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(57) Abstract: A system for detecting unconfined-plasma events in a plasma processing chamber is disclosed. The system may in-
clude a sensor disposed in the plasma processing chamber for providing a current when unconfined plasma is present in the plas-
ma processing chamber. The system may also include a converter for converting the current into a voltage and a filter for remov-
ing noise from the voltage to provide a first signal. The system may also include a detector for determining presence of the uncon-
fined plasma using an amplified level of the first signal and/or the first signal. The system may also include a conductor for cou-
pling the sensor and the converter to conduct the current from the sensor to the converter. The system may also include a shield
for enclosing at least a portion of the conductor to at least reduce electromagnetic noise received by the conductor.
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SYSTEMS FOR DETECTING UNCONFINED-PLASMA EVENTS
BACKGROUND OF THE INVENTION

[00011] Plasma processing systems have long been emploved to process substrates (such
as semiconductor wafers) to produce integrated circuits. Plasma may be generated m various
plasma processing systems, such as electron-cyclotron-resonance (ECR) plasma processing
systems, inductively~coupled (ICP) plasma processing systems, or capacitive coupled (CCP)
plasma processing systems. In many cases, confining the plasma to a specific region within the
processing chamber of a plasma processing system, such as within the region directly above the
substrate being processed, may provide certain advantages.
(00021 To facilitate discussion, Fig. 1 shows an example of a plastmaa chamber 100 in
which plasma s confined during processing. Consider the sitoation wherein, for example, a
substrate 124 is placed on an electrode 110, which is mounted fo a pedestal 120, which s
connected to a chamber 102, Electrode 110 is connected to a remote power supply 114, such as
a radio frequency {R¥) power generator, through the interior of pedestal 120. A processing pas
150, which may be a mixture of chemicals, may be introduced mto chamber 102 through an infet
104 when the pressure in chamber 102, which may be lowered by a pump {not shown), has
reached a desired level. To process substrate 124, electrode 110 may capacitively couple the
power from power supply 114 with processing gas 150 to form 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 mixture of chemical
components from processing gas 150, chemical components formed by reactions within plasma
106, and chemical byproducts from the processing of substrate 124, may flow through
confinement rings 108 and a non-plasma chamber volume 128 before being removed from
chamber 102 through an outlet 126, This route 15 tHustrated by a path 136 and usually causes the
mterior of chamber 102 to be exposed to highly reactive gases even when plasma 106 1s
contained.
{0003} However, during the processing of sebstrate 124, plasma 106 may unexpectedly
or uncontrollably migrate out of the containment region within chamber 102, In other words, an
unconfined plasma 138 may form m a region of chamber 102 that 15 cutside of confinement rings
108, The formation of unconfined plasma 138 is undesirable because unconfined plasma 138

may alter the quality of processing plasma 106 in a way that may cause at least one of the
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followmg to occur; signtficantly degrading the performance on substrate 124, damaging chamber
102, and damaging the pedestal 120 or is subsystems. For example, sobstrate 124 may become
damaged due to a change in an etch or deposition rate andfor may be damaged by bemng
contaminated with particulate defects or elemental contamination generated by unconfined
plasma 138, The processing chamber 102 and/or the pedestal 120 may be physically damaged
by, for example, evosion or corresion of chamber materials s a result of exposure to uncontined
plasma 138, In addition, components of processing chamber 102 may experience 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
veturn to ground through chamber components that mav not be designed o carry plasma power.
[0004] As can be appreciated from the foregoing, unconfined-plasma events may be
caused by many different factors. For example, a plasma may become unconfined if the plasma
becomes unstable. In another example, an unconfined-plasma event may occur if electrical
arcing occurs within the processing chamber. In vet another example, a plasma may become
unconfined if processing parameters, such as plasma power, plasma composition, gas supply
Hlows, operating pressure, and the like, fluctuate.

{00035} Also, the occurrence of the unconfined-plasma events may be sporadic and may
tend to be anpredictable. One reason for the unpredictability 15 that the unconfined plasma may
have different forms. In addition, the specific effects that an unconfined-plasma event may have
on substrate processing generally cannot be anticipated due to the variable and nnprediciable
forms exbibited by anconfined plasma. For example, an snconfined plasma may have low
density or high density. In another example, the space cccupied by the unconfined plasma may
be large or small. In yet another example, an unconfined plasma may be a stable plasma or may
be a fluctuating, sporadic plasma. Even the location of the unconfined plasma within the
chanmber may change during processing.

{00061 Various methods have been emploved 1o detect unconfined-plasma events. One
method includes utilizing an electrostatic probe that usually bas muliiple electrodes, such as a VI
probe or a Langmuir probe to detect an onconfined-plasma event. In an example, a Langmuir-
style probe, which may have unprotected electrodes (usually made from metal), may be exposed
to the chamber environment.  The Langmuir-style probe is tvpically electrically biased such that

when the probe is exposed to plasma, a direct current (DC) can flow from the plasma to the
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probe’s 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 current
detector 148, DC current 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 bigs the probe,

{0007} However, the operational requirements of Langmuir-style probes (i.e, that the
electrodes are unprotected and that a DC electrical contact with the plasia exasts) it the
utthity of the Langmuir-style probes in detecting unconfined-plasma events, Also, due to the
unpredictable nature of the unconfined-plasma events, the Langmuir-style probes may have to be
operating continucusly while the substrate is being processed in order to be effective. However,
continuous usage may result i exposing the unprotected electrodes of the Langmuir-style probes
to the mixture of chemical species that is usually present in the chamber duning plasma
processing. The mixture of chemical species, which includes chemicals supplied for processing
of the substrate, new chemical species generated within the processing plasma, and chemical
byproducts formed during the processing of the substrate, typically mcludes both corrosive
components and depositing components that may detrimentally affect the ability of Langmuir-
style probes to function properly.

{0008} In an example, corrosive components {e.g., chlonne, fluorine, and bromine, etc.)
may cause the Langmuir-style probe to function improperly, such as failing to timely and/or
accurately detect an unconfined-plasma event. In addition, corroded electrodes may become a
source of particulate defects andfor metallic contanunation that may indirectly damage the
substrate being processed. In another example, the depositing components of the mixture (e.g.,
morganic SiOx-based byproducts and organic CFx-based polymerizers) may result in the
formation of an electrically-insulating film on the electrodes of the probe; thus, the film may
interfere 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 for detecting nnconfined-plasma events.
[0009] Another method that bas been eraployed is to identity the changes in the bias
voltage of a substrate during processing to detect unconfined-plasma events. With reference to
Fig. 1, a bias voltage on substrate 124 may be produced when power provided by power supply
114 interacts with plasma 106 within chamber 100, Typically a sensor 140 may be installed

{e.g., in clectrode 110} to allow direct measuwrement of the bias voliage on substrate 124 during
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{0010} Additionally or alternatively, a change in the bias voltage may be indirectly
detected by measuning changes in parameters that are related to the substrate bias voltage. For
example, when the substirate bias voltage changes because of unconfined plasma 138, the power
supplied by a power supply 114 to an electrode 110 to maintain plasma 106 may also change.
Therefore, monitoring the power supplied 1o plasma 106 with a RF power detector 142 may
allow detection of unconfined-plasma events.

{00111 However, the utility of monitoring the bias voltage to detect unconfined-plasma
events 1 lunited by the difficulty in detecting changes in the bias voltage caused by unconfined-
plasnia events. Detecting changes in bias voltage is particularly dithicult when higher frequency
generators (such as 60 MHz) are utilized to generate plasma. The bias voltage generated by
higher frequency generators is small; and since unconfined-plasma events usually occur at lower
power levels, detecting the unconfined-plasma event from the small changes 1 the DC bias
signal mav be difficult or impossible. Therefore the utihity of this technigue 15 limited because of
the inability to reliably detect unconfined-plasma events.

{0012} in yet another prior art approach, an optical sensor may be used to detect
wconfined-plasma events. Those skilled in the art are aware that plasma generally emuts light.
Thus, an optical sensor may be emploved to detect the light emitted from an uncontined plasma.

fn an example, with reference to Fig. 1, an optical sensor 132 may be installed adjacent to a

Fo

transparent window 130 wiath a hne-of-sight info an area of chamber 102 in which monitoring is
desired (denoted here as a passage 134). Thus, when plasma 106 becomes unconfined, light
from unconfined plasma 138 niay enter passage 134 and may pass through window 130 10 be
detected by oprical sensor 132, Upon detecting the light, optical sensor 132 may send a signal to
an optical signal detector 146, f the signal s above a pre-defined threshold, optical signal
detector 146 may provide an alert indicating that anconfined plasma 138 has been detected.
[0013] However, employing the optical sensor to detect uaconfined-plasma eveuts may
be unsatisfactory in some cases because detecting the light emitted from unconfined plasma 138

may be difficalt. This is because the light emitted by uncondined plasma 138 s sigmficantly
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dimmer than the light emitted from processing plasma 106, In addition, the positioning of the
optical sensor outside of the chamber may make “sectng” the hight difficuli through the
transparent window since the reactive chemicals may cause the transparent window to be less
than transparent. In other words, the reactive chemicals mayv canse a laver of filims to be
deposiied on the transparent window, thereby significantly redecing the amount andfor quality of
light that ts detected by the optical sensor. Furthermore, the utility of optical sensors is
dependent upon having viewing access into the processing environment. However, placing
windows and/or viewing passages in all locations that may have to be monitored may not always
be feasible.

SUMMARY OF THE INVENTION
(0014} The invention relates, in an embodiment, to an arrangement within a plasma
processing environment of a plasma chamber for detecting an pnconfined-plasma event. The
arrangement includes a seasor, which is implemented within the plasma chamber and outside of
a plasma confinement region. The sensor may produce a transtent current during an uncondined-
plasma event. The arrangement also includes an insulator to electrically 1solate the sensor from
the plasma chamber wall. The arrangement further includes a conducting contact to electrically
connect a cable, wire, or conducior to the sensor through the insulator. The arrangement also
mcludes a detection circuit, which 1s electrically connected to the sensor via a conductor that is
attached to the conducting contact. The detection circuit is configured to convert the transient
current nto a transient voltage signal and to remove noise from the transient voltage signal
before determining whether the transient voltage signal is above a threshold, which defines when
the unconfined-plasma event 18 occurring., The arrangement also includes g shield for enclosing
at least a portion of the condactor to at least reduce electromagnetic noise {e.g., RF noise}
received by the conductor.
{00157 The shove summary relates to only one or more of the many embodiments of the
mvention disclosed herein and is not intended to Himit the scope of the invention, which is set
forth 10 the claims herein. These and other features of the present ivvention will be described in
more detail below in the detailed description of the mvention and in conjunction with the
following figures.

BRICF DESCRIPTION OF THE DRAWINGS

L
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[0016} The present mvention is ilustrated by way of example, and not by way of
fimitation, i the figures of the accompanying drawings and in which like reference munerals
refer to similar elements and n which:

[0017] Fig. 1 shows an example of a prior art plasma processing chamber i winch the
plasma 1s confined during processing, and illustrates corrent strategies for detecting unconfined
plasma events.

[O018Y Fig. 2 shows a schematic representation iHustrating a plasma chamber duning
plasma processing in accordance with one or more embodunents of the present mvention.
[0019] Fig. 3A shows a schematic representation illustrating an implementation of a
capacitive-based sensor in accordance with ong or more embodiments of the present invention.
[0020] Fig. 3B shows a schematic representation iHlustrating a rectangular capacitive-
based sensor 1o accordance with one or more embodiments of the present invention.

[o021} Fig. 3C shows a schematic representation itlustrating a cross-section of a sensor
with two electrically msuolative outer lavers in accordance with one or more embodiments of the
present invention.

foo22 Fig. 4A shows a schematic representation dlustrating circuits in an unconfined-
plasma detection arrangement in accordance with one or more embodiments of the present
mvention,

[0023] Fig. 4B shows a schematic representation tHustrating circuits v an unconfined-
plasma detection arrangement m accordance with one or more embodiments of the present
myention.

[0024] Fig. 5 shows a schematic representation illustrating a svstem for detecting
unconfined-plasma events in a plasma processing chamber in accordance with one or more
embodiments of the present invention.

(00257 Fig. 6 shows a schematic representation illustrating a sensor, a shielded
conductor, and a converter in the system illustrated in the example of Fig. § in accordance with
one or more embodiments of the present invention,

{0026} Fig. 7 shows a schematic representation illustrating a filter in the system
tllustrated in the example of Fig. 5 tn accordance with one or more embodiments of the

myention,
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[0027} Fig. 8 shows a schematic representation illustrating a detector m the system

Hlustrated m the example of Fig. 3 tn accordance with one or more embodiments of the presenti

mvyention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0028} The present invention will now be described in detail with reference to a few

preferred embodiments thereof as illustrated 10 the accompanying drawmgs. In the following
description, numerous specific details are set forth in order to provide a thorough uaderstanding
of the present invention. It will be apparent, however, to one skilled in the art, that the present
wrvention 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 o not
unnecessarily obscure the present invention.

(00291 Varioos embodiments are desceribed herein below, incloding methods and
techniques. It should be kept in mind that the wvention nught also cover articles of manufacture
that include a computer readable medhen on which computer-readable instructions for carrying
out embodiments of the inventive technique are stored. The computer readable medium may
mclude, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medinm for storing computer readable code. Further, the mvention may also
cover apparatuses for practicing embodiments of the tnvention. Such apparatus may nciude
circutts, dedicated andfor programmable, to carry out tasks pertaining to embodiments of the
mvention. Examples of such apparatus include a general-purpose computer and/or 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
pertaming to embodiments of the mvention.

[0030] As aforementioned, during plasma processing, the quality of the devices being
created may rely on plasma being confined within a specific region of the plasma chamber, such
as within the region directly above the substrate being processed. However, plasma may
become unconfined and migrate cutside of the desired processing region. The formation of an
unconfined plasma m a plasma chamber i3 highly undesirable since the quality of the processing
plasma way be altered, thereby causing performance ssues {e.g., siguificantly degrading the
performance on the sebstrate) andfor damaging hardware (e.g., damaging the process chamber or

the pedestal). The prior art methods of detecting the unconfined plasma are hinited due to
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various reasons, including but are not himited to, the corrosion of critical sensor components
andfor the deposition of an electrically msulating film on critical sensor components, and poor
signal-to-poise characteristics.

[0031} Some embodiments of the preseut invention relate to systems for detecting
unconfined-plasma events. For example, a detection system according to one or more
embodiments of the invention may include an unconfined-plasima sensor, such gs a capacitive-
based sensor. The unconfined-plasma sensor 15 not sensitive w or substantially unaffected by the
typically corrosive and depositing plasma processing environment. The unconfined-plasma
sensor is also configured to be operated continvously during plasma processing without
experiencing reduced device yvield. Further, the unconfined-plasma sensor is configured to
generate a clear and robust signal when an unconfined-plasma event occurs. In addition, the
unconfined-plasma sensor s configored to be flexibly located within the process chamber.
[0032] The detection system may also include a detection cirenit to couvert a current
signal recetved from the enconfined-plasma sensor mto a voltage signal and reject notse m the
signal. The detection circanit may include a resistor-capacitor {RC}Y filter, which may include
several cascaded filtering stages for filtering noise of a wide range of frequencies, The RC filter
may have a simple structure without requiring buffering arrangements being implemented
between the fillering stages. Advantageously, with minimum design, manufactoring, and
maintenance costs, the RC filter may effectively reject noise to provide high-fidelity signals for
deternuning presence of unconfined plasma.

{00331 The detection system may also inchide a shield for enclosing at least a portion of
the conductor that couples the unconfined-plasma sensor and the detection circyit.
Advantageously, electromagnetic nowse recetved by the conductor may be substantially reduced
or prevented, and the current signal provided by unconfined-plasma sensor may be transnutted
with numimum mterference and contamination.

[0034] The detection system may also include a seif-test mechanism for performing tests
on the detection circuit (and the circuit of the unconfined-plasina sensor) 10 ensure accurate
detection of uncontined plasma. The selt-test mechanism may perform the tests withoot
interrupting the operation of the plasima processing system in which the detection system is
mplemented. Advantageousty, unconfined plasma may be accurately detected without

manufacturing productivity being compromised,
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{0035} Some embodiments of the present invention relate to plasma processing systems
equipped with detection systems for detecting unconflined-plasma events.

[0036] The features and advantages of the present mvention may be better understood
with reference to the figures and discussions that tollow.

{0037} Fig. 2 shows, in accordance with an embodiment of the present mvention, a
simple schematic of a plasma chamber 200 during plasma processing. Plasma chamber 200 may
mchude an electrode 210 {e.g., capacitive-based sensor}, which is configured {o be implemented
withinn a region in which detection of unconfined-plasma events 15 desired. In other words, the
region may be outside of a plasma confinement region 214, In an example, electrode 210 may
be mounted in a manner that enables the outer surface of electrode 210 to be exposed o
unconfined plasma, such as unconfined plasma 212

{00381 Due to the inberent characteristic of plasma, surfaces exposed o a plasma may
develop an clectrical charge as a result of the difference m velocities of the hghter plasima
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 surtace of
electrode 210 may undergo g charging process. The outer electrode 210 surface may charge
negatively or positively, depending on the particular characteristics of unconfined plasma 212
Usually, the charging process is transient since the charging process may only occur until the
outer surface of electrode 210 has achieved an amount of charge that is at equilibrium with
unconfined plasma 212,

{00391 While the transient charging process of the outer surface 1s occarring, a transient
charge of opposite sign may be induced within electrode 210, The transtent charge may be
converted into a transient voltage signal by a conversion eircuit 222, To remove the notse from
the transient voltage signal, a low-pass filter 224 mav be utilized. In an example, the transient
voltage signal may he improved by passing through low-pass filter 224 to remove high-
frequency components (i.e., high-frequency noise). In an embodiment, a set of resonant LC filter
226 may be employed to block specific frequencies, such as those typically used to generate
plasma in order to further refine the ansient voltage signal into a conditioned signal. 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 13

above the pre-defined thweshold, threshold detector 228 yay generate an alert indicating that
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unconfined plasma has been detected, thereby enabling appropriate actions to be taken (e.g., the
plasma may be tarned off and processing of the sabstrate stopped).

{00401 Fig. 3A shows, in an embodiment of the ivvention, an mplementation of the
capacitive-based sensor. As mentioned in Fig. 2, a capacitive-based sensor 302 may be
physically mouanted on a chamber wall 318 of a plasma chamber.  In an embodiment, capacitive-
based sensor 302 way include at least two components: an electrically tnsulative outer laver 308
and an electrically conducting subsirate 304, In an embodiment, capacitive-hased sensor 302 13
electrically isolated from the mounting surface via an insulator 316, When a transient charge Is
generated due to an unconfined plasma, the transient current may be sent along 1o a conducting
contact 314, which is coupled to electrically conducting substrate 304 via an electrical contact
306. The transient charge may be sent to a detection circuit {not shown} via a wire 310, which
may be secored to conducting contact 314 via a clamp 312,

[0041] Inn an embodiment, electrically conductive substrate 304 may be made from an
electrically conducting material. In an example, electrically conductive substrate 304 may be
made from a metal {e.g., AL, Cu, Ag, Au, Fe-based, etc.) or a combination/alloy of metals. In
another embodiment, elecirically conductive substrate 304 may be made from a semiconductor
material, such as highly-doped silicon, for example. In vet another embodiment, electrically
condnctive substrate 304 may be made from a conductive ceramic material {e.g., stlicon carbide)
or a combination of conductive ceramics. In vet another embodiment, electrically conductive
substrate 304 may be made from a conductive polymer. In an example, the conductive polymer

£+

may be an organic polvmer containing electrically conductive “fillers.” In another example, the
conductive polvmer may be an organic polvaniline-based polvmer or a mixture of g polyanyline-
based polymer. In vet another embodument, electrically conductive subsirate 304 may be made
from a non-conducting polymer. In yet another embodiment, electrically conductive substrate
304 may be made from an electrically conductive norganic polymer, such as conductive
silicone, for example. In vet another embodiment, electrically conductive substrate 304 may be
made from a combination of any or all of the above electrically conductive materials,

{0042} in an embodiment, electrically mnsulative outer layver 308 mway be made of an
electrically-tnsulative material. In an example, electrically insulative ounter laver 308 may be

made from a form of S102 {e.g., quartz or glass), a ceramuc (e.g., Al203), a commercial polvmer
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{e.g.. PTFE, polyimide, stlicone, etc.}, a polvmer that is a byproduct of the plasma process {e.g.,
a CFx-based polymer), or a combination of any or all of the above.

[0043] Furthermore, electrically insulative outer layer 308 may be made of an
electrically-insulating nuatertal that may be compatible with the typical mixture of chemicals and
plasma being used 1y the plasma chamber in which the sensor is mnstalled. In an example,
anodized aluminunt is 8 common material fa a typical plasma etch chamber (such as that
tHustrated mn Fig. 1) since anodized ahumimun 13 relatrvely mert to the chemicals tvpically used
for substrate processing. in other words, an unconfined-plasma sensor made from anodized
aluminom may be compatible with the plasma process since anodized alwninom is relatively
insensitive to the plasma environment and does not become a source of metal or particulate
defects.

{00441 In another embodiment, electnically wsulative outer layer 308 may be grown from
electrically conductive substrate 304, In an example, the anodized aluminom that may
characterize electrically outer laver 308 may be grown from an aluminum substrate. In another
example, electrically insnlative outer faver 308 may be grown from the film deposited on
electrically conductive substrate 304, The film may be deposited by a plurality of common
deposition techniques, including chemical vapor deposition, plasma enhanced chemical vapor
deposition, sputtering, and the ke, In vet another example, electrically sulative outer layer
30& may be applied onto electrically conductive substrate 304 by a plurality of common
application techniques, such as thermal spraying, sintering, thermal bonding, and the like.
{00451 The thickness of electrically insulative cuter laver 308 may vary depending upon
the type of insulative material, In an embodiment, the thickness of electrically wsulative outer
Jayer 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
1§ exposed 1o a plasma in order to create a measurable voltage that is detectable in the detection
circuit. In an embodiment, the thickness of the film may range from 10 o 100 micrometers.
[0046] As can he appreciated from the foregoing, the muuber of electrically insulative
oupter layers that may be applied to electrically conductive substrate 304 may vary as long as the
set of electrically msulative outer layers electrically isolate electrically conductive substrate 304
from the outer surface of a sensor 324, which is exposed to the unconfined plasma. To illustrate,

Fig. 3C shows, it an embodiment of the invention, an example of a cross-section of a capacitive-

i1
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based sensor 302 with two electrically insulative outer layers, 320 and 322. In an example,
electrically insulative outer fayer 322 may be applied onto clectrically insulative outer fayer 320
as part of the fabrication of capacitive-based sensor 302, 1n this example, electrically nsulative
outer laver 320 may become an “intermediate ghue laver” to improve the adhesion of electrically
msulative outer layer 322 onto electrically conductive substrate 304, In another example,
electrically msulative outer layer 320 may have a coefficient of thermal expansion that is in
between that of electrically msolative outer laver 322 and that of 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 cycling.

[0047} in a third example, electrically insulative outer laver 322 mav represent a laver of
deposition that has been formed on an electrically insulative outer layer 320 due to exposure to
reactive gases that are present in the processing chamber while the substrate 15 being processed.
Because capacitive-based sensor 302 may operate like a capacitor, capacitive-based sensor 302
may be insensitive to the formation of an addittonal layer on the sorface of the sensor. Unlike
Langmuir-type probes, the formation of an electrically insulative outer faver does not eliminate
the ability of the sensor to detect uuconfined plasma.

{00481} Referring back to Fig. 3A, the specific combination of insulator 316, conductor
contact 314, and clamp 312 may be custom-made for a particular application, or may be replaced
by any number of commercial vacuum feed-through devices or components thereof.

00491 Additionally, capacitive-based sensor 302 may be mounted to the charaber in
many different ways. In an embodiment, capacitive-based sensor 302 may be mounted 1 close
proximity 1o chamber wall 318, as shown in Fig. 3A. In another embodiment, capacitive-based
sensor 302 may be flush with chamber wall 318, In yet another embodiment, capacitive-based
sensor 302 may be mounted away {such as on the end of a rod or a pedestal) from charmber wall
318.

{00501 in an embodiment, capacitive-based sensor 302 may be formed in any 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. Inan
embodiment, as shown in Fig. 3B, capacitive-based sensor 302 may be a rectangular “batton,”
with x and y dimenstons of around one inch and a thickness z of about 0.057.  In another

gmbodiment, capacitive-based sensor 302 may be anaular in shape, such as a ring, to account tor
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the other components within the environment, such as a circular pedestal or a circular chamber.
Usually, the sensitivity 1s proportional to the surface area of the probe i contact with the
uncontined plasma {which may not occupy the whole exterior volume). Accordingly, a larger
probe may provide a larger signal, but may also captare more notse. Furthermore, a very large
probe may risk perturbing the normal plasma process, for example by changing the RF current
return path. Thus, the shape and size of the sensor may depend upon a manufacturer’s
preference given the oriteria discussed above.

[0051] As aforementioned, once the transient current has been generated, the transient
current may be sent to a detection circuit to determine the existence of unconfined plasma.

[0052 Fig. 4A shows, in an embodiment of the invention, an example electrical model of
both a capacitive-based sensor and a detector cirenit. 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 4006 and 408 each
represents an elecirically insulative outer layer that may be present on the electrically conductive
substrate of the capacitive-based sensor. As can be appreciated from the foregoing, additional
lavers on the electrically conductive substrate niay be represented by additional capacitances
the glectrical model {and vice versa). In an embodiment, the capacitance of the set of electrically
msulative outer lavers on the electrically conductive substrate is the dominant capacitance. In
other words, the additional capacitance due to the formation of layers of plasma deposition
products may be large relative to the capacitance of the outer lavers of the detector, since the
smallest capacitors in a sertes 18 the dominant one. Usueally, a typical capacitance valee of the
film may be about 0.1 nano farad (nF) per square centineter of the surface area.

[0053] Boxes 410, 420, and 430 fogether show an example circuit modet for a detection
circuit. Box 410 shows an example of a model for a current-to-voltage converter (ie., circuit
converter). The current-to-voltage converter is configured to convert the transient current
generated from an electrical charge due 1o exposure of the plate 404 to plasma to a transient
voltage. In an example, the transient cwerent that develops 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 a transient voltage signal, which may be read at point 412.
in an embodiment, resistor 414 may have a value of between 1 - 100 kilo Obhms. In one or more
gmbodiments, an op-amp with feedback resistor may convert the transient current into a transient
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voltage. One or more embodiments may use a transistor with appropriate bias to convert the
transieni current info a transient voltage. One or more embodiments may use a transformer {0

convert the transient current o a transient voltage.

[0054] The transient voltage signal generated at point 412 may then be conditioned to

nnprove signal-to-noise characteristics. In an embodiment, the transient voltage signal may pass
through a low pass filter circudt, such as the example ctreuit shown in box 420, In an
embodiment, low pass filter 420 way melude; but may not be tinuted to a resistor 422 connected
to a capacitor 424, which is 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
embodiment, resistor 422 may have a value of 100 Ohms and capacitor 424 may have a value of
about 100 nF.

{0055 The signal-to-noise characteristics of the transient voltage signal may be further
improved by passing the transient voltage signal through a set of resonant LC filters, such as the
two examples presented in box 430, i an embodiment. The tirst LC filter may inclode an
inductor 432 m parallel with a capacitor 434, Similarly, the second LC filter may include an
inductor 436 i parallel t a capacitor 438, With the set of resonant LC filters, the transient
voltage signal may be improved by selectively blocking known andfor expected frequencies. For
example, if a process plasma ts powered by two separate RE generators that operate at different
frequencies {e.g., 13.56 MHz and 27 MHz)}, the transient voltage signal generated from a
capacitive-based sensor exposed to plasma may include both frequencies.

{00561 Since, the magnitude of these frequencies may mterfere with the detection of the
transient voltage signal, the set of resonant LC filters may be employed to block the frequencies.
In an example, nductor 432 in parallel with capaciior 434 may block the 13.56 MHz component,
and inductor 436 in parallel with capacitor 438 may block the 27 MHz component. Tvpically, the
types of frequencies that may be blocked may be the types of frequencies that may be conunoualy
utitized (2.g., 2 MHz, 27 MHz and 60 MHz). However, the set of resonant LC filters are not
himited 1o blocking just the aforementioned frequencies and may block any frequency andior a
range of frequencies {e.g., 200 kHz 10 200 MHz). As can be appreciated from the foregoing, the

type of frequencies that may be blocked may depend upon the user’s preference.

{00571 Once the transient voltage signal has been filtered, a conditioned signal may be

generated at a point 4440, In an ewbodiment, the conditioned signal (i.e., the output from
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resonant LO 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 tfan
uncontfined-plasma event has occurred.

[0058] Alternatively, the detection civcwit may be implemented as shown in Fig. 48, The
detection circuit as shown i Fig. 4B is similar to the detection crrouit of Fig. 4A except {for the
presence of an additional capacitor 418, In an embodiment, capacitor 418 may be implemented
within the current-to-voltage converter of box 410, Since the capacitive-based sensor in box 402
may sometime experience short-circuit, capacitor 418 may provide some protection for the
downstream components of the detection circuit {1.e., boxes 420, 430, threshold detector, etc.)
from being damaged. In an embodiment, capacitor 418 may have a value of about 100 nF, As
an exampie, if the set of outer lavers of the capacitive-based sensor become damaged such that
the electrically insulative charactenistic of the capacitive-based sensor is compromised, model
capacitors 406 and 408 in box 402 are replaced by a direct electrical connection between the
capacitive-based sensor (i.e., plate 404) and the detection circuit components {which are
connected to point 412 in box 410), the detection circuit may also be short-circuited and mav be
damaged. However, with capacitor 418, a direct connection between the plasma and the
detection components may be prevented, thereby preventing the detection circuit from being
damaged. In addition, even if capactior 418 becomes exposed {0 the unconfined plasma due to
the short-circult situation, the transient voltage signal generated is detectably different from the
transient voltage signal that 1s associated with a non-short-circutted sensor. As a result, the
threshold detector would be able to differentiate between the two types of transient voltage

signals and mav even be able to make a deternunation that the capacitive-based sensor has been

damaged.
[0059] Fig. 5 shows a schematic representation illustrating a system 500 for detecting

vconfined-plasma events in a plasma processing chamber 200 {or plasia chamber 200} in
accordance with one or more embodiments of the present invention. System 500 may provide
further improvements and advantages over the embodiments discussed with reference to the
examples of Figs. 2and 4.

[0066] For example, systent 300 may be able to prevent leakage-induced errors and
breakdowns, which may be potentially cansed by DC voliage build-up. System 500 may also

incorporate seli-test functions/features to ensure accurate detection of unconfined-plasma eveats

o
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without comprising productivity. System 300 may also isolate sensor ground and detection
ground for facilitating distinction of signal from notse {such as common mode nose). System
500 may also effectively filter notse of a wide range of frequencies with a relatively low-cost
filtering mechanism. System 500 may also adjust filtering and detection mechanisms in an
adaptive manper and therefore may be optimized for various configurations and recipes for
plasma processing, Systemn 500 may also facilitate studies and analyses of various unconfined-
plasma gvents.

[0061] Sunilar to the embodunents discussed m the example of Fig. 2, system 500 may
mclude a sensor 210 (or electrode 210, a converter 384, a filter 586, and a detector 388,
However, in a novel and non-obvious manner, system 500 may not need a resonant LC filter as
required in the examples of Figs. 2 and 4. System 500 may also include a shielded conductor
382 {e.g.. a shielded cable) configured to couple sensor 210 and converter 384, Shielded
conductor 582, converter 384, filter 586, and detector 588, and assocated features and
advantages are hurther discossed with reference to the examples of Figs. 6, 7, and 8.

(00621 Fig. 6 illustrates a schematic representation of sensor 210, shield conductor 582,
and converter 384 in system 300 in accordance with one or more embodiments of the present
mvention. Among the components, sensor 2160 has been discussed with reference to the example
of Fig. 2.

[0063] Shietded conductor 382 may include conducter 660 for coupling sensor 210 and
converter 384, Conduactor 600 may have a low capacitance {or high characteristic impedance)
for transmitting low frequency pulses from sensor 210 concerning unconfined plasma to
converter 584, Shielded conductor 582 may also include a shield 692 enclosing at least a
portion of conductor 600. Shield 692 may be electrically grounded at two ends through a ground
608 and a ground 604, Ground 608 mayv be located close 1o sensor 210 and before signals are
substantially transmitted through conductor 600, Shield 692 may provide shielding for signals
transmyitted through conductor 600. In general, if conductor 600 is not shielded, conductor 600
may act s an antenna that may radiate and receive electromagnetic energy. As a result, the
strength of desived signals may be reduced, and external signals may be received to cause
mnterference and noise. Advantageousty, shield 692 may prevent signal streugth loss and may

shield signals from external imterference and noise.
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{0064} Converter 584 may have components, such as capacitor 418, resistor 414, and
ground 416, similar to components discussed in the example of Fig. 2. In addition, system 600
may inclade resistors 612 and 602 difterentially coupled across resistor 414 for rejecting
cotmmon-imoede noitse. Resistors 612 and 602 may also he configuwred for measuring voltage
signals.

[00651 System 500 may also mclude bleeding resistor 662 for preventing DC voliage
build-up, thereby preventing leakage-induced ervor and breakdown of converier 584, Bleeding
resistor 662 may have high resistance relative to the rest of the circuit in system 500, such that
bleeding resistor 662 does not unduly foad down the signal to be measured. Nevertheless, the
resistance of bigeding resistor 662 mayv be low enough to keep the DC voltage below an
acceptable amount to prevent DC voltage build-up. As an example, the resistance of bleeding
resistor 662 may be on the order of Mega Ohms,

[0066] Svsterm 500 may also include a self-test mechanism. For exanple, system 500
may include a seli-test current source 630 coupled with node 412 through a series capacitor 668
and a series resistor 606, Self-test current sonrce 650 may provide a signal, such as a self-test
pulse, to node 412 to test the circuit of one or more of converter 584, filter S86, etc. Self-test
current source 630 may have high impedance such that current source 630, series capacitor 668,
and series resistor 606 may not unduly load down node 412, Series capacitor 668 may have
capacitance on the order of nano farads (nF). The resistance of series resistor 606 may be on the
order of kilo Otuns. The self-test pulse injected to node 412 may have one or more
characteristics, e.g., rise time, that are consistent with a signal pertaming to an unconfined
plasma, Series capacitor 608 may be @ variable capacitor for adjusting the self-test pulse. In
another embodiment, a buffered waveform generator with an iselating signal switch may be used
to generate and inject the self-test signal into node 412,

(00671 fn system 500, compound grounding may be wiilized. For example, ground 604
may be connected to a frame ground through a bracket. Groumd 416 may be connected to
another frame ground through another bracket. In general, a frame ground 15 a ground pomnt on a
metal piece that forms the frame or enclosure of a machine (soch as a plasma processing svstem).
The brackets may be kept separate and/or may have high hopedance i between such that the

brackets do not couple with each other.
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{0068} Fig. 7 shows a schematic representation ilustrating filter 386 in system 500 in
accordance with one or more embodiments of the invention. Filter 586 may be connected with
converter 384 {discussed with reference to Fig. 6) through differentially coupled resistors 612
and 602, which serve as tnput resistors. Filter 386 may include one or more resistor-capacitor
(RC) filters. The one or more RC filters may have a wide range ot frequency response and
therefore may be able to effectively reject noise over a wide range of frequencies.

[0069] In the example of Fig. 7, four stages of RC filiers are noplemented, though
different numbers of stages may be uithzed m various embodiments. The four stages may be
cascaded andior may work independently. The four stages of filter 586 may have similar
configurations. As an example, stage 738 may include shunt capacitors 700 and 708 for shunting
electromagnetic noise (e.g., RF noise) to ground 706 and ground 716, respectively. Ground 700
and ground 716 may be coupled to the same frame ground or different frame grounds. Inone or
more embodiments, ground 706 and 716 may be conuected and may share the sawe grounding
strap. The grounding strap for ground 706 and ground 716 may be different from the grounding
strap utilized for ground 604 and ground 416 shown in the example of Fig. 6. With
electromagnetic noise shunted to grounds 706 and 716, comprehensive rejection of noise may be
performed, and high-fidelity signals may be provided.

[0070] Stage 738 may also inclade a capactior 702, Capacitor 702 may caunse a short
circutt and may attenuate differential-mode RF signals recerved through differentially coupled
resistors 612 and 602, for further improving the outpat signal of filter 586

(007 The effect of RC filtering can be modified by the number of stages. Witha
simple structure, excellent pulse fidelity for ow frequency signals (e, on the order of KHz)
maybe sufficiently provided wath suhstantial rejection for high frequency noise, e.g., 100 dB of
noise-rejection at 400 KHz. The number of stages may determine the amount of rejection. For
example, each stage may provide about 20 dB of rejection per decade.

[0072 The RC fikering circuit can be designed to provide attenuation of noise at the
lowest frequency expected, e.g., the lowest frequency plasma processing chamber 200
{(illustrated in the example of Fig. 3) may operate on. Accordingly, noise above the lowest
expected frequency may be rejected. With RC arrangements, filter 386 does not require the
selection of spectfic mductance and capacitance values for fundamental frequencies and

harmonic frequencies. Ta contrast, such a selection is typically required ia resonant LC filiers.
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Further, the RC circuit in filter 586 generally is not sensitive 1o resonance and can be cascaded
without requiring the bulfering arrangements being disposed between different stages. In
contrast, buffering is usually required for LC resonant filters. Accordingly, design,
inplementation, and maintenance costs associated with filter 586 is relative low compared with
costs associated with filters ptilizing 1O arrangements.

[00731 Filtered signals provided by filter 5386 may be recetved at nodes 752 and 754 as
mput mnto a difterenizal amplifier 778, Ditferential amplifier 778 may have g high impedance
mput {e.g., on the order of Mega Ohms), which may allow the use of high-resistance resistors,
such as resistors 612, 602, 714, and 704, with resistance values on the order of 100 KQ.
Differential amplifier 778 may also provide a gain to amplify the filtered signals for facilitating
detection of unconfined plasma. Differential amplifier 778 may be coupled with an analog
signal ground 768 to provide a reference for signal detection and for conditioning electronic
components. The combination of filter 586 and differential amplifier 778 has high CMRR overa
very wide frequency range. The combiation also has steep roll-off to reject differential mode
high frequency noise with Gaussian shape to preserve pulse fidelity.

(00741 Fig. 8 shows a schematic representation iHustrating detector 388 in system 500 1w
accordance with one or more embodiments of the present mvention. Detector 388 may include a
microprocessor 830 for processing signals (e.g., a signal 890) provided by ditferential amplifier
778 Signal 890 may drive several {(alternative} miput signals to microprocessor 850,

(00757 For exaraple, through connection 800, signal 890 may be provided to an analog-
to~digttal (A/D) converter 898 of mucroprocessor 850, Accordingly, A/D converter 898 may
convert signal 890 into a digital signal. Processor 850 may process and/or analyze the digital
signal for the detection of an unconfined-plasma event andfor for studies of uncontined-plasma
events.

[0076] Through connection 880, signal 890 may be provided to a peak detector 882 for
measuring the peak value(s) of the left-over high frequency noise(s). The peak values of the lefi-
over noise may be atihized to adjust the threshold of comparators 802 and 812 1 system 500,
Advantageously, settings for thresholds utihized 1n detecting unconfined-plasma events may be
optimized, and false triggers may be avoided.

(00771 Signal 890 may also be provided to at least one of positive comparator 802 and

negative comparator 312 for detecting at least one of positive unconfined plasma coupling and
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negative unconfined plasma coupling. In one or more embodiments, both positive and negative
uncontfined plasma couplings may be detected. The output signals of comparators 802 and 812
may be provided to microprocessor 850 for further analyses. An AND gate 804 may be utilized
to determine whether either one of the signals provided from comparators 802 and 812 s active.
AND gate 804 may trigger microprocessor 830 to start a timer if at least one of the signals from
compargtors 802 and 812 {s active. If netther of the signals is active, the tiwer may be stopped,
and the accumulated time may be assessed for determining the width of a pulse pertatning to
signal 890,

[0078] if the pulse width is greater than a predefined threshold valee (which mav be, e.g.,
on the order of 300 microseconds to | millisecond), unconfined plasma may be determined to be
present. Accordingly, microprocessor 850 may inform a host device 860 of the presence of the
unconfined plasma. Host device 860 may then perform appropriate actions in response fo the
presence of the unconfined plasma, such as suspending the plasma processing in plasma
processing chamber 200 (iHlustrated m the example of Fig. 5).

[0079] if the pulse width is less than another threshold valne, microprocessor 850 may
determine that there is neise and may frigger a noise indication.  Accordingly, system 500 may
be further fine-tuned to eliminate Spurious response 1o noise.

[0080] Various characieristics, such as magnitude, polarity, elc., of the pulse associated
with signal 890 may be logged for analyses of various events by microprocessor §50.

{00813 Microprocessor 850 (or host 860} may also provide a self-test signal 808 for
testing the circattry of at least one of converter 584, hilter 386, ete., without the operation of
chamber 200 bemg interrupted or disrupted.

{0082} System S} may also include a digital-to-analog {D/A) converter 852 for
configuring thresholds for comparators 802 and 812. The thresholds may be configured in an
adaptive manner in response to noise indications and/or may be configured according to
USer/CUstomer requirements.

[0083] in one or more embodiments, a powerful processor may be utihized {in place of
nuicroprocessor 830) to execute digital signal processing algorithms for processing signal 890
Accordingly, peak detector 832, positive comparator 802, and negative comparator 812, etc. may

not be needed.
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{0084} in one or more embodiments, analog signals provided by peak detector 882,
comparator 802, and/or comparator 812 may be analyvzed by an analog device to determine the
presence of any unconfined plasma without the need of the digital nucroprocessor 850,

{0085} As can be appreciated from the forgoing, one or more embodiments of the preseat
mvention provide for an enconfined-plasma sensor for detecting unconfined plasma. By having
a set of electrically insulative outer layers protecting the conductive substrate of the unconfined-
plasma sensor, the ynconfined-plasma sensor 15 protected from the plasma environment, thereby
enabling the unconfined-plasma sensor to perform without suffering a performance decline due
to corrosion of critical sensor components and/or deposition of electrically insulating films on
the conducting substrate of the sensor. With a detection circuit capable of filtering out
extranecus noise from the voltage signal, the voltage signal may be of higher quality; thus,
providing the threshold detector with a clear signal from which an unconfived-plasma event may
be determuned.  Accordingly, appropriate actions may be taken 1o respounse to unconfined-plasma
events. Advantageously, damage to wafers and plasma processing equipment potentially caused
by repeated unconfined-plasma events may be prevented, and the processing vield may be
optimized.

{0086} Some embodiments mav provide further improvements and advantages
concerning signal fidelity and equipment protection, with reduced costs.  For example,
embodiments of the invention may shield the signal transmission path to mamtain signal strength
and to mininuze effects of external notse. Enmbodiments of the invention may nusimize DC
voltage build-up, thereby redocing/preventing leakage-induced errors and component damage.
Embodiments of the invention may also utilize simple RC filter implementation that can reject
noise over a wide range of frequencies. Advantageously, the implementation and maintenance
costs for the detection system may be minimized, and, with noise effectively filtered, accuracy
for detecting unconfined-plasnia events may be maxinuzed.

{00871 Embodiments of the invention may also provide self-test fearures 1o facilitate
troubleshooting of waconfined-plasma detection svsterus without interrupting the wafer
fabrication process. Advantageounsly, waler fabrication processes may be optimized against
unconfined-plasma events without compromising prodactivity,

[O08R] While this invention has been described in terms of several embodiments, there

are alterations, permutations, and equivalents, which fall within the scope of this mvention, It
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should also be noted that there are many altermative ways of implementing the methods and
apparatuses of the present wmvention. Furthermore, embodiments of the present inveniion may
find utility in other applications. The absiract section is provided herein for convenience and, due
to word count limitation, 18 accordingly written for reading conventence and should not be
employed to linnt the scope of the claims. s therefore intended that the following appended
claims be interpreted as including all such alterations, permuitations, and equuvalents as fall

within the frue spint and scope of the present invention,
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CLAIMS
What is claimed 1s:
1. A system for detecting unconfined-plasma events in a plasma processing chamber, the sysiem
COTRPTISIng:

a sensor configured to be disposed in the plasma processing chamber, the sensor
configured to provide g current when an unconfined plasma is present in the plasma processing
chamber;

a converter configured to convert the cutrent into a voltage:

a filter configured to remove noise from the voltage to provide a first signal;

a detector configured to use an input signal to determine presence of the unconfined
plasma, the input signal including at least one of the first signal and an amplified signal of the
first signal;

a conductor configured 1o couple the sensor and the converter, the conductor configured
to conduct the current from the sensor to the converter; and

a shield configured to enclose at least a portion of the conductor to at least reduce
electromagnetic noise received by the conductor.

2. The system of claim | wherein the shield is coupled with at least two electrical grounds.

3. The system of claim 1 further comprising a bleeding resistor configured to be coupled with the
conductor, the bleeding resistor configured to at least reduce voltage build-up m the converter.

4, The svsten of claim 1 further comprising:

a voltage-output resistor in the converter, the voltage configured to be provided from at
least an end of the voltage-output resistor;

a $eries capacitor;

a series resistor; and

a current source configured to be coupled with the voltage-cutput resistor through the
series capacitor and the series resistor, the current sourcs configured to provide a test signal fo
test at least a cirenit of the system,

S. The system of claim 1 further comprising two differentially coapled resistors confligured to
couple the converter and the filter.

6. The systenm of claim 1 further comprising:



WO 2009/100343 PCT/US2009/033408

a voltage-output resistor in the converter, the voltage configured to be provided from at
feast an end of the voliage-ouiput resistor;

a tirst differentially coupled resistor configured to couple a first end of the voltage-output
resistor with the filter; and

a second differentially coupled resistor configured to couple a second end of the voltage-
output resistor with the filter.
7. The svstem of claim 1 wherein the filter includes at least a resistor-capactor filler.
8. The system of clatm 7 wherein the resistor-capacitor filter includes at least a phurality of
cascaded filtering stages.
9. The svstemy of claim 1 wherein the filter includes at least

a first capacitor coupled with the converter through a first differentially connected
vesistor petwork of two differentially connected resistor networks, the Hrst capacttor configured
to shunt notse recetved from the converter to a frame ground of the plasma processing chamber;
and

a second capacitor coupled with the converter through a second differentially connected
resistor network of the two differentially connected resistor networks, the second capacitor
configured to shunt the noise received from the converter to the frame ground of the plasma
processing chamber,

wherein the first capacitor and the second capacitor operates cooperatively with the two
ditferentially connected resistor networks to reject cormmon-mode high frequency noise,
10, The system of claim 9 wherein the first capacitor and the second capacitor are coupled with
different grounds sharing a grounding strap.
T, The system of claim 9 wherein the first capacitor and the second capacitor are coupled with
different grounds having different grounding straps.
12. The system of claim 9 wherein the first frame ground and a frame ground used by the
converter have different grounding straps.
13, The system of claim 9 further comprising a third capacitor coupled with the first resistor and
the second resistor, the third capacitor configured 1o attenuate at least a differential mode noise

received from the converter.
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{4, The system of claim | further comprising a differential amplifier configured to amplify
output of the filier to provide the amplified signal of the signal, the differential amplifier coupled
with an analog signal ground.

i

(¥ 4]

The system of claim 1 wherein the detector includes at least

a positive comparator configured to recerve the detector mput signal;

a negative comparator configured to receve the detector fnput signal;

8 processor;

an AND gate configured to trigger the processor to start a timer if an active signal is
provided by at least one of the positive comparator and the negative comparator,

wherein the processor is configured to stop the timer if at least one of the positive
comparator and the negative comparator provides no active signal,

the processor 18 further configored to nse accumudated time measured by the timer to
determine a width of the signal, and
the processor s further configured use the width of the signal to determine the presence of the
unconfined plasma.

16. The system of claim 15 further comprising a peak detector configured to measwre 4 peak
value of a left-over noise in the detector input signal, wherain the peak value of the lefi-over
noise is used for adjusting one or more threshelds implemented 1 ai least one of the positive
comparator and the negative comparator.

17. The system of claim 13 wherein the processor is further configured to provide a self-test
signal to the converter.

18, A plasma processing system comprising;

a plasma processing chamber;

a capacitive-based sensor configured to be disposed in the plasmia processing chamber,
the capacitive-based sensor configured to provide a carrent when an unconfined plasma is
present in the plasma processing chamber;

a converter configared to convert the current mto a voltage;

a filter configured to remove at least a noise from the voltage to provide a first signal;

a detector configured to use a detector input signal 1o deternune presence of the
unconfined plasma, the detector mput signal incloding at least one of the first signal and an

ammplified level of the first signal;
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a conductor configured to couple the sensor and the converter, the conductor configured
to congdnct the carrent from the sensor to the converter; and

a shietd configured to enclose at least a portion of the conductor to at least reduce
glectromagnetic nose recetved by the conductor.

19, The plasma processing system of claim I8 further comprising:

a voltage-output resistor in the converter, the voltage configured to be provided from at
feast an end of the voliage-ouiput resistor;

a first differentially coupled resistor configured to couple a first end of the voltage-output
resistor with the filter;

a second differentially coupled resistor configured to couple a second end of the voltage-
output resistor with the filter;

a tirst capactior coupled with the converter through a first differentially connected
resistor network of two differentially coanected resistor networks, the first capacitor configured
to shunt poise recetved from the converter 1o a frame ground of the plasma processing chamber;
and

a second capactitor coupled with the converter through a second differentially connected
resistor network of the two differentially connected resistor networks, the second capacitor
configured to shunt the noise recetved from the converter to the frame ground of the plasma
processing chamber.

20, The plasma processing systern of ¢laim 19 farther comprising a third capacitor coupled with
the first differentially coupled resistor and the second differentially coupled resistor, the third

capacitor configured to attenuate at least a differential mode noise recetved from the converer.
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