another etch
application may require the upper electrode to be
grounded with respect to the  higher frequency .RF
signal 27 N111z and/or 60 MHz). Still another etch
application may  require the Lipper electrode to be
grounded with respect to all of the RF signal
frequencies  (e.g-, 21N-11-1z, 27Mf-Iz, and 60 MHz).
Grounded electrode 106 further may include a
protective  laver of"perforated silicon that allow
plasma gases to pass through into the plasma chamber
from a gas distribution systei.n. Furthermore, a
substrate 104 is commonly positioned with  edge ring
103 on chuck/RF-powered electrode 102. 100071 In
general, the magnitude of Vr,., the bias compensation
voltage, is proportional.  to the ratio of the ground
surface area normally the grounded electrode) to the
surface area of  the substrate: [Equation 1 i
$`uubstrute: - : rea I where Nis typically betAveen I
and 4. [OOOS In addition, a confinement ring set .l
.17 mays be positioned between the CCP  source and the
plasma chamber wall, and may further be raised and
lowered as required to  isolate plasma over the
substrate surface. Typically, the confinement rin<g
set 117 is  



configured as a series of quartz rings positioned
around a horizontal perimeter of a substrate,  and
further positioned in varying distances above the
substrate along the vertical axis. In  general, the
thickness of each confinement .ring, as well as the
size of the gap between any  two rings, is corn. lured
in order to optimize the particular plasma process and
control the  pressure within the plasma. In sonic
con.f:igurations, the confinement rings are of
differing diameter and thickness. For example, a
confinement ring positioned. closer to a substrate I
WO 2008/002938 PCT/US2007/072158  along the vertical
axis, may be smaller in diameter to one farther away
from the Substrate. In  general, the volume defined by
the confinement ring set, the substrate and the
powered electrode may be referred to as the plasma
space within the plasma processing system.  100091
Current trends in the semiconductor industry to
further reduce substrate feature  sizes, as well as
the implementation of near-substrate materials, has
challenged current  fabrication technologies. For
example, it is becoming increa.sirng difficult to
maintain the  uniformity or process results on larger
substrates (c g., > 300 rrrnm). In order to achieve
substantially vertical etch. profiles and high aspect
ratios, higher process power and lower  pressure may
be required. Consequently, the resultin plasma may be
challenging to confine.  Should the plasma become,
unconfined, substantial damage may occur to both, the
processed  srbstr-ate, as well as the plasma chamber
itself as a result of a substantial uncontrolled
increase in voltage. 100101 To minimize un-confined
plasma damage a bias voltage threshold is established
which is proportional to the steady-state bias voltage
at the wafer in the con-fined case. If the  measured
bias voltage at the wafer exceeds that threshold, RF
is shut off and plasma is terry .inated immediately.
This shut-off method is making use of the fact that V;
, significantly  increases when the plasma is in the
unconfined state due to the change in electrode area
ratio.  When unconti.nernent occurs, according to
equation 1, the area of ground has increased from  the
area of electrode 106 in Figure I A to the area of the
entire inside surface of the plasma  reactor. 100:1 1]
In existing art, however, it may be difficult to
determine the correct threshold  voltage since prior
knowledge of the steady-state or safe V"r, value is
required. In many arses.,  especially when new recipes
are developed, an up-front estimate of this threshold
may be  



very difficult, often leading to sensing of either
"false positives- if a bias voltage threshold  was set
too low, or non-detection and hence plasma chamber
damage if the bias voltage  threshold was set too
high. 100.121 .1st view of the foregoing, there are
desired methods and apparatuses for  sensing
un-confinement in a plasma processing chamber. SUMMARY
OF THE INVENTION 100131 The invention relates, in an
embodiment, to a method for detecting a Plasma
uncontinement condition in a plasma processing
chamber, The plasma uncontinement. WO 2008/002938
PCT/US2007/072158  condition is characte-i.; ed b the
presence of plasma in excess of a, pre-defined
specification  outside of a designed plasma
confinement volume within the plasma processing
chamber.  The method includes providing a sensor in a
selected position within the chamber. The  selected
position is disposed proximate a plasma processing
chamber component that is  configured to conduct a
first level of a return RFC current during plasma
processing if the  plasma is confined Within the
pre-defined specification within the designed plasma
confinement volume and a second level of the return.RF
current during the plasma processing  if the plasma is
in excess of the pre-defined specification outside the
designed plasma  confinement volume during the plasma
processing, wherein the sensor and the selected
position are configured to provide an electrical
parameter having discriminable variation  between a
,"first state and a second state, the first state
being characteristic of the first level of  the return
RE current, the second state being characteristic of
the second level of the return  RF current. The method
further includes providing a sensor data processing
arrangel-Dellt that  is coupled to the sensor. The
sensor data processing arrangement is configured to
provide,  responsive to the electrical parameter, a.
data. signal signifying whether the plasma processing
chamber is experiencing the plasma unconfi .ertrent
condition, 1001-41 Those and other features of the
present invention will. be described in more  detail
below in the detailed description of the invention and
in co.n unction with the following  figures. BRIEF
DESCRIPTION OF T-1-11t DRAWINGS 100:1 zs] The present
invention is illustrated by way of example, and not by
way of  



limitation, in the figure of the accomrrpanying
drawings and in which like reference numerals  refer
to similar elements and in which: 1.00161 Fig, I A is
a representative and simplified drawing of a
capacitively coupled  plasma processing chamber,
including a depiction of the return RF current in the
confined  state. 00.1.7I Fig. I B is a representative
and simplified drawing of the plasma processing
chamber of Fig, 1A, including; a depiction of the
return RF current in the unconfined state.  1OOOI8
Fig. .2 shows, in accordance with an embodiment of the
present invention., a  simplified drawing; of a
capacitively coupled plasma processing chamber,
including all  implementation of a sensor for a
universal plasm uncorrtinenrent detection system. 4 WO
2008/002938 PCT/US2007/072158  10019 Fig. 3 sh mvs, in
accordance with an. embodiment of the present
invention, an  example universal plasma unconfrnenaent
detection system, including a sensor and a sensor
data processing arrangement. 100201 Fig. 4 shows, in
accordance with arr embodiment of the present
invention, an  example universal plasrata
ttnconfinement detection system, including a
sensor/coil and a  sensor data processing arrangement
that comprises a high frequency transfihrmer, a
resistor,  and a trigger signal generator. 100211 Fig.
5 shows, in accordance wnrith an embodiment of the
invention, a plot of the  voltage in the sensor coil
as a function of the input RF power for the confined
state and the  unconfined state for an example
installation. 100221 Fig. 6 shows, in accordance with
an. embodiment of the present irnvention, the  steps
for sensing a plasma unconfinement condition in a
plasma processing chamber.  DETAILED DESCRI TIO N OF
THE PREFERRED EMBODIMENTS 100231 The present invention
will now be described in detail with reference to a
few  preferred embodiments thereof as illustrated in
the accompanying drawings. In the followin
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. 100241 In
embodiments of the invention, there exists a universal
plasma unconfr#nerne:nt detection system. (UPUDS) that
is configured to detect the plasma unconfinement
condition in the plasma processing chamber. Generally
speaking, in  substantially all plasma processing
chambers, there exists a designed plasma confinement
volume (DPCV) within which the plasma is supposed to
be generated and./or sustained for  substrate
processing, For example, some plasma processing
systems are designed such that  the generated plasma
is confined within the volume defined gene -ally by
the top electrode,  the surrounding focus rings, and
the bottom electrode (which may or may not include an
edge  ring). When plasma is confined within the
designed plasma confinement volume (D.PCV),  the
plasma is said to be in a confined state or in a
confined condition. In this confined state,  the
plasma density within the plasma processing chamber
but outside of this designed plasma  confinement
volume is very low or is substantially zero. 5 WO
2008/002938 PCT/US2007/072158  100251 When the plasma
becomes unconfined, the plus na density in various
locations  outside of the. a_foreme.ntioned designed
plasma confinemen volume exceeds a predefined
specification (which, as nmentioned, tends to be very
low or substantially zero when the  llasrara is iaa
tlae ceaaataae.cl state). The unconfined state is
undesirable due to the reasons  already discussed
above. Embodiments of the invention are configured to
sense this  unconfined state 100261 The inventors
herein believe that in the confined state, the return
RF current  traverses certain established paths with
respect to the chamber. A depiction of the return RF
current paatla..i=or the confined state is shown by
reference number 150 in Fig. I A. On the  other hand,
in the unconfined state, the increased presence of
plasma outside of the designed  plasma confinement
volume DPCV1 creates additional and/or alternative
return RF current  paths. The return RF current paths
for the unconfined state are depicted by reference
numbers 160 and 170 in Fig. 1.13. These unconfined.
state .return RF current paths traverse  chamber
components that previously experience very low or
substantially no return RF  current flow. By detecting
the presence of return RF current flows that are
characteristic of  the unconfined plasma condition
through these chamber co an.ponents, a. reliable
technique for  



detecting the occurrence of the plasma unconfnemaaent
state is thus realized. 100271 Generally speaking,
presence of return.RF current flows, that are
characteristic  of the unconfined plasma condition may
be detected using sensors located at pare-selection
sensor locations in the chamber. The location of the
sensor is selected to be one that provides  a
diseriminable variation in the sensor signal between
the plasma confinement state and the  plasma
uncon.fineniernt state. The variation in the sensor
signal is said to be "discriminable"  if the signal
processing; circuitry can discriminate from the sensor
signal whether the plasma  is in the confined state or
the unconfined state. (00281 One skilled in the art of
signal processing will readily appreciate that
detection  of states from a given sensor signal
depends on one or both of the sensor sensitivity and
the  capability oftlne signal processing circuitry.
Sensor sensitivity 1411111 generally depend on the
appropriate selection of the sensor and/or the
positioning of the sensor in the plasma  processing
clhamber. For example, a highly sensitive sensor may
not need to be positioned in  the most optimal
location to generate discriminable variations in the
sensor signal. As  another example, a less sensitive
sensor may still generate di:crianinable variations
ill the  sensor signal if the sensor location is well
selected to allow the sensor to znmake the most of its
6 WO 2008/002938 PCT/US2007/072158  sensing
capability. As yet another example, deficiencies in
the sensor capability and/or the  sensor location may
be remedied by intelligent signal processing
algorithms capable of  accurately ascertaining whether
the plasma is in the confined state or the unconfined
state  from Tess-than-opticTaal. sensor signal.
wcccrdit i it is tl it t.ctrticr cal th t.t ae.:t tors
herein  that although some sensors and sensor
locations are more preferable than others, specific
sensors and/or sensor locations depicted in the
examples herein are not limiting of the scope  of the
invention. 100291 In an embodiment, a pickup coil is
disposed in a non-contacting, proximate  relationship
with respect to a chamber component that -nor-mall
experiences very.- little or  substantially zero
return fop current flow in the confined state. It is
preferable (but not  absolutely required) that the
sensor location be outside of the .immediate volume
defined by  the DPCV and/or outside of the
line-of-sight of the DPCV in order to minimize  



contamination risks introduced by, the presence of the
sensor and/or to. maximize detection  sensitivity. The
chamber component selected for return RF current
measurement is, in an  embodiment, preferably disposed
along at least one of the alternative and/or
additional. return  RF current paths formed when the
plasma is unconfined, In the plasma unconfinentent
state,  the presence of the alternative and/or
additional current paths through this chamber
component will induce a voltage in the pick-up coil,
which induced voltage can then be  processed (after
appropriate transfor station, amplification and/or
filtering if desired) to detect  the plasma
unconfinement state. 100301 The features and
advantages of the invention may be better understood
with  reference to the figures and discussions that
follow. Fig. 2 is a representative and site plified
drawing of a capacitively coupled plasma processing
chamber to facilitate discussion of  embodiments of
the invention. It should be noted that embodiments of
the invention are not  limited to neither the specific
configuration. of the illustrated plasma processing
chamber nor  the specific plasma coupling technology
employed to generate/sustain the plasma (such as
capacitively-coupled, inductively-coupled, microwave,
etc.). 10031.1 With reference to .frig 2. there is
shown a plasma processing chamber 202  having a
designed plasma confinement volume (i)PCV) 204. in the
example of Fig. 2, the  DPCV is generally confined
within the volume defined by the upper electrode 206,
a set of  confinement rings 208, and the lower
electrode 210/edge ring 212 arrangement. The tipper  7
WO 2008/002938 PCT/US2007/072158  electrode,
confinement rings, Iower  lectrode, and edge ring
represent respective  commercially suitable components
currently available in the industry. 100321 In this
example, the upper electrode 206 is grounded while the
lower electrode  210 is coupled to o.rae or more RF
generators in. Ri ge.neraatirng system. 214. Rl
gge.neraating.  system 214 is configured to provide RE
signals having one or more RF frequencies to lower
electrode 210 to generate a plasma cloud 220 to
process (e.g., etch, strip, deposit, or the like)  a
wafer 222, which is shown disposed on lower electrode
210. 100331 In the confined state, most or
substantially all of the generated plasma is  confined
within the aforementioned DPCV. Other locations within
the chamber but outside  



the DPCV (marked by reference numbers 230, 232, 234,
236, or 238 for example) experience  very lcazt~ or
substantially zero plasma density when the plasma is
in the confined state. I.n the  confined state, the
return RF current follows established confined state
return RE current  paths, one of which exists at the
surface of the transmission line bore in the example
of l_`ig. 2  and .is shown by reference number 240.
Note that the exact current path is not the central
f=eature of the present invention since different
chamber designs may employ different  components
arid/or different component arrangements, resulting in
different confined state  return RF current paths. The
salient point is that there are established .refun RF
current paths  in the confined state. 1.00341 When the
plasma is unconfined: plasma exists outside of the
DPCV. The  unconfined plasma result in the creation of
additional or alternative return RE current paths
through which a portion of the ref rrn RF current now
follows. In some cases, the unconfined  state return
RF current paths traverses component parts that, in
the normal confined state,  experiences very little or
substantially no return RF current flow. 1.00351 A
sensor may then be employed to detect the change in
the return RF current  level through the affected
chamber part. In an embodiment, a pickup coil is
employed as the  sensor and is positioned
proxiaa-irate the chamber part where the unconfined
state return RF  current now flows. The higher return
RF current in the unconfined state induces a higher
voltage through the coil, By measuring the magnitude
of the inducted voltage in the coil, it is  possible
to employ the sensor Output to discriminate between
the confined state and the  unconfined state based on
value of the inducted, voltage provided by the sensing
coil. The  discrimination task. may be pert rrrrmmed
using, in an embodiment, a programmable computing
device or by appropriate dedicated circuitry. 8 WO
2008/002938 PCT/US2007/072158  100361 Sensor location
234 is cla.osen to be proximate chamber compona.enat
244. To  prevent chamber contamination and/or to
minimize plasm a-related damage to the sensor, the
sensor may be shielded from confined and/or unconfined
plasma (e,g., behind a chamber  structure or
anotherstructure provided for sensor shielding that
does not unduly? interfere with  the ability of the
sensor to sense the change in the return RT current
level between the  



confined state and the unconfined state). 100371
Furthermore, sensor location 234 is preferably
selected to be a location that  yields very low or
substantially no inducted voltage in the sensor coil
during the confined  state. On the other hand,
location 234 is also selected to be a location that
yields, in the  unconfined state, a discriminably
higher inducted voltage in the sensor coil. The
distinct  change in the inducted voltage levels
between the confined state and the u.ncont'ined state
may help improve the accuracy and/or reliability with
which the plasma .anconfinement state  is detected.
[0038.1 As mentioned, sensor location 234 is disposed
proximate (such as a.djacelat to  but in a
non-contacting relationship) a chamber part that
experiences a high .level of return lib'  current in
the unconfined state. For exan.ple, a sensor disposed
proximate to a chamber part  that serves as the focal
point for the return RF currents when the plasm a is
unconfined would  experience a higher inducted voltage
through its coil in the unconfined state, rendering
the  task of discriminating between confined state and
the unconfined state substantially simpler  and/or
more accurate. One skilled in the art would appreciate
that there may exist niany  candidate sensor locations
in a given plasma processing chamber, some or all of
which may  be employed. The exact location chosen
depends on the design of the specific plasma
processing chamber, the capability of the sensor, the
capability of the signal processing  circuitry and/or
algorithms, and the like. (00391 Fig. 3 shows, in
accordance with an embodiment of the present
invention, an  example universal plasma uncontnement
detection system 300 including a sensor 302 and a
sensor data processing arrangement 304. Sensor 302 n
k,,, represent are. inductive coil, a  capacitive
sensor, or an ion sensor. Sensor data processing
arrangement 304 includes  hardwired and/or
programmable circuitry to detect the unconfined state
.from the sensor  signal provided by sensor 302.
1'0040J Fig. 4 shows, i.n accordance with an
embodiment oftlie present invention, an  example
universal plasma uncontinement detection system 400
including a sensor/coil 140,21  9 WO 2008/002938
PCT/US2007/072158  and a sensor data processing
a.rra.nggemen - 404 cornprising a high frequency
transformer 406,  



a resistor 40$, and a tri ge sib ;l generator 420. The
voltage in coil 402 is transmitted to the  primary
coil of transformer 406 via a suitable conductor path,
such as a twisted pair of  conductors 422 of l ig. 4.
Referring to the example of Fig. I B, the current
pick.-up coil is  shown by reference number 174, and
the twisted pair is shown by reference number 172.
Also in Fib f , the magnetic field is depicted by
reference number 176. 100411 Returning now to Fig. 4,
the voltage across the secondary coil of transformer
406 is sensed across resistor 40$, in an
implementation, the lower electrode of the plasma
processing chamber is powered using three separate R.F
frequencies: 2M_Hz, 27 MHz, and 60 IHz. In this
exarrrple irnplerrertatio ,the inductance of sensor
coil 402 is selected to be  about 0. 03 r icro-l
lenrv, and resistor 408 is about 40 ohms. Trigger
signal generator 420 is  configured to detect the
unconfined state from the potential difference across
resistor 408,  which potential difference reflects the
value of the sensor signal front sensor 402. [00421
Fig. 5 shows, in accordance with an embodiment of the
invention, a plot of the  voltage in the sensor coil
as a function of the input. RF power for the confined
state (506) and  the unconfined state (508) for an
example installation. As can be seen in Fig. 5, the
difference between the voltage in the sensor coil in
the unconfined state (508a) and the  voltage in the
sensor coil in the confined state (506a) is
approximately 80 millivolts at 100  watts of bottom RF
power. The relative large, magnitude of the difference
in these two  voltages (508a and 506a) allows the
sensor signal processing arrangement. to reliably
detect  the unconfined state. It should be noted that
the difference is relatively unchanged as the  process
recipes vary. A.ccordingly., embodiment of the
invention are deemed by the  inventors to be universal
and do not require a prior knowledge of the process
recipe to detect  the unconfined state. 100431 With
reference to Fig. 5, the difference in die sensor coil
voltages  advantageously increases as the bottom RF
power level increases. Thus, at 300 watts of  bottom
RF power, the dif'ference between the voltage in the
sensor coil in the unconfined  state (508b) and the
voltage in the sensor coil in the confined state
(506b) is around 280  millivolts. At 500 watts of
power, the difference between the voltage in the
sensor coil in the  unconfined state (508c) and the
voltage in the sensor coil in the confined state
(506c) is  around 510 nt.illivolts. Accordingly,
embodiments ofthe invention are highly suited .for 



to WO 2008/002938 PCT/US2007/072158  detecting the
unconfined state in chambers that employ a high
process power recipe in order  to achieve anisotropic
etch profiles and high aspect ratio etches. 100441
Fig. 6 shows, in accordance with an embodiment of the
present invention, the  steps f:or sensing a plasma
unconfinement condition in a plasma processing
chamber. In step  602, a sensor is provided in the
chamber at a Iocation selected to enable the sensor to
provide  a sensor signal vith discriminable variation
between the plasma contined state and the plasma
unconfined sta. In step 604, a sensor data processing
arrangement is provided to  receive the sensor signal
and to generate, if a plasma unconinem.ent condition
exists in the  chamber, a data signal to signify that
the plasma is unconfined. 10045.1 As can be
appreciated from the foregoing, embodiments of the
invention  render it possible to rapidly and reliably
detect the plasma unconiineraaent state in a plasma
processing chamber without having to know in advance
the specific process conditions in the  chamber. T}re
detection result may then be employed as a trigger
signal to address the  plasma unconfinement problem,
including for example automatically triggering the
shutdown  of the plasma processing chamber to prevent
further damage to the chamber components.  100461
While this invention has been described in terms of
several embodiments,  there are alterations,
permutations, and equivalents, which fall within the
scope of this  invention. For example, while reference
is made to a capacitively--coupled plasma processing
chamber in the illustrations herein., embodiments of
the invention may also be practiced in  other types of
plasma processing char mbers, including for example
inductively- coupled  plasma processing chambers and
microwave-coupled plasma processing chambers. Further,
while the :illustrated example employs a pickup coil
to detect the increase in the return IM-'  current in
certain parts of the chamber in order to ascertain
whether the plasma  unconfnement state exists, other
types otsensors may also be employed. For example, a
capacitive sensor may w ell be employed, In an
embodiment, a capacitor may be mounted on  a via arm,
with one of two plates closely tied to ground (using
the via arm, for example). The  other capacitor plate
is exposed in a space that is outside of the designed
plasma confinement  volume (DlPCV) but is known to
sustain plasma in the unconfined state. .A
hifg:h-impedance  



resistor may be provided to avoid charge-up in the
confined state. Once u:ncorat .nement  occurs, the
plasma provides charge on the exposed plate, thereby
changing the voltage across  the capacitor. This
change in voltage across the capacitor plates rala '
then be detected by all  external. detection circuit
which is connected to the capacitor plates. As an
alternative, an ion II WO 2008/002938
PCT/US2007/072158  density detector may also be
employed to detect the increased presence of plasma in
Certain  parts ofth.e chamber dur.irng the plasma
u.n.confgnement state. ll should also be noted that
there are man alternative ways of implementing the
methods and apparatuses of the present  invention . 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
invention WO 2008/002938 PCT/US2007/072158  CLAIMS
What is claimed is, I . A .method for detecting a
plasma unconfirienment condition in a plasma
processing chamber, said plasma unconfinement
condition being characterized by the  presence of
plasma in excess of a pre-defined specification
outside of a designed plasma  confinement volume
within said plasma processing chamber, comprising:
providing a sensor in a selected position within said
chamber, said selected position  being proximate a
plasma processing chamber component that is configured
to conduct a first  level of a return lam' current
during plasma processing if said plasma is confined
within said  pre-defined specification within said
designed plasma confinement volume and a :second
level of said return RF current during said plasma
processing if said plasma is in excess of  said
pre-defined specification outside said designed plasma
confinement volume during said  plasma processing,
wherein said sensor and said selected position are
conf%ygured to provide  an electrical parameter having
d.iscriminable variation between a first state and a
second state,  said first state being characteristic
of said first level of said return Rl~~ current, said
second  state being character .stir of said second
level of said return RF curt-ent; and providing a
sensor data processing arrangement that is coupled to
said sensor, said  



sensor data processing arrangement being configured to
provide. responsive to said electrical.  parameter, a
data signal sign.i.fying whether said plasma
processing chamber is experiencing  said plasma
unconfinement condition. 2. The method of claim l
wherein said selected position is non-contacting with
respect  to said plasma processing chamber component.
The method of claim 2 wherein said selected position
is adjacent to said plasma  processing chamber
component.. 4. The method of claim l wherein said
sensor is a Curren t-se:r sing coil. 6. The method of
claim. 1. wherein said sensor data arrangement further
includes  l ; WO 2008/002938 PCT/US2007/072158
circuitry configured to igenera:te a discriminabie
potential difference from said,  electrical parameter,
and software-controlled signal generator for
generating said data signal from said potential
difference. 7, The method of claim 6 wherein said
circuitry includes at least one of a transformer  and
a resistor. 8. The method of claim 7 wherein said
sensor and said selected position are chosen such
that said first level of return RF current is lower
than said second level of return Tip current.  9.  he
method of claim 7 wherein said selected position
represents a position that is not  direct
line-of-sight with respect to said designed plasm
confinement volume. 1.0. The method of claim l wherein
said plasma processing chamber represents a
capacitively coupled plasma processing chamber. 11.
The method of claim 1. wherein said plasma processing
chamber represents an  inductively coupled plasma
processing chamber. 11 The method of claim t wherein
said plasma processing chamber represents a chamber
that employs microwave energy to generate a plasma
therein. 13. A plasma processing. system including a
plasma. processing chamber and an  apparatus for
detecting a plasma unconfinement condition in said
plasma processing  chamber, said plasma unconfinenient
condition being characterized by the presence of
plasma  



in excess of a pre-defined specification outside of a
designed plasma confinement volume  within said plasma
processing chamber, comprising: a sensor disposed in a
selected position within said chamber., said selected
position  being proximate a plasma processing chamber
component that is configured to conduct a first  level
of a return RF current during plasma processing if
said plasma is conf ned vita in said  pre-defined
specification within said designed plasma confinement
volume and a second 14 WO 2008/002938
PCT/US2007/072158  level of said return RF current
during said pla.sm.a processing if said plasma is in
excess of  said pr-e-defined spec.ificatiorn outside
said designed plasma confinement volume during sai
plasma processing, wherein said sensor and said
selected position are configured to provide  an
electncai parameter having discriminable variation
between a first state and a second state,  said first
state being characteristic of said first level of said
return RF current, said second  state being
characteristic of said second level of said, return F
current: and a sensor data processing arrangement
coupled to said sensor, said sensor data  processing
arrangement being configured to provide, responsive to
said electrical parameter,  a data signal signifying
whether said plasma processing chamber is experiencing
said plasma  uncontinement condition. 14. '17 he
plasma processing system of claim 13 wherein said
selected position is non- contacting with respect to
said plasma processing chamber component. 1.5. The
plasma processing s 'stern of claim 14 wherein said
selected position is adjacent  to said plasma
processing chamber component. I 6. The plasma
processing system of claim 13 wherein said sensor is a
current-sensing  coil. IT The plasma. processing
system of claim 13 wherein said sensor data
arrangement  further includes circuitry configured to
generate a discriminable potential difTerence from
said  electrical parameter, and soffiw>are-controlled
signal generator for generating said data signal from
said potential  difference. 



18. The plasma processing system of claim 17 wherein
said circuitry includes at least one  of a transformer
and a. resistor. is WO 2008/002938 PCT/US2007/072158
19. The plasma processing system of claim 18 wherein
said sensor and said selected  position are chosen
such that said first level of return 'U current is
lower than said second  level of return RF current.
20, The plasma processing system of claim 1S wherein
said selected position represents a  position that is
not direct line-of=sight with respect to said designed
plasma confinement vol tern e. 21. The plasma
processing system of claims 1> wherein said plasma
processing chamber  represents a capacitively coupled
plasma processing chamber. 22, I he plasma processing
system of claim 13 wherein sai d plasma processing
chamber  represents an inductively coupled plasma
processing chamber. 2 The plasma processing system of
claims 13 wherein said plasma processing chamber
represents a chamber that employs microwave energy to
4generate a plasma therein. 16 


