
METHOD AND APPARATUS BY WHICH A HOME NETWORK CAN
DETECT AND COUNTERACT VISITED NETWORK INBOUND NETWORK
TRAFFIC REDIRECTION Related Applications [0001]This
application claims priority from United States
Provisional Patent Application Serial No. 60/662,028
entitled "Method and Apparatus for Defense Against
Defense Against Network Traffic Redirection" filed
March 15, 2005, and United States Provisional Patent
Application Serial No. 60/670,914, entitled "Method
and Apparatus for Redirection of Inbound Roamer
Traffic", filed April 12, 2005, and this application
is related to United States Patent Application Serial
Number 10/635,804 filed August 5, 2003, entitled
"Method and System for Cellular Network Traffic
Redirection," claiming priority from August 5, 2002.
Both of those patent applications are in their
entirety incorporated herein by this reference.
BACKGROUND Field of the Invention The present
invention relates to counteracting steering of inbound
roaming by a visited public mobile network. Background
of the Technology [0002]United States Patent
Application Number 20040087305 (publication number
10/635,804) entitled "Method and System for Cellular
Network Traffic Redirection" discloses a method within
a mobile telecommunications network such as a GSM
network environment, for redirecting a home network
(HPMN) operator's outbound roamers' traffic to
preferred visited networks or according to
distribution control of the home operator's
determination. An embodiment of that type of outbound
Traffic Redirection (TR) solution is based on MAP
signaling and is deployed on the network side that is
SIM independent and deals with handset idiosyncrasies.
Since the filing of that United States patent
application, dozens of (HPMN) operators have deployed
or are about to deploy that type of MAP
signaling-based network TR solution in their networks.
Furthermore, the GSM Association has also published
its guideline IR 73 regarding this type of traffic
redirection service termed as Steering of Roaming
(SoR).[0003]A provisional United States Provisional
Patent Application (publication number 60/670,914),
entitled "Method and Apparatus for Redirection of
Inbound Roamer Traffic" teaches a method by which a
visited mobile telecommunications network (VPMN) can
provide a form of inbound traffic redirection (ITR)
such that it can retain inbound roamers, or improve
its chances of preventing those inbound roamers from
unwittingly leaving that visited network and latching
on to a different visited network. [0004]Successful TR
or SoR, necessarily results in certain VPMN operators
losing lucrative inbound roaming traffic. Accordingly,
those visited network operators will become interested
in technological measures to combat TR. Provisional
United States Patent Application (publication number
60/662,030) entitled "Method and Apparatus for Defense
Against Network Traffic Redirection" and a
non-Provisional 



United States Patent Application based thereon filed
March 14, 2006 entitled "Anti- Traffic Redirection
System" teaches such a method of automatically
combating traffic redirection at the visited network.
The invention disclosed there serves to make an
inbound roamer's registration with the VPMN successful
by defeating both HPMN's attempt to engage in outbound
TR and a competitor VPMN's attempt to retain the
roamer by technological measures such as ITR.
Anticipating the need for VPMNs to use technological
measures to counter these attempts to oppose outbound
or inbound TR, provisional United States Patent
Application (publication number 60/662,031) entitled,
"Method and Apparatus for Defense Against Defense
Against Network Traffic Redirection," and a
non-Provisional United States Patent Application based
thereon filed March 14, 2006 entitled, "Method, System
and Computer Program Product for Countering
Anti-Traffic Redirection" teach such approaches for an
HPMN to counter possible anti-TR measures attempted by
an VPMN. [0005]Yet there is a need in the art for a
means by which a first VPMN can neutralize or defeat
the technological measures by which competing VPMNs
attempt to steer away, or retain inbound roaming
traffic in the face of that first VPMN's attempted
inbound traffic redirection. Summary [0006]To further
protect the HPMN operators' investment in TR, the
present invention provides a set of technological
measures by which a can counter anti-TR attempts by
undesired VPMNs in the coverage area of the HPMN's
desired VPMN. Thissolution detects and defends against
a VPMN operator's possible tactics to delay an inbound
roamer's attempt to leave the VPMN so to register
other networks within the same country as the VPMN. It
makes the following claims within the GSM network
environment 1. The general framework of using MAP
signaling to detect about the VPMN's ITR and so to
produce corresponding actions and reports 2. The
general framework of using MAP signaling to defend
against the VPMN's inbound TR [0007]Although GSM is
the underlying technology and focus, it is also
expected similar ideas can be easily transferred to
other technologies including without limitation CDMA,
WiFi, WiMax VoIP, GPRS or others. BRIEF DESCRIPTION OF
THE FIGURES [0008] Figure 1 illustrates an
architecture for anti-ITR in an in-signaling path
embodiment of the present invention. [0009] Figure 2
depicts another possible routing option under an
embodiment of the present invention that does not use
Translation Type (TT). [0010]Figure 3 depicts yet
another routing option under an embodiment using
translation type. [0011] Figure 4 depicts yet another
routing approach under an embodiment of the present
invention that does not use translation type. [0012]
Figure 5 depicts yet another routing approach under an
embodiment of the 



present invention that does use translation type.
[0013] Figure 6 depicts an exemplary anti-ITR signal
flow under the present invention to defend against the
ITR attack by a second VPMN. [0014] Figure 7 depicts
an exemplary signal flow of a genuine concurrent
registration under the present invention. DETAILED
DESCRIPTION OF THE INVENTION [0015]According to the
present invention, a solution for counteracting
visited network (VPMN) based inbound network traffic
redirection (hereinafter "anti-ITR") can be deployed
in the HPMN network within the signaling path, or in
other embodiments bymeans of a monitoring approach. It
can be implemented or deployed as an add-on module of
the in signaling-path based HPMN TR solution.
[0016]Figure 1 illustrates an architecture for
anti-ITR in an in-signaling path embodiment. In this
architecture, roaming SCCP messages including Location
Update Messages can be redirected thru the anti-ITR
100 by the HPMN Roaming STP 101 (Signal Transfer
Point) before messages reach HPMN HLR 102. To avoid
looping, any number of deployment options may be
suitable including without limitation: redundancy with
primary and secondary routing are possible
improvements on these options. [0017]Figure 2 depicts
another possible routing option under an embodiment of
the present invention that does not use Translation
Type (TT). In this embodiment, all SCCP messages with
CdPA Numbering Plan E214 and CgPA (calling party
address) from non-HPMN are sent to DPC (Destination
Point Code) of an anti-ITR 200 module, without
changing Routing Indicator (Rl) (which could normally
be Global Title (GT)-based.) When anti-ITR 200 sends
an SCCP message thru a roaming STP 201 to a real HPMN
HLR 202, it can use the MTP level routing to route the
SCCP message to HPMN HLR 202 without changing Rl.
[0018] Figure 3 depicts yet another routing option
under an embodiment using translation type. In this
embodiment, all SCCP messages with CdPA (Called-Party-
Address) Numbering Plan E214 and CgPA (Calling Party
Address) from a non- HPMN are sent to DPC (Destination
Point Code) of an anti-ITR module 300 with a new
destination translation type (e.g. 32) but without
changing Rl. When the anti-ITR 300 relays the message
back through a Roaming STP 301 , the new transaction
type 32 can be applied. In the new translation type
32, all SCCP messages with CdPA Numbering Plan E214
and CgPA from a non-HPMN can be sent to DPC
(Destination Point Code) of an HPMN HLR 301 with a
destination translation type 0/unknown but without
changing Rl. [0019]Similar approaches can be used to
route all SCCP messages with CgPA from an HPMN and
CdPA from a non-HPMN and NP being E614 by means of an
anti-ITR solution under the present invention. Figure
4 depicts yet another such approach without using
translation type, and Figure 5 depicts a possible
embodiment that does use translation type. [0020]Note
that the SCCP re-routing options do not necessarily
require the rerouting 



of SCCP messages of E164 CdPA from HPMN to non-HPMN
thru an anti-ITRmodule if the SCCP messages from HPMN
to VPMN at the roaming links are monitored. Therefore,
use of a monitoring option is depicted in the anti-ITR
network architecture. [0021]But whichever of the
foregoing or other possible deployment options are
applied, an anti-ITR solution under the present
invention normally would receive an outbound roamer's
Location Update transactions (including
acknowledgement and cancel location from HPMN HLR to
VPMN VLR) between VPMN and HPMN. [0022]To the extent a
roamer still succeeds in registering on ITR applying
VPMN network after an HPMN anti-ITR solution, then the
other HPMN can deduce the failure of its HPMN anti-ITR
solution and the success of the VPMN ITR solution. If
the roamer failed to register on the VPMN network
after the anti-ITR solution, then HPMN can deduce the
success of the HPMN anti-ITR solution and the failure
of the VPMN ITR solution. [0023]Based on these types
of deductions and subsequent success or failure of
HPMN anti-ITR, HPMN can produce all kinds of reports
including without limitation signaling load overhead,
anti-ITR success/failure, percentage of redirected
outbound roaming traffic and many other reports of
concern to an HPMN or others interested in monitoring
or thwarting inbound traffic redirection. [0024] It is
conceivable that agreements among internationally
diverse operators, or initiatives by industry groups
such as the GSM Association, or even local laws or
regulations could be taken to oppose or even outlaw
inbound traffic redirection. The anti-ITR solutions of
the present invention can be applied to enforce those
initiatives by defeating inbound traffic redirection.
As the above example indicates, even to the extent
that these solutions fail to defeat inbound traffic
redirection, they still may be applied to monitor the
occurrence of inbound traffic redirection and send
reports to the regulatory bodies, industry
associations, or international operators concerned
with such violations or use of inbound traffic
redirection. [0025]One key aim of the proposed
anti-ITR solutions under the present invention is to
hold the MAP Location Update message (when routed thru
an anti-ITR solution) regarding an HPMN outbound
roamer from a new VPMN (say, VPMN 2) when that roamer
is already in the middle of a new location update in
another VPMN (say, VPMN 1) and the new VPMN (VPMN 2)
has just been canceled with respect to the same
roamer. Only if the earlier location update is
observed (via rerouting or monitoring) to be aborted
or ended with error (System failure, unexpected
datavalue, missing parameter etc) or timed-out without
completing the transaction, then the currently-held
location update of that roamer on the new VPMN can be
allowed to proceed through its normal routing to the
HLR. Otherwise the held MAP location update could
either be aborted or timed-out or rejected with error
(System failure, unexpected data value etc) against
the new VPMN (VPMN 2). [0026]Note that if the earlier
location update with the other VPMN (VPMN 1) is
successful, then the held location update message
would not normally be relayed to the HPMN HLR. Note
also that anti-ITR under the present invention need
not hold a 



location update message regarding an HPMN roamer from
a VPMN if an earlier location message is already
completed (for instance, whether there is an abort or
a location update response irrespective of error or
not). Neither would anti-ITR under the present
invention necessarily hold a location update message
regarding an HPMN roamer from a VPMN that has not been
previously cancelled on the same roamer. [0027] Figure
6 depicts an exemplary anti-ITR signal flow under the
present invention to defend against the ITR attack by
VPMN 2. 1. Here, an outbound roamer registered with
VPMN 2 is registering with a VPMN 1 VLR 600. 2. VPMN 1
VLR 600 sends LUP to a HPMN HLR 603 (redirected thru
the HPMN anti-ITR 602). An HPMN Anti-ITR 602 noted
that this LUP transaction is not completed yet 3. HPMN
HLR 603 sends cancel location to the VPMN 2 VLR/ITR
601 (redirected thru or monitored by the HPMN anti-ITR
602). The HPMN anti-ITR 602 noted the VPMN 2 to where
the cancel-location is sent. 4. VPMN 2 ITR 601
solution fakes a location update as if the roamer were
back in VPMN 2. HPMN anti-ITR 602 holds the LUP
message from VPMN 2 because HPMN is still in the
middle of the LUP transaction with VPMN 1 regarding
the same roamer and the LUP comes from the VPMN that a
cancellocation has just been sent to on the same
roamer 5. HPMN HLR 603 sends ISD to the VPMN 1 VLR 600
(redirected thru or monitored by the HPMN anti-ITR
602) 6. VPMN 1 VLR 600 sends ISD ack back to the HPMN
HLR 6037. HPMN HLR 603 sends LUP ACK to the VPMN 1 VLR
600 (redirected thru or monitored by the HPMN anti-ITR
602). HPMN Anti-ITR 602 notes that the VPMN 1 LUP
transaction is completed 8. HPMN anti-ITR 602 sends
LUP error on the held VPMN 2 LUP to VPMN 2 VLR/ITR 601
[0028] Figure 7 depicts an exemplary signal flow of a
genuine concurrent registration under the present
invention. 1. Here, an inbound roamer registered with
VPMN 2 is registering with VPMN 1. 2. VPMN 1 VLR 700
sends LUP to HPMN HLR 703 (redirected thru a HPMN
anti-ITR 702). HPMN Anti-ITR 702 noted this
transaction is not completed yet 3. HPMN HLR 703 sends
cancel location to VPMN 2 VLR/ITR 701 (redirected thru
or monitored by the HPMN anti-ITR 702). HPMN anti-iTR
702 notes the VPMN 2 to which the cancel-location is
sent. 4. VPMN 2 VLR 701 sends a genuine a location
update because the roamer is immediately back in VPMN
2. HPMN anti-ITR 702 holds the LUP message from VPMN 2
because HPMN is still in the middle of the LUP
transaction with VPMN 1 on the same roamer and the LUP
comes from the VPMN that a cancel-location has just
been sent to on the same roamer 



5. HPMN HLR 703 sends LUP reject error to VPMN 1 VLR
700 (redirected thru or monitored by the HPMN anti-ITR
702). HPMN Anti-ITR 702 notes that the VPMN 1 LUP
transaction is completed with error. HPMN anti-ITR 702
then relays the held VPMN 2 LUP to HPMN HLR 703 6.
HPMN HLR 703 sends ISD (redirected thru or monitored
by the HPMN anti- ITR 702) to VPMN 2 VLR 701 7. VPMN 2
VLR 701 sends ISD ack to HPMN HLR 703 8. HPMN HLR 703
sends LUP ack (redirected thru or monitored by the
HPMN anti-ITR 702) to VPMN 2 VLR 701 Other Variations
[0029] Provided above for the edification of those of
ordinary skill in the art, and not as a limitation on
the scope of the invention, are detailed illustrations
of a scheme for generating and provisioning the CSI of
the outbound roamer in a wireless communication
network, who has moved onto a VPMN and is detected as
beingregistering with the VPMN. Numerous variations
and modifications within the spirit of the present
invention will of course occur to those of ordinary
skill in the art in view of the embodiments that have
now been disclosed. For example, while in the
described embodiments, the present invention is
implemented primarily from the point of view of GSM
mobile networks, the present invention may also be
effectively implemented on CDMA, 3G, WCDMA, GPRS,
etc., or any other network of common carrier
telecommunications in which end users are normally
configured to operate within a "home" network to which
they normally subscribe, but have the capability of
also operating on other neighboring or remote visited
networks. [0030]The examples under the present
invention, detailed in the illustrative examples
contained here, are described using terms and
constructs drawn largely from GSM mobile telephony
infrastructure. However, use of these examples should
not be interpreted to limiting the invention to those
media. The capabilities of the visited or
non-accustomed network can be of use and provided
through any type of telecommunications medium,
including without limitation: (i) any mobile telephony
network including, without limitation, GSM, 3GSM, 3G,
CDMA, WCDMA or GPRS, satellite phones or other mobile
telephone networks or systems; (ii) any so-called WiFi
apparatus normally used in a home or subscribed
network, but also configured for use on a visited or
non-home or non-accustomed network, including
apparatus not dedicated to telecommunications such as
personal computers, Palm-type or Windows Mobile
devices; (iii) an entertainment console platform such
as Sony Playstation, PSP or other apparatus that are
capable of sending and receiving telecommunications
over home or non-home networks, or even (iv)
fixed-line devices made for receiving communications,
but capable of deployment in numerous locations while
preserving a persistent subscriber id such as the
eye2eye devices from Dlink; or telecommunications
equipment meant for voice over IP communications such
as those provided by Vonage or Packetd.Technical
references GSM 902, Q71X, Q70X, Q77X, 



GSM 111 1 GSM 1114 IR 73 Steering of Roaming GSM
348SecurityOTA, GSM 31048SecurityOTA, GSM 231
19GatewayLocationRegister, GSM 408MobileARadio GSM
23122MobileStattionProcedure GSM 24008MobileRadio,
GSM2201 IServiceAccessiblity GSM25304ldleModeSelection
GSM2901 OErrorNetworkMpping GSM
29002MAPAbbreviationsPLASMA CONFINEMENT RING
ASSEMBLIES HAVING REDUCED POLYMER DEPOSITION
CHARACTERISTICS BACKGROUND [0001] Plasma processing
chambers can include an upper electrode and a lower
electrode. The upper electrode typically faces a
substrate support adapted to support a semiconductor
substrate during plasma processing. During the plasma
processing, power is supplied to one or both
electrodes to activate the process gas and produce the
plasma to process the substrate. [0002] Plasma etching
can be performed in plasma processing chambers to etch
selected materials provided as layers on a
semiconductor substrate. The processing conditions are
chosen so that the plasma etches desired features in
selected portions of the layers. SUMMARY [0003] A
preferred embodiment of a plasma confinement ring
assembly for a plasma processing chamber comprises a
plurality of plasma confinement rings. Each of the
plasma confinement rings includes an inner portion
having a plasma-exposed inner diametric surface, an
outer portion disposed radially outwardly from the
inner portion, and at least one thermal choke. The
thermal choke is adapted to reduce heat conduction
from the inner portion to the outer portion when the
inner diametric surface is exposed to plasma in the
plasma processing chamber. As a result, the inner
diametric surface reaches a sufficiently high
temperature to substantially prevent polymer
deposition thereon. [0004] Another preferred
embodiment of a plasma confinement ring assembly for a
plasma processing chamber comprises a mounting ring
and a plurality of plasma confinement rings adapted to
be suspended below the mounting ring. The plasma
confinement rings comprise an upper plasma confinement
ring and a plurality of lower plasma confinement
rings. The upper plasma confinement ring includes a
top surface facing the mounting 



ring and a plasma-exposed bottom surface disposed
radially inward from thesecond plasma confinement
rings. At least a portion of the top surface of the
upper plasma confinement ring is opaque to IR
radiation so as to enhance heating of the upper plasma
confinement ring. As a result, the bottom surface
reaches a sufficiently high temperature to
substantially prevent polymer deposition thereon when
the bottom surface is exposed to the plasma. [0005] A
preferred embodiment of a method of processing a
semiconductor substrate in a plasma processing chamber
comprises supplying a process gas into a plasma
processing chamber comprising a plurality of plasma
confinement rings, which each include a plasma-exposed
surface; and producing a plasma from the process gas
and etching a semiconductor substrate in the plasma
processing chamber. During the etching, the
plasma-exposed surfaces of the plasma confinement
rings reach a sufficiently high temperature to
substantially prevent polymer deposition thereon.
BRIEF DESCRIPTION OF THE DRAWING FIGURES [0006] FIG. 1
illustrates a portion of a preferred embodiment of a
plasma confinement ring assembly. [0007] FIG. 2
illustrates a top plan view of a portion of a
preferred embodiment of a plasma confinement ring of
the plasma confinement ring assembly, wherein the ring
includes a thermal choke. [0008] FIG. 3 is an enlarged
partial top view of the plasma confinement ring shown
in FIG. 2. [0009] FIG. 4 illustrates a side view of
another preferred embodiment of a plasma confinement
ring of the plasma confinement ring assembly, which
has a two-piece construction. [0010] FIG. 5
illustrates a plasma processing chamber including a
preferred embodiment of the plasma confinement ring
assembly. [001 1] FIG. 6 depicts an embodiment of the
plasma confinement ring assembly without thermal
chokes that was used in Examples 1 and 2.[0012] FIG. 7
depicts an embodiment of the plasma confinement ring
assembly including thermal chokes that was used in
Example 3. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS [0013] Parallel-plate plasma processing
chambers, such as capacitivelycoupled chambers,
include an upper electrode, such as a showerhead
electrode, and a lower electrode. The upper electrode
typically faces a semiconductor substrate to be
processed. During the plasma processing, power is
supplied to one or both electrodes to activate the
process gas and produce the plasma to process the
substrate. [0014] Interior surfaces of such plasma
processing chambers can be powered surfaces (e.g., "RF
hot surfaces"), grounded surfaces, or floating
surfaces (comprised of insulating materials).
Different energy is supplied to, 



or impinges, on these different types of surfaces
during plasma processing. Particularly, heating of a
chamber part in a parallel-plate plasma processing
chamber depends upon the ion energy and the ion flux
supplied to the part's exposed surfaces, and on the
infrared (IR) energy absorption characteristics of the
part. Grounded (return path) surfaces and powered
surfaces receive significant ion energy from plasma,
which causes these surfaces to be heated more than
floating parts or surfaces, and also to reach
significantly different temperatures. [0015]
Highly-polymerizing process gas chemistries, such as
process gases containing fluorocarbons,
hydrofluorocarbons, or precursors of such gases, can
be used to etch dielectric materials, such as silicon
oxide. During such plasma etch processes, polymer
tends to deposit on some internal surfaces of the
plasma processing chamber. The polymer deposits are
undesirable because they can flake off of the surfaces
and contaminate processed substrates (e.g., processed
wafers), as well as the chamber. However, as device
features continue to shrink, it becomes increasingly
desirable to maintain plasma-exposed chamber surfaces
clean from waferto- wafer to achieve repeatable
process results. Accordingly, it is desirable
toreduce, and preferably to avoid, such polymer
deposits on internal surfaces of chamber parts. [0016]
Generally, polymer deposits are more likely to form on
cooler plasma-exposed surfaces of the plasma
processing chamber during plasma processing
operations. Floating surfaces tend to be cooler
surfaces and consequently are generally more prone to
develop polymer buildup on them as compared to powered
or grounded surfaces. The temperature increase, DT, of
a plasma-exposed part or surface during plasma
processing depends on the amount of heat, Q, added to
the part or surface, and the mass, m, and the specific
heat, c, of the part; according to the following
relationship: Q = mcDT. Accordingly, for a given
amount of heat added to a part, increasing the part
mass decreases the increase in temperature of the
part. Consequently, a part having a high mass may not
reach a sufficiently high temperature during plasma
processing to avoid polymer deposition on plasma
exposed surfaces of the part. Increasing the heat
capacity of a part also decreases the temperature
reached by the part for a given amount of heat added
to the part. [0017] In addition, during plasma
processing, heat can be transferred to and/or from a
part to other chamber surfaces by thermal conduction
(when the part is in physical contact with another
surface), radiation (when electromagnetic waves carry
heat to and/or from the part) and convection (when
heat is carried by a moving fluid in the chamber).
Convective heat losses from parts increase with
increasing chamber pressure. [0018] The problem of
polymer deposition on plasma-exposed surfaces of 



some parts in plasma processing chambers can be
addressed by actively heating the part(s). For
example, chamber walls can be heated to keep their
plasma-exposed interior surface(s) at a sufficiently
high temperature to avoid polymer deposition on the
surface(s). Active temperature control of showerhead
electrode assemblies and electrostatic chucks can also
be used. However, as such surfaces are powered or
grounded and consequently subject to high ion energy,
polymer deposition on thesesurfaces is less likely to
occur than on a floating surface even without active
heating of the surfaces. [0019] Alternatively, the
polymer deposition problem can be addressed by
removing as-formed polymer deposits from surfaces. For
example, polymer deposits can be removed by employing
aggressive plasma chemistries. Alternatively, the
plasma chamber can be opened and a wet cleaning
technique can be used to remove polymer deposits from
chamber surfaces. However, such cleaning techniques
reduce process throughput. [0020] In order to achieve
desirable process efficiency and etch uniformity,
plasma can be confined within a plasma confinement
zone defined between the upper and lower electrodes of
a parallel-plate plasma processing chamber. Plasma
confinement ring assemblies can be used to provide
such plasma confinement. Exemplary plasma confinement
ring assemblies are disclosed in commonly-owned U.S.
Patent Nos. 5,534,751 ; 5,998,932; 6,019,060;
6,178,919 and 6,527,91 1, each of which is
incorporated herein by reference in its entirety. As
described in U.S. Patent No. 5,534,751 , a plasma
confinement ring assembly can include a plurality of
plasma confinement rings, which are arranged in a
stack to define a plurality of gas passages extending
radially through the rings from an inner to an outer
surface. Charged particles in the plasma are
neutralized as the particles pass through the
passages, thereby minimizing the tendency for a
discharge outside the plasma confinement zone (i.e.,
"unconfinement" of the plasma). [0021] As also
described in U.S. Patent No. 5,534,751 , plasma
confinement ring assemblies may confine polymer
deposition during plasma etch processes to only the
plasma confinement rings themselves. However, it is
desirable to avoid such polymer deposition on the
confinement rings in order to avoid potential chamber
and substrate contamination problems, as well as to
avoid additional chamber cleaning steps to remove
as-formed polymer deposits from the plasma confinement
rings. [0022] In light of the above-described polymer
deposition problem, it has been determined that plasma
confinement ring assemblies can be providedthat
include confinement rings adapted to reach
sufficiently high temperatures on plasma-exposed
surfaces of the rings to avoid polymer deposition on
those surfaces, without employing active heating of
the surfaces. More particularly, the plasma
confinement rings are adapted to 



localize heating at selected portions of the rings
that include the plasma exposed surfaces. Heating is
localized at these selected portions by providing one
or more thermal chokes in each of the rings at
selected locations to thereby reduce heat conduction
from those portions to other portions of the rings
that otherwise act as heat sinks in confinement rings
without the thermal chokes. [0023] FIG. 1 depicts a
preferred embodiment of a plasma confinement ring
assembly 10. The plasma confinement ring assembly 10
comprises, in a concentric arrangement, a mounting
ring 12 and plasma confinement rings 14, 16, 18 and 20
suspended from the mounting ring 12. The mounting ring
12 and plasma confinement rings 14, 16, 18 and 20 are
vertically-movable to provide adjustment. The number
of plasma confinement rings of the assembly is not
limited to four rings, as shown; alternatively, there
can be less than four rings, e.g., three rings, or
more than four rings, e.g., five, six or more rings.
[0024] The mounting ring 12 and the plasma confinement
rings 14, 16, 18 and 20 are floating parts comprised
of a suitable electrically insulating material
(dielectric). The insulating material can be, for
example, quartz, fused silica, silicon nitride,
alumina, or a plastic material. High-purity quartz is
a preferred material for use in etch processes for
dielectric materials. In the embodiment, the mounting
ring 12 and each of the plasma confinement rings 14,
16, 18 and 20 are of a single piece of the insulating
material. [0025] As shown in FIG. 1, the plasma
confinement rings 14, 16, 18 and 20 are connected to
the mounting ring 12 by a hanger 22 configured to
extend through holes 24 in each of the plasma
confinement rings 14, 16, 18 and 20. An insert 26 is
preferably provided in each hole 24 to prevent direct
contact between the hanger 22 and the plasma
confinement rings 14, 16, 18 and 20. A spring 28 is
preferably provided on an inner shaft 30 of thehanger
22 to resiliently bias the hanger 22 with respect to a
fitting 32 on the hanger 22. [0026] For etching round
semiconductor substrates, such as wafers, the plasma
confinement rings 14, 16, 18 and 20 include an inner
diametric surface 34, 36, 38 and 40, respectively, and
an outer diametric surface 42, 44, 46 and 48,
respectively. The inner diametric surfaces 34, 36, 38
and 40 are plasma-exposed surfaces. As shown in FIG.
1, the uppermost plasma confinement ring 14 has a
greater width in the radial direction than the plasma
confinement rings 16, 18 and 20. As also shown, the
inner diametric surfaces 36, 38 and 40 of the
respective plasma confinement rings 16, 18 and 20 are
preferably vertically aligned. [0027] The inner
diametric surface 34 of the plasma confinement ring 14
is preferably vertically aligned with the inner
diametric surface 50 of the mounting ring 12. By this
arrangement, the plasma confinement ring 14 



overlies the bottom surface 52 of the mounting ring
12. It has been determined that due to the relatively
large thermal mass of the mounting ring 12, without
the plasma confinement ring 14, the bottom surface 52
of the mounting ring 12 does not reach a sufficiently
high temperature to prevent polymer deposition on the
bottom surface 52 during plasma processing. By
incorporating the plasma confinement ring 14 separated
from the bottom surface 52, the bottom surface 52 is
protected from exposure to plasma and polymer
deposition on the bottom surface 52 is preferably
minimized. [0028] In the embodiment, the plasma
confinement rings 14, 16, 18 and 20 include thermal
chokes 54, 56, 58 and 60, respectively. Heat is
supplied to the plasma confinement rings 14, 16, 18
and 20 by plasma and other heating effects during
plasma etching processes. The thermal chokes 54, 56,
58 and 60 reduce heat conduction in the radial outward
direction from the locations of the thermal chokes 54,
56, 58 and 60, to thereby enhance heating of the inner
portion of the respective plasma confinement rings 14,
16, 18 and 20 defined between the thermal chokes 54,
56, 58 and 60 and the inner diametric surfaces 34, 36,
38 and 40, respectively. Consequently, each of the
inner diametric surfaces 34, 36, 38 and 40 preferably
reaches asufficiently high temperature to
substantially prevent polymer deposition on these
surfaces during plasma processing. [0029] FIGs. 2 and
3 depict a portion of a preferred embodiment of a
plasma confinement ring 120 including a thermal choke
160. In the embodiment, the mounting ring and/or one
or more of the other plasma confinement rings of the
plasma confinement ring assembly can also include a
thermal choke configured as shown in FIGs. 2 and 3.
[0030] The illustrated thermal choke 160 comprises a
plurality of inner slots 161 arranged in a
discontinuous first circular pattern, and a plurality
of outer slots 163 spaced outwardly from the inner
slots and arranged in a concentric discontinuous
second circular pattern. Adjacent inner slots 161 are
separated by inner regions 165, and adjacent outer
slots 163 are separated by outer regions 167. As shown
in FIG. 2, the inner regions 165 and outer regions 167
are offset from each other around the plasma
confinement ring 120. The inner slots 161 and the
outer slots 163 preferably extend completely through
the thickness of the plasma confinement ring 120. This
construction and placement of the thermal choke 160
reduces radial heat transfer to the outer portion 169
of the plasma confinement ring 120, such that the
inner diametric surface 140 reaches a sufficiently
high temperature to substantially prevent polymer
deposition on this surface during plasma processing.
[0031] The inner slots 161 and outer slots 163
preferably have a width of from about 0.005 inch to
about 0.020 inch. In a preferred embodiment, the inner
slots 161 and 163 are formed by a laser ablation
technique. 



[0032] In another preferred embodiment, one or more of
the plasma confinement rings of the plasma confinement
ring assembly 10 has a multipiece construction. For
example, the embodiment of the plasma confinement ring
220 shown in FIG. 4 has a two-piece construction and
comprises an inner ring portion 221 and an outer ring
portion 223. The inner ring portion 221 includes a
plasma-exposed inner diametric surface 240. The inner
ring portion 221 and the outer portion 223 are
preferably comprised of the same insulating
material.[0033] In the plasma confinement ring 220,
the inner ring portion 221 and outer ring portion 223
are configured to minimize contact between surfaces of
the inner ring portion 221 and the outer ring portion
223 at the region 227 (which contact occurs due to
gravity). At least one gap is defined between opposed
surfaces of the inner ring portion 221 and outer ring
portion 223. In the embodiment, the gaps 225 act as
thermal chokes. By this construction of the plasma
confinement ring 220, heat conduction from the inner
ring portion 221 to the outer ring portion 223 occurs
only at the region 227 where there is surface contact
when the inner diametric surface 240 of inner ring
portion 221 is exposed to plasma. Consequently, the
inner diametric surface 240 can reach a sufficiently
high temperature to substantially prevent polymer
deposition on the surface. [0034] In a preferred
embodiment, at least one surface of one or more of the
plasma confinement rings of the plasma confinement
ring assembly can be roughened and/or coated with a
material that is opaque to IR (infrared) radiation and
can block transmission of the IR radiation. In the
embodiment, IR radiation incident on the confinement
ring is transmitted through the body of the
confinement ring, but is blocked by the roughened
and/or coated surface. For example, the confinement
ring can be comprised of quartz, or another IR
transparent insulting material. By blocking the IR
radiation, heating of a selected portion of the
confinement ring partially defined by the roughened
and/or coated surface is enhanced. [0035] Selected
surfaces of the plasma confinement rings can be
roughened by a suitable technique, such as shot
peening or by machining the surface using a diamond
tool that produces a pitted surface. The surfaces can
be coated with a suitable IR opaque material. Surfaces
that are not exposed to plasma can be coated with
alumina. [0036] For example, as shown in FIG. 1, the
upper surface 62 of the plasma confinement ring 14 can
be roughened and/or coated with an IR opaque material
in the region between the inner diametric surface 34
and the thermal choke 54. Consequently, IR radiation
incident on the lower surface 64 and/or inner
diametric surface 34 of the plasma confinement ring14
is blocked by the roughened and/or coated upper
surface 62, which thereby enhances heating of the
portion of the plasma confinement ring 14 between the
inner diametric surface 34 and the thermal choke 54.
As the 



surface 64 is not directly exposed to plasma, the IR
opaque material can be of a material, such as alumina,
that is not preferred for use on plasmaconfining
surfaces. [0037] In another preferred embodiment,
selected surfaces that define the slots formed in the
plasma confinement rings can be roughened and/or
coated with a material that is opaque to IR radiation.
For example, in the embodiment of the plasma
confinement ring 120 shown in FIGs. 2 and 3, at least
one of the surfaces 169 and 171 can be roughened
and/or coated with an IR opaque material to block
transmission of IR radiation to affect further heating
of the inner diametric surface 140. [0038] FIG. 5
depicts an exemplary embodiment of a
capacitively-coupled plasma processing chamber 300 in
which the plasma confinement ring assembly 10 is
mounted. The plasma processing chamber 300 includes an
upper electrode 302 having a bottom surface 304. In
the embodiment, the bottom surface 304 includes a step
306 adapted to control a localized density of the
plasma formed adjacent the exposed surface of the
upper electrode 302, as described in U.S. Patent No.
6,391 ,787, which is incorporated herein by reference
in its entirety. In the embodiment, the upper
electrode 302 is a showerhead electrode including gas
passages 308 arranged for distributing process gas
into the plasma processing chamber 300. The upper
electrode 302 can be comprised of silicon (e.g.,
single crystal silicon or polycrystalline silicon) or
silicon carbide. [0039] In the embodiment, the upper
electrode 302 is a single-piece electrode (e.g., for
200 mm wafer processing). The upper electrode 302 is
preferably mounted (e.g., elastomer bonded) to a
backing member 310 of a suitable material, such as
graphite or silicon carbide. The backing member
includes gas passages 312 in fluid communication with
corresponding gas passages 308 in the upper electrode
302.[0040] In another embodiment, the upper electrode
can have a two-piece construction (e.g., for 300 mm
wafer processing) and include a single-piece inner
electrode member and an outer electrode member
surrounding the inner electrode member, such as
described in commonly-owned U.S. Patent Application
No. 10/743,062, which is incorporated herein by
reference in its entirety. In the embodiment, the
backing member preferably includes a backing plate
co-extensive with the inner electrode member and a
backing ring co-extensive with the outer electrode
member, as described in U.S. Patent Application No.
10/743,062. [0041] In the embodiment of the plasma
processing chamber 300 shown in FIG. 5, a thermal
control plate 314 is preferably provided on the
backing member 310. The thermal control plate 314
preferably includes one or more heaters adapted to
control the temperature of the upper electrode 302, as
described in U.S. Patent Application No. 10/743,062. 



[0042] The plasma processing chamber 300 includes a
gas source (not shown) for supplying process gas to
the upper electrode 302. The process gas is
distributed in the chamber by the gas passages 308 in
the upper electrode 302. The upper electrode 302 can
be powered by an RF power source 316 via a matching
network. In another embodiment, the upper electrode
302 can be electrically grounded to provide a return
path for power supplied by a bottom electrode of the
substrate support 320 of the plasma processing chamber
300. [0043] In the embodiment, process gas is supplied
into the plasma processing chamber 300 at the plasma
generation region in the space between the upper
electrode 302 and a semiconductor substrate 322, e.g.,
a semiconductor wafer, supported on a substrate
support 320. The substrate support 320 preferably
includes an electrostatic chuck 324 that secures the
semiconductor substrate 322 on the substrate support
by an electrostatic clamping force. The electrostatic
chuck 324 acts as a bottom electrode and is preferably
biased by at least one of the RF power sources 326,
327 (typically via a matching network).[0044] During
plasma processing of the semiconductor substrate 322,
the plasma confinement ring assembly 10 confines
plasma in a plasma confinement zone between the upper
electrode 302 and the semiconductor substrate 322.
Edge rings 326, 328 are preferably arranged in
surrounding relationship to the semiconductor
substrate 322 to focus the plasma so as to improve
etch uniformity. [0045] A vacuum pump (not shown) is
adapted to maintain a desired vacuum pressure inside
the plasma processing chamber 300. [0046] An exemplary
parallel-plate plasma reactor that can be used is a
dual-frequency plasma etch reactor (see, e.g.,
commonly-owned U.S. Patent No. 6,090,304, which is
hereby incorporated by reference in its entirety). In
such reactors, etching gas can be supplied to a
showerhead electrode from a gas supply and plasma can
be generated in the reactor by supplying RF energy at
different frequencies from two RF sources to the
showerhead electrode and/or a bottom electrode.
Alternatively, the showerhead electrode can be
electrically grounded and RF energy at two different
frequencies can be supplied to the bottom electrode.
[0047] Example 1 [0048] In Example 1, a plasma
confinement ring assembly 400 as shown in FIG. 6 was
used in a parallel-plate, capacitively-coupled plasma
processing chamber. As shown, the plasma confinement
ring assembly 400 generally has the same construction
as the assembly 10 shown in FIG. 1; however, the
plasma confinement rings 414, 416, 418 and 420 do not
include thermal chokes. The plasma confinement rings
were of quartz. [0049] In Example 1, the following
dielectric etch process conditions were 



used to process 85 wafers: 45 mT chamber pressure/1
100 W power at a frequency of 2 MHz applied to bottom
electrode/800 W power at a frequency of 60 MHz applied
to bottom electrode/300 seem argon/15 seem C F8ZIO
seem 0 2/upper electrode temperature of 140C/bottom
electrode temperature of 2O0C. An oxygen cleaning step
was performed after etching each wafer using the
following process conditions: 500 mT chamber
pressure/200 W power at a frequency of 27 MHz applied
to bottomelectrode/300 W power at a frequency of 60
MHz applied to bottom electrode/2000 seem O2/40
seconds. [0050] As shown in FIG. 6, temperatures were
measured using thermocouples attached at location A on
the bottom surface 452 of the mounting ring 412,
location B on the top surface of the confinement ring
414, location C at the top surface of the confinement
ring 416, and location D at the top surface of the
confinement ring 420. [0051] The following
temperatures were measured at these locations during
the plasma processing: location A - about 66C/location
B - about 1100C to about 116C/location C - about
82C/location D - about 82C to about 1040C. Following
etching of the wafers, the plasma processing chamber
was opened and the confinement ring assembly 400 was
visibly examined for the presence of polymer
deposition. No polymer deposition was observed on the
plasma confinement ring 414. However, polymer
deposition was observed on the plasma-exposed, inner
diametric surfaces 436, 438 and 440 of the plasma
confinement rings 416, 418 and 420, indicating that
these surfaces did not reach a sufficiently high
temperature to prevent polymer deposition. [0052]
Example 2 [0053] Example 2 used the plasma confinement
ring assembly 400 shown in FIG. 6 in a parallel-plate,
capacitively-coupled plasma processing chamber to etch
100 wafers using the following dielectric etch process
conditions: 45 mT chamber pressure/1 100 W power at a
frequency of 2 MHz applied to bottom electrode/800 W
power at a frequency of 60 MHz applied to bottom
electrode/300 seem argon/28 seem C4F8/13 seem 0
2/upper electrode temperature of 140C/bottom electrode
temperature of 2O0C. An oxygen cleaning step was
performed after etching each wafer using the following
process conditions: 500 mT chamber pressure/250 W
power at a frequency of 27 MHz applied to bottom
electrode/125 W power at a frequency of 60 MHz applied
to bottom electrode/2000 seem O2/40 seconds.[0054]
Following etching of the wafers, the plasma processing
chamber was opened and the confinement ring assembly
400 was visibly examined for the presence of polymer
deposition. No polymer deposition was observed on the
plasma confinement ring 414. However, polymer
deposition was observed on the plasma-exposed, inner
diametric surfaces 436, 438 



and 440 of the plasma confinement rings 416, 418 and
420, indicating that these surfaces did not reach a
sufficiently high temperature to prevent polymer
deposition. [0055] Example 3 [0056] In Example 3, a
plasma confinement ring assembly 500 as shown in FIG.
7 was used in a parallel-plate, capacitively-coupled
plasma processing chamber. As shown, the plasma
confinement ring assembly 500 has the same
construction as the assembly 10 shown in FIG. 1, and
includes thermal chokes 554, 556, 558 and 560 on the
respective plasma confinement rings 514, 516, 518 and
520. The thermal chokes 554, 556, 558 and 560 were
slots formed in a concentric, discontinuous circular
arrangement, such as shown in FIG. 2. The slots had a
width of from about 0.010 inch to about 0.015 inch and
extended through the thickness of the plasma
confinement rings 514, 516, 518 and 520. [0057] In
Example 3, the same etch process conditions that were
used in Example 2 were used to process 100 wafers.
[0058] As shown in FIG. 7, temperatures were measured
using thermocouples attached at location A on the
bottom surface 552 of the mounting ring 512; location
B on the top surface of the confinement ring 514,
inwardly from the thermal choke 554; location C at the
top surface of the confinement ring 514, outwardly
from the thermal choke 554; location D at the top
surface of the confinement ring 516, inwardly of the
thermal choke 556; and location E at the top surface
of the confinement ring 516, outwardly from the
thermal choke 556. The following temperatures were
measured at these locations: location A - about 7 10C
to about 77C /location B - about 127C to about
132C/location C - about 7 10C to about 77C /location D
- about 1160C to about 143C/location E - about 77C to
about 82C.[0059] Following etching of the wafers, the
plasma processing chamber was opened and the
confinement ring assembly 500 was visibly examined for
the presence of polymer deposition. No polymer
deposition was observed on the plasma confinement ring
514 or on the plasma-exposed, inner diametric surfaces
536, 538 and 540 of the plasma confinement rings 516,
518 and 520, indicating that these surfaces reached a
sufficiently high temperature to prevent polymer
deposition. [0060] Referring to FIG. 1, the
above-described test results demonstrate that by
incorporating the uppermost extended plasma
confinement ring 14 in the plasma confinement ring
assembly, polymer deposition on the thick mounting
ring 12 can preferably be prevented. In addition, by
providing one or more thermal chokes in the plasma
confinement rings 14, 16, 18 and 20, polymer
deposition on plasma exposed surfaces of the rings can
preferably be prevented. [0061] The foregoing has
described the principles, preferred embodiments 



and modes of operation of the present invention.
However, the invention should not be construed as
being limited to the particular embodiments discussed.
Thus, the above-described embodiments should be
regarded as illustrative rather than restrictive, and
it should be appreciated that variations may be made
in those embodiments by workers skilled in the art
without departing from the scope of the present
invention as defined by the following claims.WHAT IS
CLAIMED IS: 1. A plasma confinement ring assembly for
a plasma processing chamber, comprising a plurality of
plasma confinement rings each including an inner
portion having a plasma-exposed inner diametric
surface, an outer portion disposed radially outwardly
from the inner portion, and at least one thermal choke
adapted to reduce heat conduction from the inner
portion to the outer portion when the inner diametric
surface is exposed to plasma in the plasma processing
chamber, such that the inner diametric surface reaches
a sufficiently high temperature to substantially
prevent polymer deposition thereon. 2. The plasma
confinement ring assembly of Claim 1, wherein one or
more of the plasma confinement rings has a one-piece
construction. 3. The plasma confinement ring assembly
of Claim 1, wherein one or more of the plasma
confinement rings comprises inner and outer portions
which are separate pieces. 4. The plasma confinement
ring assembly of Claim 3, wherein the inner portion is
an inner ring including the inner diametric surface,
the outer portion is an outer ring, and at least one
gap is defined between the inner ring and outer ring.
5. The plasma confinement ring assembly of Claim 3,
wherein the inner portion and the outer portion are
comprised of the same dielectric material. 6. The
plasma confinement ring assembly of Claim 1, wherein
the inner portion of one or more of the plasma
confinement rings has at least one surface that is
roughened and/or coated with a material that blocks IR
radiation.7. The plasma confinement ring assembly of
Claim 1, wherein the thermal choke of at least one of
the plasma confinement rings comprises a plurality of
slots. 8. The plasma confinement ring assembly of
Claim 7, wherein at least one of the slots is
partially defined by a surface that is roughened
and/or coated with a material that blocks IR
radiation. 9. The plasma confinement ring assembly of
Claim 7, wherein the slots comprise a plurality of
first slots which extend around a discontinuous first
circle and a plurality of second slots which extend
around a concentric discontinuous second circle
surrounding the first circle. 



10. The plasma confinement ring assembly of Claim 7,
wherein the slots each extend completely through the
thickness of the plasma confinement ring. 11. A plasma
processing apparatus, comprising: an upper electrode;
a substrate support including a lower electrode; and a
plasma confinement ring assembly according to Claim 1
arranged to enhance confinement of a plasma in a space
between the upper electrode and the substrate support.
12. A plasma confinement ring assembly for a plasma
processing chamber, comprising: a mounting ring; and a
plurality of plasma confinement rings suspended below
the mounting ring, the plasma confinement rings
comprise an upper plasma confinement ring and a
plurality of lower plasma confinement rings, the upper
plasma confinement ring includes a top surface facing
the mountingring and a plasma-exposed bottom surface
disposed radially inward from the lower plasma
confinement rings, at least a portion of the top
surface of the upper plasma confinement ring is
adapted to block IR radiation to thereby enhance
heating of the upper plasma confinement ring such that
the bottom surface reaches a sufficiently high
temperature to substantially prevent polymer
deposition thereon when the bottom surface is exposed
to the plasma. 13. The plasma confinement ring
assembly of Claim 12, wherein the top surface of the
upper plasma confinement ring is roughened and/or
coated with a material that blocks IR radiation. 14.
The plasma confinement ring assembly of Claim 12,
wherein: the upper plasma confinement ring comprises
an inner portion, an outer portion and at least one
thermal choke which reduces heat conduction from the
inner portion to the outer portion when the bottom
surface is exposed to the plasma; and the lower plasma
confinement rings each comprise an inner portion
including a plasma-exposed surface, an outer portion,
and at least one thermal choke adapted to reduce heat
conduction from the inner portion to the outer portion
thereof when the plasma-exposed surface is exposed to
the plasma. 15. The plasma confinement ring assembly
of Claim 14, wherein the thermal chokes are adapted to
cause the bottom surface of the upper plasma
confinement ring and the plasma-exposed surface of
each of the lower plasma confinement rings to reach a
sufficiently high temperature to substantially prevent
polymer deposition on the bottom surface and on each
of the plasma-exposed surfaces when the bottom surface
and the plasmaexposed 



surfaces are exposed to the plasma.16. The plasma
confinement ring assembly of Claim 14, wherein the
thermal chokes each comprise a plurality of slots. 17.
The plasma confinement ring assembly of Claim 16,
wherein the slots comprise a plurality of first slots
which extend around a discontinuous first circle and a
plurality of second slots which extend around a
concentric discontinuous second circle surrounding the
first circle. 18. The plasma confinement ring assembly
of Claim 16, wherein the slots each extend completely
through the thickness of the upper plasma confinement
ring and/or completely through the thickness of the
lower plasma confinement rings and the slots have a
width of from about 0.005 inch and 0.020 inch. 19. The
plasma confinement ring assembly of Claim 16, wherein
at least some of the slots are defined in part by a
surface that is roughened and/or coated with a
material that blocks IR radiation. 20. The plasma
confinement ring assembly of Claim 12, wherein the
plasma confinement rings each have a one-piece
construction. 2 1. The plasma confinement ring
assembly of Claim 12, wherein the plasma confinement
rings each include an inner portion and a separate
outer portion. 22. The plasma confinement ring
assembly of Claim 2 1, wherein the inner portion is an
inner ring, the outer portion is an outer ring, at
least one gap is defined between the inner ring and
the outer ring. 23. The plasma confinement ring
assembly of Claim 2 1, wherein the inner portion and
the outer portion are comprised of the same dielectric
material.24. A plasma processing chamber, comprising:
an upper electrode; a substrate support including a
lower electrode; and a plasma confinement ring
assembly according to Claim 12 arranged to enhance
confinement of a plasma in a space between the upper
electrode and the substrate support. 25. A method of
processing a semiconductor substrate in a plasma
processing chamber, comprising: supplying process gas
into a plasma processing chamber comprising a
plurality of plasma confinement rings each including a
plasmaexposed surface; and producing a plasma from the
process gas and etching a semiconductor substrate in
the plasma processing chamber; during the etching, the
plasma-exposed surface of each of the plasma
confinement rings reaches a sufficiently high
temperature to substantially prevent polymer
deposition thereon. 26. The method of Claim 25,
wherein the semiconductor substrate 



comprises a dielectric material which is etched by the
plasma, and the process gas contains at least one
constituent selected from the group consisting of
fluorocarbons, hydrofluorocarbons, fluorocarbon
precursors and hydrofluorocarbon precursors. 27. The
method of Claim 25, wherein the plasma processing
chamber comprises a grounded upper electrode, and a
lower electrode to which power is applied at two
different frequencies. 28. The method of Claim 27,
wherein the upper electrode is a showerhead
electrode.29. The method of Claim 25, wherein the
plasma confinement rings each include at least one
thermal choke which reduces heat conduction through
the plasma confinement rings when exposed to plasma in
the plasma processing chamber, such that plasma
exposed surfaces of the plasma confinement rings reach
a sufficiently high temperature to substantially
prevent polymer deposition thereon. 30. The method of
Claim 29, wherein the thermal chokes are slots. 3 1.
The method of Claim 29, wherein one or more of the
plasma confinement rings comprises separate pieces
defining at least one gap therebetween. 32. The method
of Claim 29, wherein one or more of the plasma
confinement rings has at least one surface that is
roughened and/or coated with a material that blocks IR
radiation. 


