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(57) Abstract: Techniques and apparatus for substantially reducing and/or preventing the occurrence of plasma un-confinement

events, including one or more of shielding a gap disposed between chamber components and along a RF current path with a dielectric

shielding structure, shielding a sharp component structure with a dielectric shielding structure, and keeping the gap between adjacent

pairs of plasma confinement rings smaller than the worst-case DeBye length for the plasma.
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METHODS AND APPARATUS FOR PREVENTING PLASMA UN-
CONFINEMENT EVENTS IN A PLASMA PROCESSING CHAMBER

BACKGROUND

j0801} In the processing of a substrate, e.g., a semiconductor substrate or a glass panel
such as one used in flat panel display manufacturing, plasma is often emploved.  Aspan of
the processing of the substrate in a plasma chamber, the substrate 1s for example processed in
a series of steps in which materials are selectively removed (gtched) and deposited in order to
form electrical components thereon.

{0002} In an example chamber implementation based on an Exelan™ plasma
processing system platform {available from Lam Research Corporation of Fremont, CA), RF
energy is emploved to ignite and sustain the plasma within the intended plasma sustaining
region, i.e., the region within the plasma processing chamber where plasma presence is
intended for substrate processing purposes. During plasma processing, the return RF current
may be conducted away from the plasma sustaining region via, for example, the upper
electrode. The RF return current travels, i this example unplementation, outside a
confinement ring area across a chamber cetling and a chamber liner wraversing RF straps and
a lower ground bucket back to an inner surface of a cantilever bore. Along this complicated
path, the return RF current traverses several interfaces that join adjacent R¥F chamber
components (or members),

{0003} As is tvpically the case for machined components, many of the RF chamber
components have mating surfaces, interfaces, gaps or sharp edges due to machining or
tolerance considerations. These sharp corners and surfaces themselves form gaps when
adjacent RF chamber components are mated together, presenting high-umpedance obstacles to
the RF corrent,

10804} Without wishing to be bound by theory, it is believed that in some cases, the
high-impedance may cause & high voltage to be built up across a gap. If the voltage 1s built
up sufficiently high, a spark or arc may result across the gap. Such arcing may, in many
cases, cause charged particles such as electrons or tons to be ejected 1to the surrounding gas
space(s). The gas space{s) surrounding many of these RF chamber components, while not
disposed n the plasma generating region that is intended for generating and sustaining

plasma during processing, may nevertheless be in a condition conducive to igniting and/or
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sustaining plasma during chamber operation. Accordingly, the unintended injection of
charged pariticles may lead to the unwanted 1gnmition of plasma in the gas space(s) surrounding
these gaps even though these gas space(s) are not in the aforementioned intended plasma
generating region {e.g, the region generally defined by the upper electrade, the lower
electrode, and the surrounding confinement nings).

{0005} When one of these unwanted ignition events occurs, the plasma chamber is said
to be suffering a plasma un-confinement event, which is a highly undesirable condition for
the substrate processing environment, for the subsirate currently being processed, and may
lead to damage to chamber hardware components, particularly to the electrostatic chuck.
{0006} It should be noted that different RE chambers may have different components
and or designs, and the RF current may take ditferent paths in different chambers.
frrespective of the particulars of the different RF chambers, the RF current in many chambers
tend to traverse multiple RF chamber components and tend to sporadically suffer from

similar gap-related arcing and unwanted plasma ygrition problems.

SUMMARY OF INVENTION
{0007} The invention relates, in an embadiment, to a plasma processing system having
a plasma processing chamber configured for processing substrates. The plasma processing
system includes a plurality of components, at least two components of the plurality of
components being disposed adjacent to each other 11 a mating configuration such that there
exists a gap between the two components. The gap is disposed along a RF current path
during the processing. There 1s also included a dielectric shielding structure configured to
shield at least a portion of the gap from surrounding gas spaces in the plasma processing
chamber during the processing.
{0608} In another embodiment, the invention relates to a plasma processing system
having a plasma processing chamber configured for processing substrates. The plasma
processing svstem includes a plarality of components, at least one of the component having a
sharp component structure disposed along a RF current path during the processing. There is

also included a dielectric shielding structure configured to shield at teast a portion of the

during the processing.
0609} In another embodiment, the invention relates to a method for configuring a

plasma processing chamber for processing substrates, the plasma processing chamber having

351
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therein a plurality of confinement rings. The method includes determining a worst case
Debye length for a plasina generated in the plasma processing chamber durning the processing,
The method further includes performing at least one of adjusting gaps between individual
ones of the plurality of confinement rings and adding at least one additional confinement ring
to ensure that a gap between any pair of adjacent confinement rings 1s greater than the worst-
case Debye length.

[0810] These and other features of the present invention will be described in more

detail below in the detailed description of the invention and in conjunction with the following

figures.
BRIEF DESCRIPTION OF THE DRAWINGS
j0011} The present invention is Hlustrated by way of example, and not by way of

limitation, in the figure(s) of the accompanving drawing(s) and in which like reference
numerals refer {o similar elements and m which:

{0012} Fig. 1 shows, in accordance with onte or more embadiments of the present
invention, cross~sectional views of dielectric covers and confinement tings disposed m an

outer region of a plasma processing chamber.

DETAILED DESCRIPTION
[0013] The present invention will now he described in detail with reference to a few
embodiments thereof as illustrated in the accompanyving drawing(s}). In the following
description, numerous specific detatls are set forth in order to provide a thorough
anderstanding of the present mvention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described.
j0014} In embodiments of the present invention, there are provided techaiques and
apparatus for substantially reducing and/or preventing the occarrence of plasma un-
confinement events. As discussed, it 1s believed that aspects of the plasma chamber design
and/or construction may contribute to the occurrence of arcing, leading to the unwanted
ignition of plasma outside of the intended plasma sustaining region.  As mentioned eatlier,
the inventors herein believe that gaps between mating surfaces of adjacent chamber
components represent a factor contributing to arcing when the gaps are disposed along the RF

current path (such as, for example, the return RF current path). The sparks present during

fed
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arcing represent unintended wnjection of charges or energy that can resulf in the generation
andfor gjection of charged particles into the surrounding gas space(s).

jO015} Another factor contributing to unwanted plasma ignition is believed to be the
presence of sharp chamber component edges or corners along the RF current path. These
sharp geometries tend to focus the electric field, leading in some instances to the wnintended
generation of charged particles in the surrounding gas spaces,

0016} It is also believed that sporadic un~confinement plasma events may also be
caused by transient mnstability events that lead to surges in the plasma density. These plasma
density surges may have a variety of causes, such as for example RF generator surges.
Trrespective of the reason for these transient instabilities in the plasma density, 1t 1s believed
that plasma confinement may be improved by property contiguring andfor reducing the
spacing between adjacent plasma confinement rings.

j0617] Embodiments of the invention aim to address one or more of the aforementionad
causes of plasma un-confivement. To address the arc-related unwanted plasma ignition, there
15 provided, i accordance with an embodiment of the mvention, a diclectric shielding
structure {such as a cover or sleeve) that shields gaps between adjacent chamber components
from the surrounding gas space{s} when these gaps are disposed along the RF current path.
Generally speaking, one or more sleeves or covers may be provided as necessary to provide
the shielding function. With reference to Fig 1 which shows the relevant portion of an
example plasma processing chamsber, there is shown a dielectric sleeve 102, which shields
gap 104 and gap 106 in the example chamber implementation from the immediately
surrounding gas space(s) that are adjacent to gap 104 and gap 106, In the example
implementation of Fig. 1, gap 104 exists at the interface between outer electrode 110 {which
may be formed of, for example, silicon)} and mounting plate 112, Even though the outer
electrode 110 and mounting plate 112 may be mated together (via elastomer bonding, for
example), a small gap still exasts in between adjacent mating surfaces. Likewise, gap 106
exists between mounting plate 112 and upper chamber structare 114 {which may be formed
of, for example, aluminuwm).

[0018] It is believed that as the RF current travels along the skin or surface of chamber
components, a gap such as gap 104 presents a high-impedance obstacle to the RF current,
leading to the build up of a potenuial difference across the gap and, at some pont, to an

electrical discharge that is characterized by arcing.
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{0819} Sleeve 102 may be formed of a dielectric material (such as an inorganic
isulator materialy and shields the gaps from the immediately surrounding gas spaces. In this
manuer, even if arcing oceurs across gap 104 and/or gap 106, the sparks generated during
arcing are shielded from the strrounding gas space(s), thereby preventing the nnwanted
generation and/or ejection of charged particles and/or unwanted 1gmition of plasma in the
surrounding gas spaces.

00204 In an embodiment, steeve 102 is formed of quartz although other suitable
dielectric materials such as alumina (e.g, aluminum oxide}, silicon nitride, etc., may also be
emploved. As long as sleeve 102 15 substantially non-conducting, sleeve 102 may be made of
any material that is compatible with the plasma process being practiced in the RF chamber.
Although a single sleeve 1s shown in Fig. 1, multiple sleeves and/or covers are possible,
Farthermore, dieleciric covers the shields RF-active gaps from the surrounding gas spaces
may have geometric shapes other than sleeves.

{0021} Sleeve 102 1s shown with a shelf 132, which 1s captured between mounting plate
112 and upper chamber structure 114 when mounting plate 112 1s fastened {(2.g., bolted) to
upper chamber structure 114, Dunng assembly, sleeve 102 may be placed around the outer
electrode 110/mouting plate 112 structure such that shelf 132 rests on the shoulder formed in
mounting plate 112, The structure that includes outer electrode 110, mounting plate 112, and
sleeve 102 may then be fastened to upper chamber structure 114, cansing sleeve 102 to be
captared between mounting plate 112 and upper chamber structure 114, Fron the direction
shown by reference arrow 140, no exposed portion of a fastener struciure (such as screw
holes or screw heads) would be present in sleeve 102, reducing the hikelihood of
contamination trapping and/or eliminating the presence of sharp structures {such as screw
heads) that may cause spark generation during plasma processing, The point is that sleeve
102 {and covers that are provided o shield gaps between RF active interfaces from the
srrounding gas spaces) should be constructed such that when installed in the chamber, these
sleeves and covers do not contribute to arcing themselves.

{0022} As mentioned, sharp component structures (edges or corners) along the RF
current path mayv have the effect of concentrating the electric tield, leading to the unwanted
generation of charged particles and/or the unwanted ignition of plasma in the surrounding gas
spaces. As the term is employed herein, a sharp component structure represents & component
or a junction between components having a shape that is characterized by 1ts heightened

ability, relative to other component structures, to concenirate the electric field such that
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unwanted generation of charged particles and/or unwanted 1gnition of plasma in the
surrounding gas spaces mayv occur. With reference to Fig. 1, sharp corner 150 of a ground
bucket 152 may concentrate the electric field such that unwanted generation of charged
particles and/or unwanted ignition of plasma in the surrounding gas spaces may occur. Note
that this 1s a different un~confinement plasma ignition mechanism from the aforementioned
RF active gaps since there are no gaps at comer 150,

j0023} In an embodiment of the wvention, a dielectric corner-draping cover formed of a
dielectric material (such as a non-conductive insulator material} is provided to shield the
sharp component structure from the swrrounding gas space. This corner-draping cover is
shown in the example of Fig. 1 by a corner-draping cover 160, Comer-draping cover 160
ictudes a lip that extends vertically downward in Fig. 1 and drapes over corner 150 so as to
present a continuous dietectric shield for corner 150, In an embodiment, corner~draping
cover 100 is formed of quartz although other suitable dislectric materials such ag alumina
{e.g.. aluminum oxide), silicon mitride, etc., may also be employed. As long as corner-
draping cover 160 1s substantially non-conducting, corner-draping cover 160 may be made of
any material that is compatible with the plasma process being practiced m the RE chamber,
j0824} Note that it is not necessary for corner-draping cover 160 to be formed of a
single piece of material to cover all RF active surfaces of ground bucket 152, In the example
of Fig. 1, since the vertical side of the ground bucket is not exposed to the plasma in an
intended plasma sustaining region 190, the vertical side of ground bucket 152 may be
shielded using another cover formed of a different or the same dielectric matenal, it desired.
The provision of a lip and/or the overlapping of the two covers allows the use of multi-piece
{e.g.. two) covers, which lowers the manofactuning cost since a bulky and complexiy-shaped
cover 18 not required. In an example implementation, the vertical side of ground bucket 152
is covered using a cover 162, which may be formed of, for example a plastic material such as
amorphous thermoplastic polvethenimide {commonly kaown by the name Ultem}. As long as
cover 102 is substantially non-condacting, cover 162 may be made of any material that is
compatible with the plasma process being practiced in the RF chamber and/or with the
condition that exists along the vertical sidewall of the ground bucket during plasma
processing. Cover 162 and corner-draping cover 160 may overlap as shown m Fig. 1 to
provide complete coverage for the RF active corner and/or RF active swfaces of ground

bucket 152,

&
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{0825} As mentioned, it is believed by the inventors herein that sporadic un-
confinement plasma events may also be caused by transient instability events that fead to
surges in the plasma density. Further, trespective of the reason for these transient
instabilities in the plasma density, it is believed that plasma confinement may be improved by
the proper spacing between adjacent plasma confinement rings.

{0026} Generally speaking, decreasing the spacing between adjacent plasma
confinement rings (which may require in some cases retrofitting existing chambers with
additional confinement rings} allows a set of confinement rings 180 to confine the plasma
within itended plasma sustaining region 190 even in the event of plasma density surging,
While not wishing 1o be bound by theory, it is believed that, for example, a decrease by a

g3 spacing may allow the set of confinement

s

factor of two in the adjacent confinement rin
rings to satisfactorily confine the plasma even if the instantaneous plasma density surges by
up 1o a factor of four. Bv empirically determining the optimal spacing between adjacent
confinement rings, the occurrence of sporadic plasma un-confinement events may be
substantially reduced and/or eliminated.

[0027 In an embodiment, the spacing between adjacent plasma confinement rings

{denoted by the variable 8} is dimensioned such that

S < Plowe Equation 1.
j0028} In equation 1, DLow, represents the worst case Debye length of the plasma, i.e

the Debye length of the plasma 1o the worst case plasma density surge. Although a given
plasma may be quantified in different ways, Debye {ength 1s one of the more well-known
approaches for quantifving a plasma and may be caleulated for any plasma. Further
information regarding Debye length may be found in many plasma reference texts, including
for example Introduction to Plasma Physics, Goldston & Rutherford (1997}, Institute of
Physics Publishing, Philadeltphia, PA, which is incorporated herein by reference.

{0629} By empirically or theoretically determining the worst case plasma density for a
given plasma processing chamber (or even through educated gnessing), the Debye length
may be derived, which may then be used in equation to determine the desired spacing
between adjacent plasma confinement rings. The decrease in the adjacent confinement rings
spacing should, in an embodiment, be balanced agamst the need to satisfactorily exhaust

byproduct gases from intended plasma sustaining region 190, Spacings that are too tight may
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unduly impede the removal of byproduct gases, thereby negatively impacting the substrate
processing. I, for example, chamber gap 192 allows, additional confinement rings with
corresponding inter-ring gaps may be introduced in order to pick up the exhaust flow of
byproducts. The optimal adjacent confinement rings spacing represents, in an embodiment,
the distance that substantially reduces or eliminates the occurrences of plasma an-
confinement events without unduly impacting the requirement to satisfactorily exhaust
byproduct gases from the plasma processing chamber. The number of confinement rings may
be configured accordingly.

{0030} As can be appreciated by the foregoing, embodiments of the present invention
may advantageousty reduce and/or prevent the occurrence of plasma un-confinement events.
By shielding a surface, gap, or corner of one or more components with a diclectric shielding
structure, one or more embodiments may reduce and/or prevent umntended charged articles
from entering into gas space(s) surrounding the one or more components. By reducing
spacing(s) between plasma confinement rings, one or more embodiments may mprove
plasma confinement against surges in plasma density. As a result, plasma processing may be
more stable and/or better controlled.

j0831} It should be noted that any combination of one, two, or all three of the

aforementioned techuiques (i e., gap covenng, comer-draping covering, and adjacent

chamber. Also, although specific chamber components are Hlustrated {o facilitate discussion,
it showld be understood that these techniques can be adapted, either singly or in combination,
to shield, withowt limitation, any RF active gap or corner or edge or protrusion that may
contribute 1o the occurrences of plasma un-continement events. Further, it should be noted
that although the invention is illustrated using the Exelan™ platform, embodiments of the
invention are applicable to any type of plasma processing chambers, including capacitively
coupled chambers, inductively coupled chambers, microwave chambers, ete.

joaa} While this invention has been described in terms of several embodiments, there
are alterations, permutations, and equivalents, which fall within the scope of this invention.
For example, although Fig. 1 discusses dielectric covers for shielding gaps and corners, other
means such as dielectric coating may also be emploved. It should also be noted that there are
many alternative wavs of implementing the methads and apparatuses of the present invention,
H is therefore intended that the specification be mterpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present invention.

[}
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CLAIMS

What 1s clatmed 13

1. A plasma processing system having a plasma processing chamber configured for
processing substrates, comprising

a plurality of components, at least two components of said plurality of components
being disposed adjacent {0 each other in a mating configuration such that there exists a gap
between said two components, said gap being disposed along a RF current path during said
processing; and

a dielectsic shielding structure configured to shield at least a portion of said gap from
surrounding gas spaces in said plasma processing chamber during said processing,
2. The plasma processing system of ¢laim 1 wherein said dielectric shielding structure is
disposed to cover said at least said portion of said gap without presenting an exposed fastener
portton to said surrounding gas spaces.
3. The plasma processing system of claim 1 wherein said dielectric shielding structure is

a multi-piece shielding structure.

4. The plasma processing system of claim 1 whevein said dielectric shielding structure is

a single-plece shielding structure.

5. The plasma processing system of claim 1 wheren said dielectric shielding structure 13
formed of g material that includes at least one of an norganic insulator material, a non-

conductive msulator material, guartz, alumina matenal, and sthicon nitride,

8. The plasma processing system of ¢laim 1 wherein one of said two components

represents an electrode.

7. A plasma processing system having a plasma processing chamber configured for
processing substrates, comprising
a plurality of components, at least one of sard component having a sharp component

structure disposed along a RF current path during said processing; and

9
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a dielectric shielding structure configured to shield at least a portion of said sharp
component structure from surrounding gas spaces 1n said plasma processing chamber during

said processing.

8. The plasma processing system of claim 7 wherein said dielectnc shielding structwre is
configured to drape over said sharp component structure, thereby at least partially shielding
said sharp component structure from said surrounding gas spaces.

9. The plasma processing system of claim 7 wherein said dielectric shielding structure is
disposed to cover said at least satd portion of said sharp component structure withowt

presenting an exposed fastener portion to said swrrounding gas spaces,

10, The plasma processing system of claim 7 wherein said dielectric shielding structure is

a muli-piece shielding structure.

{1, The plasma processing system of claim 7 wherein said dielectric shielding structure 18

a single-piece shielding structure.

12 The plasma processing system of claim 7 wherein said dielectric shielding structure is

formed of a nonconductive material,

13, The plasma processing system of claim 7 wherein said dielectric shielding structure is
formed of a material that mcludes at feast one of an inorganic insulator material, a non~

conductive msulator material, quariz, aluming material, and silicon nitride.

14, The plasma processing system of claim 7 wherein said component represents an
electrode.
is. A plasma processing system having a plasma processing chamber configured for

processing substrates, compnsing

a chuck;
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a plurality confinement rings. said plurality of confinement rings being disposed such
that a gap between anv pair of adjacent confinement rings s less than a worst-case Debye

length of a plasima generated in said plasma processing chamber during said processing.

16.  The plasma processing system of claim 13 wherein said worst case Debye length is

determined empirically.

17. A method for configuring a plasma processing chamber for processing substrates, said
plasma processing chamber having therein a plurality of confinement rings, comprising
determining a worst case Debye length for a plasma generated 1 said plasma
processing chamber during said processing; and
performing at least one of adjusting gaps between individual ones of said plurality of
confinement rings and adding at least one additional confinement ring to ensure that a gap

between any pair of adjacent confinement rings 1s less than sard worst-case Debye length,

{8 The method of claim 17 wherein said worst case Debye length is determined
empiricatly.
19, The method of claim 17 wherein said performing represents both of said adjusting

said gaps and said adding said at least one additional confinement ring.

20, The method of claim 17 wherein said performing represents only said adjusting said
Saps.
21, The method of claim 17 wherein said performing represents only said adding said at

least one additional confinement ring.



PCT/US2007/070758

WO 2007/146803

111

A

[N S S S S S

e

N S Ve P P P P N R e e e e B B P,
G N e Tt e e Tt N N T T R T T TR R T T R TR TR TR, e e T R T, T T R T T, e T, T T TR, T T

0
g

Ot

b

- ]

&

&

&

&

&

&

&

&

&

&

&

&

&

o

o

o

o

o

o

o

o

o

o

o

o

S S S A A A

o

-
~

.,
"
"

o

5

%,
o,

",

"




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings

