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(57) Abstract: An arrangement within a plasma reactor for detecting a plasma unconfinement event is provided. The arrangement
& includes a sensor, which is a capacitive-based sensor implemented within the plasma reactor. The sensor is implemented outside of
& a plasma confinement region and is configured to produce a transient current when the sensor is exposed to plasma associated with
the plasma unconfinement event. The sensor has at least one electrically insulative layer oriented toward the plasma associated with
the plasma unconfined event. The arrangement also includes a detection circuit, which is electrically connected to the sensor for
converting the transient current into a transient voltage signal and for processing the transient voltage signal to ascertain whether the

plasma unconfinement event exists.
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PLASMA UNCONFINEMENT SENSOR AND METHODS THEREOF
BACKGROUND OF THE INVENTION

{0001} Plasma processing systems have long been emploved to process substrates
{such as semiconductor wafers) to produce mtegrated circuits. Plasmas may be generated via
many different methods, such as electron-cyclotron-resonance plasmas (ECR), inductively-
coupled plasmas (ICP), or capacitive coupled plasmas (CCP). In many cases, confining the
plasma to a specific region within the processing chamber, such as within the region divectly
above the substrate being processed, may provide certain advantages.
{0002} To facilitate discussion, Fig. 1 shows an example of a low-pressure plasma
reactor 100 during which plasma s confined during processing. Consider the situation
wherein, for example, a substrate 124 15 placed on an electrode 110, which is mounted to a
pedestal 120 that is connected to a chamber 102, Electrode 110 15 connected to a remote
power supply 114, such as a radio frequency (RF) power generator, through the interior of
pedestal 120, A processing gas 150, which may be a mixture of chemicals, may be
mtroduced into chamber 102 through an inlet 104 when the pressure in chamber 102, which
may be lowered by a pump {not shown), has reached a desirable level. To process substrate
124, clectrode 110 may capacitively couple the power from power supply 114 with
processing gas 130 to form a plasma 106, Usually, plasma 106 is contained within a desired
region of chamber 102 by a set of confinement rings 108, During substrate processing, gases
from plasma 106, which may include a mixtare of chemical components from processing gas
150, chemical components formed by reactions within plasma 106, and chemical byproducts

gy 108 and a non-

pos

from the processing of substrate 124, may flow through confinement rin
plasma chamber volume 128 before bemng removed from chamber 102 through an outlet 126,
This route is illustrated by a path 136 and nsually causes the mterior of chamber 102 to be
exposed 1o highly reactive gases even when plasma 106 is contained.

{0003} However, during processing of substrate 124, plasma 106 mav unexpectedly
or uncontroliably migrate out of the desired region within chamber 102, In other words, an
unconfined plasma 138 may form m a region of chamber 102 that 1s outside of confinement
rings 108, The formation of unconfined plasma 138 13 undesirable because wncontfined
plasma 138 may alter the quality of processing plasma 106 a way that may cause at least
one of the following to occur: signiticantly degrade the perforniance on substrate 124,
damage chamber 102, and damage pedestal 120. For example, substrate 124 mav becoms

damaged due to a change in an eich or deposition rate and/or may be damaged by being
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contaminated with particulate defects or elemental contamination generated by unconfined
plasma 138, Processing chamber 102 andfor pedestal 120 may be physically damaged by, for
example, erosion or corrosion of chamber materials as a result of exposure to unconfined
plasma 138, In addition, components of processing chamber 102 mav expenience electrical
damage because unconfined plasma 138 may change the path by which plasma power is
returned to ground through the chamber. In an example, the plasma power from power
supply 114 may return to grownd through chamber components which may not be designed to
carry plasma power.

[0004] As can be appreciated from the foregoing, plasma unconfinement events may
be caused by many different factors. For example, a plasma may become unconfined if the
plasma becomes unstable. In another example, a plasma unconfinement event may occur if
electrical arcing occurs within the processing chamber. In yet another examgple, a plasma
mav become unconfined if processing parameters, such as plasma power, plasma
composition, gas supply Hows, eperating pressure, and the like, fluctuate.

[8005] Also, the occurrence of the plasma unconfinement events may be sporadic and
may tend to be unpredictable. One reason for the unpredictability is that the unconfined
plasma may have different forms. In addition, the specific effects that a plasma
anconfinement event may have on substrate processing generally cannot be anticipated due to
the variable and nnpredictable form exhibited by unconfined plasma. For example, an
unconfined plasma may have low density or high density. In another example, the space
occupied by the unconfined plasma may be large or smail. In yet another example, an
unconfined plasma may be a stable plasma or may be a fluctuating, sporadic plasma. Even
the location of the uncontined plasma within the reactor may change during processing.
{0006] Various methods have been eniploved to detect plasma unconfinement events,
One method includes wtihizing an electrostatic probe that usually has multiple electrodes, such
as a Vi probe or a Langnuir probe to detect a plasma unconfinement event. In an example, a
Langmuir-style probes, which may be unprotected electrodes (usually made from metal), may
be exposed to the chamber environment. Since the Langmuir-style probe are typically
electrically biased such that when the probe is exposed to plasma g direct current (DC) can
flow from the plasma to the electrode. For example, a Langmuir-style probe 122 is
positioned within the plasma environment that is outside of the desired plasma confinement
region. By employing a carrent detector 148, DC cuwrrent changes on Langmuir-style probe
122 via a power supply 118 may be detected. Also, a DC power supply {not shown) may be

employed to bias the probe.
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{007 However, the operational requirements of Langnwir-style probes (i.e. that the
clectrodes are unprotected and that a DC electrical contact with the plasma exist) limit the
utility of the Langmuir-style probes in detecting plasma unconfinement events. Also, due t©o
the unpredictable nature of the plasma unconfinement events, the Langmuir-style probes may
have to be operating continuously while the substrate is being processed in order to be
effective. However, continuous usage may result in exposing the unprotected electrodes of
the Langmuir-styie probes to the mixture of chemical species that ts nsually present in the
reactor chamber during plasma processing. The mixture of chemical species, which includes
chemicals supplied tor processing of the substrate, new chemical species generated within the
processing plasma, and chemical byproducts formed during the processing of the substrate,
typically includes both corrosive components and depositing components that may
detrimentally affect the ability of Langmuir-style probes to function properly. In an example,
corrosive components {e.g. chlorine, flyorine, and bromine, ete.) may cause the electrodes to
corrade, thereby causing the Langmuir-stvle probe to not function properly, such as failmg to
timely andfor accurately detect a plasma unconfinement event. In addition, corroded
clectrodes may become a source of particulate defects and/or metallic contamination that may
indirectly damage the substrate being processed. In another example, the depositing
components of the muxture {e.g. iorgamic Si0Ox-based byproducts and organmic CFx-based
polymerizers) may result in the formation of an electrically-insulating film on the electrodes
of the probe; thus, the film may tnterfere with the required plasma-electrode DC contact,
thereby preventing the probe from accurately andfor timely sensing the presence of a plasma.
As can be appreciated from the foregoing, the Langmuir-style probes may not be ideal in
detecting plasma unconfinement events.

{0008] Another method that has been employed is to identify the changes in the bias
voltage of a substrate during processing to detect plasma unconfinement events. With
reference to Fig. 1, a bias voltage on substrate 124 may be produced when power provided by
power supply 114 interact with plasma 106 within reactor 100, Typically a sensor 140 may
be installed (e.g. n electrode 110) to allow direct measurement of the bias voltage on
substrate 124 during processing and a bias voltage detector 144 may be emploved to compare
the bias voltage against a threshold. Thus, when the characteristic of plasma 106 is altered
due to unconfined plasma 138, sensor 140 mayv be emploved to measure the bias voltage and
bias voltage detector 144 may be emploved to detect the changes tn the bias voltage.

[0009] Additionally or alternatively, a change in the bias voltage may be indirectly
detected by measuring changes in parameters which are refated to the substrate bias voltage.
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For example, when the substrate bias voltage changes because of unconfined plasma 138, the
power supphied by power supply 114 to electrode 110 to maintain plasma 106 may also
change. Therefore, monitoring the power supplied to plasma 106 with a RF power detector
142 may allow detection of plasma unconfinement events.

{0016 However, the utility of monitoring bias voltage to detect plasima
unconfinement events is limited by the difficulty in detecting changes in the bias voltage
caused by plasma unconfinement events. Detecting changes in bias voltage is particuladdy
difficult when higher frequency generators {such as 60 MHz} are utilized to generate a
plasma. Bias voltage generated by higher frequency generators are small and since a plasma
unconfinement event usually occur at fower power levels, differentiating the plasma
unconfinement event from the changes in the DC bias signal may be difficult or impossible to
detect. Therefore the utility of this technigue is mited becaunse of the inability to rehably
detect plasma unconfinement events.

{0011} In vet another prior art approach, an optical sensor may be used to detect
plasma unconfinerment events. Those skilled in the art are aware that plasma generally emits
hight. Thus, an optical sensor may be employed to detect the Hght emitted from an
unconfined plasma. In an example, with reference to Fig. 1, an optical sensor 132 may be
installed adjacent to a ransparent window 130 with a line-of-sight into an area of chamber
102 i which monitoring is desired {denoted here as a passage 134). Thus, when plasma 106
becomes unconfined plasma 13§, light from unconfined plasma 138 may enter passage 134
and may pass through window 130 to be detected by optical sensor 132, Upon detecting the
light, optical sensor 132 may send a signal to an optical signal detector 146, If the signal is
above a pre-defined threshold, optical signal detection 146 may provide an alert indicating
that unconfined plasma 138 has been detected.

[6012] However, emploving the optical sensors to detect plasma unconfimement
events may be limited because detecting the light emitted from unconfined plasma 138 may
be difficult because the hight emitted by anconfined plasma 138 is significantdy dimmer than
the Light emitted from processing plasma 106. In addition, the positioning of optical sensor
132 outside of chamber 102 may make “seeing™ the light difficult through transparent
window 130 since the reactive chemicals may cause transparent window 130 to be less than
transparent. In other words, the reactive chemicals mayv cause a faver of films to be deposited
on transparent window 130, thereby significantly reducing the amoant andfor quality of hight
that be detected by optical sensor 132, Furthermore, the utility of optical sensors is
dependent upon having viewing access into the processing environment. However, placing
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windows andfor viewing passages in all locations that may have to be monitored may not
atways be feasible.
j0013] Although various methods have been implemented, each of the methods does
not provide a dependable and comprehensive solation for detecting plasma unconfinement
events. In an example, the Langmuu-style probe s susceptible to corrosion, which may
negatively impact the probe effectiveness in identifving plasma unconfinement events. In
another example, depending vpon identifying changes in the bias voltage to determine plasma
unconfinement event may be dependent upon differentiating the changes in DC bias signal
from a plasma wncontinement event. The ability to differentiate the two may be difficult
when the DC bias signal is being generated by a higher frequency generator (such as 60 MHz)
while the unconfined plasma is occurring at a lower power level. In vet another example,
utilizing optical sensors to detect light emutted from unconfined plasma is limited by the
availability of viewable passage and/or the inability to detect the light due to the obstruction
that may cause the viewable passage “unviewable™
[6014] The nvention relates, in an embodiment, {0 an arrangement within a plasma
reactor for detecting a plasma unconfinement event. The arrangement includes a sensor,
which is a capacitive-based sensor implemented within the plasma reactor. The sensor is
mmplemented outside of a plasma confinement region and is configured to produce a transient
cwrrent when the sensor 1s exposed to plasma associated with the plasma unconfinement
event. The sensor has at least one electrically insulative layer oriented toward the plasma
associated with the plasma unconfined event. The arrangement also includes a detection
circuit, which is electrically connected to the sensor for converting the transient cwrent into a
transient voltage signal and for processing the transient voltage signal to ascertain whether
the plasma uncontinement event exists.
j0015] The above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which is set
forth in the claims herein. These and other features of the present invention will be described
m more detail below in the detailed description of the invention and in conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The present invention 1s tHlustrated by way of example, and not by way of
Linsitation, in the figures of the accompanying drawings and m which like reference numerals

refer o similar elements and in which:

A



WO 2009/076568 PCT/US2008/086495

{0017 Fig. 1 shows an example of a prior art plasma processing chamber in which
the plasma s confined during processing, and iHlustrates current strategies for detecting
plasma unconfinement events.
00 18] Fig. 2 shows, in accordance with an embodiment of the present invention, a
simple schematic of a plasina reactor during plasma processing.
[6019] Fig. 3A shows, in an embodiment of the invention, an implementation of
capacitive-hased sensor.
{0026 Fig. 3B shows, in an embodiment of the invention, an example of a
rectangular capacitive-based sensor.
[6621] Fig. 3C shows, in an embodiment of the invention, an example of a cross-
section of a sensor with two electrically insulative outer layers.
{0022} Figs. 4A and 4B are schematic views of embodiments of plasma detection
CIICUMS.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[8023] The present invention will now be described i detail with reference to a few
preferved embodiments thereof as Wustrated in the accompanying drawings. In the following
description, aumerous specific details are set forth in order to provide a thorough
anderstanding of the present mvention, It will be apparent, however, to one skilted 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 mvention.
j0024] Various embodiments are described hereinbelow, including methods and
techniques. 1t should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
mstructions tor carrying out embodiments of the inventive techmique are stoved. The
computer readable meduun 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 embodiments of the
mvention, Such apparatus may include circuits, dedicated and/or programmable, 1o carry out
tasks pertaining to embodiments of the mvention. Examples of such apparatus include a
general-purpose computer andfor a dedicated computing 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.
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{0025 In accordance with embodiments of the invention, a plasma unconfinement
sensor, such as a capacitive-based sensor, is provided for detecting plasma unconfinement
events within a plasma processing system. Embodiments of the invention include a sensor
that is insensitive to corrosion and deposits that typify a plasma processing enviromment.
Embodmments of the invention also include the sensor to be attached to a detection circuit,
which is configured at least to make a determination of an unconfinement event within the
plasma processing system.

[0026] In an embodiment, the sensor may include an electrically conductive substrate
protected by one or more electrically msulative layers, in an embodiment. When the sensor is
exposed to an uncontinement event, the transient current that 1s developed across the
efectrically insulative layers may flow through the sensor to a circuit converter. The circuit
converter is configured, in an embodiment, to transiate the transient current into a transient
voltage signal. The transient voltage signal may be sent throngh a low pass filter circuits to
mnprove the signal-to-noise characteristics, such as to remove the high~-frequency components
from the transient voltage signal, Additionally or altematively, the transient voltage signal
may be sent through a set of resonance filters (such as LC {ilters), which is configured to at
least remove additional frequencies. Once the transient voliage signal has been conditioned,
the signal may be compared to a pre-defined threshold to determine the existence of a plasma
unconfinement event.

{0027} As can be appreciated from the foregoing, since the sensor is configured to be
insensitive to corrosion or deposition that may occur during plasma processing, the sensor
can be continuously operating during plasma processing, thereby improving the likelihood
and timeliness of uncoupled plasma event detection. Further, the detection circuit enables the
transient current sensed by the sensor to be translated into a clear and robust signal that can
be emploved to determine the existence of a plasma unconfinement event.

j0028] The features and advantages of the present invention may be better understood
with reference to the figures and discussions that follow.

[0029] Fig. 2 shows, in accordance with an embodiment of the present invention, a
simple schematic of a plasma reactor 200 during plasma processing. Plasma reactor 200 may
include an electrode 210 (e.g., capacitive-based sensor), which is configured to be positioned
within a region in which detection of plasma unconfinement events is desired. In other words,
the regron may be outside of a plasma confinement region 214, In an example, electrode 210
may be mounted it a manner that enables the outer surface of electrode 210 to be exposed to
unconfined plasma, such as uncontined plasma 212,

7
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{0038] Due to the inherent characteristic of plasma, surfaces exposed to a plasma may
develop an electrical charge as a result of the difference n velocity of the highter plasma
components (e.g. electrons) interacting with the heavier plasma components (e.g. molecular
ions). Thus, when electrode 210 is exposed to unconfined plasma 212, the outer surface of
electrode 210 may undergo a charging process. The outer electrode 218 surface may charge
negatively or positively, depending on the particolar characteristics of unconfined plasma 212,
Usually, the charging process is a transient process since the charging process nsually occurs
until the outer surface of electrode 210 has achieved an amount of charge which is at
equilibriwn with unconfined plasma 212,

j0031] In an embodiment, while the transient charging process of the outer surface of
electrode 210 is occurring, a transient charge with a charge that is opposite of the outer
surface transient charge may be induced within electrode 210, In order to tumely identify the
existence of ynconfined plasma, the transient current induced by the transient charge is
converted into a transient voltage signal by a conversion circurt 222, Since the transient
voltage signal may include by noise, a low-pass filter 224 may be utilized to remove the noise.
In an example, low-pass filter 224 may be employed to remove bigh frequency components
{e.g., high-frequency noise) thereby improving the transient voltage signal. To transform the
transient voltage signal into a conditioned signal, n an embodiment, a set of resonance LC
filter 226 mayv be emploved to block specific frequencies, such as those typically nsed to
generate plasma. The conditioned signal may then be forwarded to a threshold detector 228,
which may be configured to compare the conditioned signal against a pre-defined threshold.
If the conditioned signal is above the pre-defined threshold, threshold detector 228 may
generate an alert indicating that unconfined plasma has been detected, thereby enabling
appropriate action to be taken (e.g., the plasma may be turned off and processing of the
substrate stopped).

0032} Fig. 3A shows, in an embodiment of the invention, an implementation of a
capacitive-based sensor. As mentioned in Fig. 2, a capacitive~-based sensor 302 may be
physically mounted on a chamber wall 318 of a plasma reactor.  1n an embodiment,
capacitive-based sensor 302 mayv include at least two components: an electrically insulative
outer layer 308 and an electrically conducting substrate 304, In an embodiment, capacitive-
based sensor 302 is electrically isolated from the mounting surface via an insulator 316
When a transient charge 1s generated dae to an unconfined plasma, the transient current may
be sent along to a conducting contact 314, which is coupled to electnically conducting
substrate 304 via an electrical contact 306. The transient charge may be sent to a detection

8
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circuit {not shown} via a wire 310, which may be secured to conducting contact 314 via a
clanip 312

0033} Electrically conducting substrate 304 may be made from a variety of materials.
In an embodiment, electrically conductive substrate 304 may be made from electrically
conducting material, such as a metal {e.g. Al Cu, Ag, Ay, Fe-based, etc}ora
combination/alloy of metals. Electrically conductive substrate 304, in an embodiment, may
also be made from a semiconducting material, such as highly-doped silicon, for example. In
an embodiment, electrically conductive substrate 304 may be made from a conductive
ceramic material (e.g. silicon carbide) or a combination of conductive ceramics. Additionally
or alternatively, electrically conductive substrate 304 may be made from either a conductive
polymer or a non-conductive polymer, in an embodiment. In an example, the conductive
polymer may wiclude but are not Hunited to an organic polymer containing electrically
conductive “fillers”, an organic polyaniline-based polymer, and a mixture of a polyanyline-
based polymer. In vet another embodiment, electrically conductive substrate 304 may be
made from an elecirically conductive inorganic polymer, such as conductive silicone, for
example. As can be appreciated from the foregoing, electrically conductive substrate 304
may be made from a combination of any or all of the above electrically conductive materials.
[0034] In an embodiment, electrically insulative outer fayer 308 may be made from
an electrically-insulative material, such as a form of S102 (e.g. quartz or glass), a ceramic
{e.g. AI203), a commercial polymer (e.g. PTFE, polyimide, silicone, ¢tc.), a polymer that s a
byproduct of the plasma process {e.g. a CFx-based polymer}, or a combination of any or all
of the above. Electrically insulative outer laver 308 may be made of an electrically-insulating
material that may be compatible with the mixture of chemicals and plasma that may be
typically used within the plasma reactor, in gn embodiment. In an example, anodized
aluminam is & common component that may be found within a plasma etch reactor (such as
that ilustrated m Fig. 1) since anodized aluminum is relatively mert to the chemicals
typically used for sebstrate processing. Therefore, electrically insulative owter layer 308
made from electrically-insulating materials, such as anodized alominum, that are compatible
with the chemicals ntilized during plasma processing may make the sensor protected by the
electrically insulative outer laver (308} insensitive to the plasma environment and prevent the
electrically insulative outer layer from becoming a source of metal or particulate defects.
[0035] In another embodiment, electrically insulative outer layer 308 may be grown
from electrically conductive substrate 304. In an example, anodized aluminum that may
characterize electrically outer laver 308 mav be grown from an alominom substrate. In

9
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another example, electrically insulative outer layer 308 may be grown from the film
deposited on electrically conductive substrate 304, The filnt may be deposited by a plurabity
of common deposition technigues, including chemical vapor deposition, plasma enhanced
chemical vapor deposition, sputtering, and the like. In vet another example, electrically
msulative outer layer 308 may be applied onto electrically conductive substrate 304 by a
plurality of common application techniques, such as thermal spraving, sintering, thenmal
bonding, and the like.

j0036] The thickness of electrically insulative outer layer 308 may vary depending
apon the type of wnsulative matevial. Inan embodiment, the thickness of electrically
msulative outer layer 308 has to be sufficiently thick to electrically insulate electrically
conductive substrate 304 while still enabling an appropriate capacitance to be generated when
capacitive-based sensor 302 is exposed to a plasma in order to create a measwable voltage
that is detectable in the detection circuit. In one embodiment, the thickness of the film may
range from 10 to 100 nucrometers.

{8037} As can be appreciated from the foregoing, the number of electrically insulative
outer laver that may be applied to electrically conductive sobstrate 304 may vary as long as
the set of electrically insulative outer lavers electnically isolate electrically conductive
substrate 304 from the sensor’s {302) outer surface 324, which is exposed to the unconfined
plasma. To illustrate, Fig. 3C shows, in an embodiment of the invention, an example of a
cross-section of a capacttive-based sensor 302 with two electrically wsulative outer layers,
320 and 322, In an example, electrically msulative outer fayer 322 may be applied onto
electrically insulative outer layer 320 as part of the fabrication of capacitive-based sensor 302
In this example, electrically insulative outer fayer 320 may becowe an “mntermediate glue
fayer” to improve the adhesion of electrically msulative outer layer 322 onto electnically
conductive substrate 304, 1n another example, electrically insulative outer layer 320 may
have a coefficient of thermal expanston which is in-between electrically msulative outer layer
322 and electrically conductive substrate 304, The thermal expansion coefficient may enable
capacitive-based sensor 302 to be more resistant to cracking or flaking due to the effects of
thermal cyeling.
j0038] In a third example, electrically insulative outer layer 322 may represent a layer
of deposition that has formed on an electrically insulative outer layer 320 due to exposure 1o
reactive gases that are present in the processing chamber while the substrate is being
processed. Because capacitive-based sensor 302 may operate like a capacitor, capacitive-
based sensor 302 may be msensitive to the formation of an additional layer on the sarface of

10
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the sensor. According, unlike Langnuir-type probes, the fonmation of an electrically
msulative outer laver does not eliminate the ability of the sensor 1o detect unconfined plasmas.
0039 Referring back to Fig. 3A the specific combination of insufator 316,
conductor contact 314, and clamp 312 may be custom-made for a particular apphication, or
may be replaced by any number of commercial vacuum feed-through devices.

[0040] Additionally, capacitive-based sensor 302 may be mounted to the chamber in
many different ways. In an embodiment, capacitive-based sensor 302 may be mounted
within close proximity to chamber wall 318, as shown in Fig. 3A. In another embodiment,
capacitive-based sensor 302 may be flush with chamber wall 318, In vet another
embodiment, capacitive-based sensor 302 may be mounted away {such as on the end of a rod
or a pedestal) from chamber wall 318,

{0041} o an embodiment, capacitive-based sensor 302 may be of different
geometrical shape, As can be appreciated from the foregoing, the shape of capacitive-based
sensor 302 may be based on a manufacturer’s preference or may be dependent upon
mounting location. In an embodiment, as shown in Fig. 3B, capacitive-based sensor 302 may
be a rectangular “batton”, with x and v dimensions of around one inch and a thickness  of
0.057. In another embodiment, capacitive-based sensor 302 may be annular in shape, such
as a ring, to account for the other components within the environment, sach as a circolar
pedestal or a cirenlar chamber. Usually, the sensitivity is proportional to the surface area of
the probe m contact with the unconfined plasma (which may not occupy the whole exterior
volume). Accordingly, a larger probe may provide a larger signal, but may also capture more
noise. Furthermore, a very large probe mav risk perturbing the normal plasma process, for
example by changing the RF cuwrrent return path. Thus. the shape and size of the sensor may
depend upon a manufacturer’s preference given the criteria discussed above,

{00421 As aforementioned, once the transient current has been generated, the transient
current may be sent to a detection circuit to determine the existence of an unconfined plasma.
The next few figures (Figs. 4A and 4B) are examples of the flow of the transient circuit to the
detection circuit,

[0043] Fig. 4A shows, in an embodiment of the invention, an example electrical
model of both a capacitive-based sensor and a detection circuit. A box 402 shows an
example circuit model for a capacitive-based sensor.  The outer surface of the capacitive-
based sensor (the surface which 1s exposed to a plasma) is represented by a plate 404,
Capacitors 406 and 408 each represents electrically msulative outer layers which may be
present on the electrically conductive substrate of the capacitive-based sensor. As can be
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appreciated from the foregoing, additional fayers on the electrically conductive substrate may
be shown as additional capacitances 1n the electrical model (and vice versa). In an
embodiment, the capacitance of the set of electrically insulative onter lavers on the
electrically conductive substrate is the dominant capacitance. In other words, the additional
capacitance due to the formation of lavers of plasma deposition products may be large
relative to the capacitance of the outer layers of the detector, since the smallest capacitors in a
series is the dominant one. Usually, a typical capacitance value of the film may be about 0.1
nF per square centimeter of the surface arsa.

[0044] Boxes 410, 420, and 430 show an example circait model for a detection circuit,
Box 410 shows an example of a model for a current-to-voltage converter (i.e., circuit
converter). The current-to-voltage converter is configured to convert the transient current
generated from an electrical charge due to exposure of the plate 404 to a plasma. Inan
example, the transient current that develop across capacitors 406 and 408 due to the exposure
to the plasma may flow to an electrical ground 416 via a resistor 414, thereby converting the
transient current into 1o a transient voltage signal, which may be read at point 412, In an
embodiment, resistor 414 may bave a value of between 1 - 100 kohms.

j0045] The transient voltage signal generated at pomnt 412 may then be conditioned to
tmprove signal-to-noise characteristics. In an embodiment, the transient voltage signal may
pass throngh a fow pass filter circuit, such as the example circuit shown in box 420. Inan
embodiment, low pass filter 420 may include, but are not Iinnited to a resistor 422 connected
to a capacitor 424, which 1s connected to a ground 426. The combination of elements 422
and 424 serve to remove high-frequency components from the transient voltage signal. In an
embaodiment, resistor 422 may have a value of 100 ohms and capacitor 424 may have a value
of about 100 nF,

[0046] The signal to noise characteristics of the transient voltage signal may be
further improved by passing the transient voltage signal through a set of resonance LC filters,
such as the two examples presented i Box 430, m an embodiment. The first LC filter may
mclode an inductor 432 in parallet with a capacitor 434, Similarly, the second LC filter may
mclude an inductor 436 in paraliel to a capacitor 438, With the set of resonance LC filters,
the transient voltage signal may be mnproved by removing selectively blocking known andfor
expected frequencies. For example, if a process plasma is powered by two separate RF
generators that operate at different frequencies (e.g., 13.56 MHz and 28 MHz}, the transient
voltage signal generated from a capacitive-based sensor exposed to a plasma may include
both frequencies. Since the magniude of these frequencies may interfere with the detection
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of the transient voltage signal, the set of resonance LC filters may be emploved to block the
frequencies. In an example, mductor 432 in parallel with capacitor 434 may block the 13.56
MHz component and inductor 436 in parallel with capacitor 438 may block the 28 MHz
component. Typically, the type of frequencies {e.g., 2, 27 and 60 MHz) that may be
commonly utilized may be the types of frequencies that may be blocked. However, the set of
resonance LC filters are not limited to blocking just the aforementioned freguencies and may
block a range of frequencies {e.g., 300 kHx to 200 MHz). As can be appreciated from the
foregoing, the type of frequencies that may be blocked may depend upon the user’s
preference.

[0047] Once the transient voltage signal has been filtered, a conditioned signal may
be generated at a point 440. In an embodiment, the conditioned signal (i.e., the output from
resonance L.C filter box 430} may be sent to a threshold detector {not shown). The threshold
detector may compare the conditioned signal to a pre-determined threshold to determine if a
plasma unconfinement event has occwred.

[0048] Alternatively, the detection circuit may be implemented as shown in Fig. 4B.
The detection circuit as shown in Fig. 4B is similar to the detection circuit of Fig. 4A except
for an additional capacitor 418. In an embodiment, capacitor 418 may be implemented
within the current-to-voltage converter of box 410, Since capacitive-based sensor i box 402
may sometime experience short-circult, capacitor 418 may provide some protection for the
downstream components of the detection cireut (Le. boxes 420, 430, threshold detector, etc.)
from being damaged. In an embodument, capacitor 418 may have a value of 100 nF. Inan
example, if the set of outer layers of the capacitive-based sensor become damaged such that
the electrically msulative characteristic of the capacitive-based sensor is compromise, model
capacitors 406 and 408 in box 402 are replaced by g direct electrical connection between the
capacitive-based sensor (i.e. plate 404} and the detection circuit components, which are
connected to point 412 m box 410, the detection circuit may also be shornt-circuited and be
damaged. However, with capacitor 418, a direct connection between the plasma and the
detection components may be prevented, thereby preventing the detection cirewit from being
damaged. In addition, even if capacitor 418 becomes exposed to the unconfined plasma due
to the short-circuit situation, the transient voltage signal generated is detectably different
from the transient voltage signal that is associated with a non-short-circuited sensor. Asa
result, the threshold detector is able to dufferentiate between the two types of transient voltage
signal and may even be able to make a determination that the capacitive-based sensor has

been damaged.
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{0049] As can be appreciated from the forgoing, one or more embodiments of the
present invention provide for a plasma unconfinement sensor for detecting unconfined
plasma. By having a set of electrically insulative outer lavers protecting the conduction
substrate of the plasma unconfinement sensor, the plasma unconfinement sensor is protected
from the plasma environment, thereby enabling the plasma unconfinement sensor to perform
without experiencing performance degradation due to corrosion to critical sensor components
and/or deposition of electrically msulating films on the conducting substrate of the sensor.
With a detection circult capable of filtering out extranecus noise from the voltage signal, the
voltage sigual may be of higher quahity; thus, providing the threshold detector with a clear
signal from which a plasma unconfinement event may be determined.

[0056] While this invention has been described in terms of several preterred
embodiments, there are alterations, permutations, 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 mvention.

{8051} Also, the title and summary are provided herein for 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
emploved to constroe or limit the overall invention, which is expressed in the clainws. If the
term “set” is employed berein, such term is intended to have its commonly understood
mathenatical meaning 1o 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 mcluding all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present mvention,
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CLAIMS
What is claimed is:
1. An arrangement within a plasma reactor for detecting a plasma unconfinement event,
comprising:

a sensor, said sensor being a capacitive-based sensor implemented within said plasma
reactor, said sensor being implemented ontside of a plasma confinement region, wherein said
sensor is configured to produce a transient current when said sensor is exposed to plasma
associated with said plasma unconfinement event, wherein said sensor having at least one
electrically wsulative laver ovtented toward said plasma associated with said plasma
uncontfined event; and

a detection circwit, said detection circuit being electrically connected to satd sensor for

converting sawd transient current into 8 transient voltage signal and for processing said
transient voltage signal to ascertain whether said plasma unconfinement event exists.
2. The arrangement of clarm 1 wheren said detection circuit includes a voltage converter,
said voltage converter being configured to convert said transient current into said transient
voltage signal.
3. The arrangement of claim 2 wherein said detection circuit further includes a low-pass
filter, said low-pass filter being configored to remove high-frequency components from said
transient voltage signal.
4. The arrangement of claim 3 wherem said detection circuit further includes a set of
resonance filters, said set of resonance filters being configured to block frequencies usually
associated with generating process plasma to generate a conditioned signal.
5. The arrangement of clatim 4 wherein said detection circutt further includes a threshold
detector, satd threshold detector being configured 1o identify when said plasma
unconfinement event has ocawrred by comparing said conditioned signal against a threshold.
6. A method for detecting a plasma unconfinement event during plasma processing within a
plasma reactor, comprising:

producing a transient current when a sensor is exposed to plasma assoctated with said
plasma unconfinement event, wherein said sensor is a capacitive-based sensor implemented
within said plasma reactor and said sensor being implemented outside of a plasma
confinement region, wherein said sensor having at least one electrically insulative faver
ortented toward said plasma associated with said plasma unconfined event;

converting said transient current into a transient voltage signal by a detection circuit,
wherein said detection cirenit being electrically connected to said sensor; and
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processing said transient voltage signal to ascertamn whether said plasma
unconfinement event exists.
7. The method of claim 6 wherein said converting of said transient cwrent into said transient
voltage signal is performed by a voltage conventer, wherein said voltage converter is part of
said detection circuit.
8. The method of claim 7 wherein said processing of said transient voltage signal inclndes
removing high frequency components via a low-pass filter, wherein said low-pass filter is
part of said detection circuit.

gnal includes

9. The method of claim 8 wherein said processing of satd transient voltage si
transforming said transient voltage signal into a conditioned signal by utilizing a set of
resonance filters, wherein said set of resonance filters is pant of said detection circuit and is
configured to block frequencies usually associated with generating process plasma.

10, The method of claim 9 wherein processing of said transient voltage signal includes
wdentifying said plasma unconfinemment event via a threshold detector by comparing said
conditioned signal against a threshold, wherein said threshold detector is part of said
detection circuit.

t1. An arrangement within a plasma reactor for detecting a plasma unconfinement event,
comprising:

a sensor, said sensor being a capacitive-based sensor implemented within said plasma
reactor, saud sensor betng implemented outside of a plasma confinement region, said sensor
being mounted onto a chamber wall of said plasma reactor while being electrically isolated
from said chamber wall via an mmsulator, wherein said sensor is configured to produce a
transient carrent when an outer surface of said sensor is exposed to plasma associated with
said plasma unconfinement event, said sensor having gt least one electnically insulative layer
oriented toward said plasma associated with said plasma unconfinement event; and

a detection eircuit, wherein said detection circuit being electrically connected to said
sensor and is configared to include at least

a voltage converter configured for converting said transient current info a
transient voltage signal,

a low-pass filter configured for removing high~frequency components from
said transient voltage signal,

a set of resonance filters configured for blocking frequencies usually

associated with generating process plasma to generate a conditioned signal, and
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a threshold detector configured for ascertaming whether said plasma

unconfinernent event exists.
12. The arrangement of claim 11 wherein said voltage converter inclades a capacitor,
wherein said capacitor is configured to prevent a direct connection between said sensor and
downstream detection components, thereby protecting said downstream detection
components when short-circuit is experienced by said sensor,
13, The arrangement of claim 12 wherein said low pass filter includes a resistor coupled io a
grounded capacitor.
14, The arrangement of claim 13 wherein at least one resonance filter of said set of
resonance fler includes an inductor in parallel with a capacitor.
15, The arrangement of claim 14 wherein said sensor includes an electrically conducting
substrate, wherein said electrically conducting substrate is made from at least one of a metal,
an alloy of metals, a semiconducting material, 8 conductive ceramic material, and a polymer.
16, The arrangement of claim 18 wherein said electrically insulative laver is made from at
least one of a glass material, a quartz material, a ceramic material, a polvier material, and an
anodized aluminum.
17. The arrangement of claim |1 wherem said sensor is flush with said chamber wall of said
plasma reactor.
18, The arrangement of claim 11 wherein said sensor is mounted on a rod, said rod being
attached 1o said chamber wall of said plasma reactor.
19, The arrangement of claim 11 wherein said sensor is of a rectangular shape.

20. The arrangement of claim 11 wherein said sensor has an annular shape.
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