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SUBSTRATE PROC.CESSING AND M:E TI=EODS THERE FOR
BACKGROUND t_ l I HE. INVlEN TIO:N 100011 The present
invention relates in general to substrate
manufacturing  technologies and in particular to an
apparatus for ion incident angle control and/or f'cr
polymer control and methods therefor. 100021 in the
processing of a substrate, e.g., a semiconductor
substrate or a glass  panel such as one used in flat
panel display .ttaarrufactt `i r , plasma is often ei
ployed. As part  of the processing of a substrate for
example, the substrate is divided into a plurality of
dies, or  rectangular areas, each of which will become
an. integrated circuit. The substrate is then
processed in a series of steps in which materials are
selectively removed (etching) and  deposited. Control
of the transistor gate critical dimension (CD) on the
order of a few  nanometers is a top priority, as each
nanometer deviation. from the target gate length may
translate directly into the operational speed of these
devices. 100031 Areas of the hardened emulsion are
then selectively removed, causing  components of the
underlying layer to become exposed. The substrate is
then placed in a  plasma. processing chamber on a
substrate support structure coraprising a araono-polar
or bi- polar elect=rode, called a chuck or pedestal.
Appropriate etchant gases are then flowed into the
chamber aand struck to foram a plasma to etch exposed
areas of the substrate. 100041 A common etching method
is RIE or reactive ion etch. RIE combines both
chemical and ion processes in order to remove material
from the substrate 4`e..., photoresist,  BARC, Ti:N,
Oxide, etc.), Hoever, the pressure to further reduce
substrate feature sizes, as  well as the
implementation of never optimized substrate materials,
has challenged current  fabrication technologies. For
example, it is becoming increasing) difficult to
maintain the  uniformity or process results from the
center to the edge of larger substrates (e.g., r 300
mam).  In general, for a given feature size, the
laager the size of the substrate, the greater the
number  of devices on the substrate near the edge.
Likewise, fora given substrate size, the smaller the
feature size, the greater die number of devices on the
substrate near the edge. For example,  often over 20%
the total number of devices on a substrate is located
near the perimeter the  



substrate. 1:00051 Due to substrate edge effects, such
as electric field, plasma temperature, and  the
loading effects from process c hemistayy, the process
results near the substrate edge may WO 2008/005756
PCT/US2007/072157  differ from, the remaining (center)
area of the substrate. For example, the equipotential
limes  of the plasma sheath may become disrupted,
causing non-unitbrrra ion angular distribution  around
the substrate edge. 100061 Referring now to FIG. 1, a
simplified diagram of a capacitively coupled  plasma
processing systermr is shown. In general, a source R-E
generated by source R-F  generator 110 is commonly
used to generate the plasma as well as control the
plasma density- via. capacitively coupling. In other
configurations, multi ple R_i" gene:rators may be
used.  1'00071 Generally , an appropriate set of gases
is flowed through an inlet in upper  electrode 102,
and subsequently ionized to form a plasma 104, in
order to process (e.g., etch  or deposit) exposed
areas of substrate 106, such as a semiconductor
substrate or a glass pane,  positioned with an edge
ring 112 (e., .: Si, etc) on an electrostatic chuck
108, which also  serves as a powered electrode.
Certain etch. applications may require the upper
electrode to be  grounded with respect to a lower
electrode frequency RE signal within-210 1 1-Iz thru
800  K_Hz. Other etch applications may require the
upper electrode to be grounded with respect to  a
lower electrode RF -signal that is at least one of
2M[= z, 27 MHz, and 60 Mt-1z. Still other  etch
application may :require the rapper electrode to be
grounded with respect to all of the RF  signal
frequencies previously mentioned. [00081 Edge ring 112
generally performs many functions, including
positioning  substrate 1.06 on chuck 1.08 and
shielding the underlying components not protected by
the  substrate itself from, being damaged by the ions
of the plasma, edge ring 112 may further sit  on
coupling ring 120 (e.(3r., quartz-, etc.), which is
generally configured to provid aa. current  path from
chuck 1.0$ to an edge ring 1.1.2. 1:00091 In general,
it is desirable for the electric field to remain
substantially constant  over the entire surface of the
substrate in order to maintain process uniformityy,
and vertical  etch, profiles. However, because of
plasma chamber conditions and/`or configuration, a  



potential difference may exist between chuck 108 and
the edge ring 112. Consequently, this  potential
difference may create a non-uniformity 122 in the
plasma sheath shape, and hence  adversely affect the
etch profile. 100101 In addition, during the etch
process, it is not uncommon for polymer  byproducts
(e.g., fluorinated polymers, etc.) to form on the
substrate backside and/or around  the substrate edge.
Fluorinated polymers generally comprise photoresist
material previously WO 2008/005756 PCT/US2007/072157
exposed to an etcl-i chemistry, or polymer byproducts
deposited during a fluorocarbon etch  process. In
general, a fluorinated polymer is a substance with a
chemical equation of Ctli,I  where x, z are integers
greater than 0, and y is an integer greater than or
equal to 0 (e.g., CF4,  C 2F6, CH2F2, C4F5, CtFs,
etc.). [0011 l However, as successive polymer layers
are deposited on the edge area as the  result of
several different etch processes, or<ga:nic bonds that
are normally strong and adhesive  will eventually
weaken and peel or flake off, often onto another
substrate during. transport.  For example, substrates
are commonly moved in sets between plasma processing
systems via  substantially clean containers, often
called cassettes. As a higher positioned substrate is
repositioned in the container, a portion of a polymer
layer may fall on a lower substrate  where dies are
present, potentially affecting device yield. 100121
Referring now to.11G. 2, a simplified diagram of a
substrate in which a set of  edge polymers have been
deposited on the planar backside is shown. As
previously stated,  during the etch process, it is not
uncommon for polymer byproducts (edge polvi er:s) to
form  on the substrate. In this example. the, polymer
byproducts have been deposited on. the planar
bac,.side, that is, the side ofthesubstrate away from
the plasma. For example, the polymer- thickness may be
about 250 nn . a:t about 70" 202, 270 not at about 45'
204, and about. i 20 nt r  at 0 20 . In general, the
greater the thickness of the polymer, the higher the
likeliness that a  portion of the polymer may become
dislodged and fall onto another substrate or the
chuck,  potentially affecting manufacturing yield,
SUMMARY OF THE INVENTION 



100131 The invention relates, in an embodiment, to a
method for processing a  substrate in a plasma
processing chamber, The substrate is disposed above a
chuck and  surrounded by ,in edge ring while the edge
ring being electrically isolated from the chuck.  The
method includes providing RF power to the chuck and.
providing a edge ring DC voltage  control arrangement.
The edge ring DC voltage control arrangement is
coupled to the edge  ring to provide first voltage to
the edge ring, resulting in the edge ring having an
edge ring  potential rei.at ve to f:he IBCpotential of
the stubstr-ate. The rrmethod :fuir-therirr.cltucdes
generati:nng  a plasma within the plasma processing
chamber to process the substrate. The substrate i ;
processed while the edge ring DC voltage control
arrangement is configured to cause the  edge ring
potential to be greater than the DC potential of the
substrate in an embodin ent, to WO 2008/005756
PCT/US2007/072157  be substantially equal to the DC`
potential of the substrate in another embodiment, or
to be  less than the DC potential of th ; substrate in
yet another embodiment to control the ion
directionality at the substrate edge. 1.00141 These
and other features of the present invention will be
described in tore  detail below in the detailed
description of the invention and in con junction with
the following  figures. BRIEF DESCRIPTION OF THE
DRAWINGS 100151 The present invention is ill strated
by wa.y, of example, and not by way of  limitation; in
the figures of the accompanying drawings and. in which
like reference numerals  refer to similar elements and
in which: 100461 FIG I shows a simplified diagram of a
capacitively coupled plas.111a  processing: system;
101 71 FIG. 2 shows a simplified diagram of a
substrate in which a set of edge  polymers have been
deposited on the planar backside; and [00.18.1 FI .iS.
34.-B show a set of simplified diagrams, showing a
capacitively; coupled  plasma processing system with
optimized ion angular distribution, according to an
embodiment of the invention. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS 



100191 The present invention will now be described in
detail with :reference to a. few  preferred
embodiments thereof as illustrated in the accompanying
drawings. In the following  description, numerous
specific details are set forth in order to provide a
thorough  understanding of the present invention, it
will be apparent, however, to one skilled in the art,
that the present invention may be practiced without
some or all of those specific details. in  other
instances, well known process steps and/or structures
have not been described in detail  in order to not
unnecessarily obscure the present invention. 100201
While not wishing to be bound by theot v, the inventor
believes that. the ion  angular distribution may be
control led by altering the. C_` potential between the
substrate and  the edge ring, thus optimizing the
eciuipotential lines of the plasma. sheath for agiven
plasma  process. In an advantageous manner, changes
may be made to the electric field around the 4 WO
2008/005756 PCT/US2007/072157  substrate edge by
changing an R- coupling of an edge .ring, in an
embodiment, the chuck is  substantially electrically
isolated from the edge ring 100211 For example, if the
.IC potential of the substrate edge is substantially
the same  as the DC potential of the edge ring, the
ion angular distribution.is generally uniform.
Consequently, in an area of the plasma sheath above
both the substrate and the edge ring, a  set of ion
vectors are formed that are substantially
perpendicular to the substrate, 100221 However, if the
DC potential of the substrate edge is substantially
different to  the DC potential of the edge rng, the
ion angular distribution is generally non-unifo .
Consequently, in an area of the plasma sheath above
both the substrate and the edge ring, a  set of ion
vectors are formed that tend to point either toward or
away from the substrate.  100231 In an advantageous
fashion, the DC potential on the edge :ring may. be
independently controlled from that of the substrate.
Consequently. the difference between the  DC potential
of the substrate to the DC potential. of the edge ring
may be optimized in order  to control. the am gular
distribution of the positively charged ions in the
plasma around the edge of the substrate. 10024 For
example, if the DC voltage of the edge ring is
negative and substantially  



similar to that of the substrate (e-,g., Vsc:tssir<st,
'.' esEt Fait-: 0), angular ion distribution is
substantially uniform, with a set of vectors that are,
substantially perpendicular to the  substrate, in an
area of the plasma sheath above both the substrate and
the edge ring. 'T'his  angular profile may be useful.
for anisotropic etch applications, such as etching
contacts and  trenches with high aspect ratios. 100251
in addition, certain devices require the etch features
(e.g., high aspect ratio  contacts, vias or trenches)
to assume a, particular directionality in order to,
for example,  enable a particular etch feature to n
.ake contact with another underlying feature, For
example, if a vertical via etch is required to allow
the via to make contact with an underlying  feature, a
deviation from etch verticality may cause the via to
Miss the intended underlying  feature, thereby
resulting in a defective device and affecting yield.
For these applications,  precise control of ion
directionality at the substrate edge to achieve proper
etch directionality  is a critical requirement, s WO
2008/005756 PCT/US2007/072157  (00261 In contrast, if
the DC voltage of the edge ring is r core positive
(less negative}  than that of the substrate (e.g.,
r,~il?vtrate -'~d,,, E,^ 0), the angular ion
distribution profile is  substantially non-uniform,
with a set of vectors that tend to point toward the
substrate edge.  This angular profile may be useful
for edge polymer removal. Unlike wet cleaning
processes,  the current invention allows edge polymer
removal in an all-drys (e.g., process, etc) with
minimal effluent across a wide variety of vacua ti-cos
patible materials (e.g., silicon, metals,  ,glass,
ceramics, etc.). For example, a connnon dry etch
process involves ion-assisted etching,  or sputtering,
in which ions are used to dislodge material from the
substrate (e.g_, oxide, etc.).  Generally. ions in the
plasma enhance a chemical process by striking the
surface of the  substrate, and subsequently breaking
the chemical bonds of the atoms on the surface in
order  to make them more susceptible to reacting with
the molecules of the chemical process. 100271
Referring now to FIGS. 3.A-f3, a set of simplified
diagrams show :itrg a  capacitively coupled plasma
processing system with optimized ion angular
distribution is sl own, according to an e nbodiment of
the invention_ FIG. "'WA shows a simplified diagrams
of  



a ca.pacitively= coupled plasma processing system. in
which the DC potential of the edge ring  is
substantially greater than that of the substrate. In
general, a source RI' generated by source  RF
generator I 10 is commonly used to generate the plasma
as well as control the plasma  density via.
capacitively coupling. As previously mentioned,
certain etch applications may  require the upper
electrode to be grounded with respect to a lower
electrode frequency .1:'  signal within -20 K HZ thru
800 KHz. Other etch applications may require the
ripper electrode  to be grounded with respect to an RF
signal that is at least one of 2NM1-1z, 27 M:l-lz, and
60  ,111z. Still other etch applications may require
the upper electrode to be grounded with  respect to
all of the RF signal. frequencies previously
mentioned, (0()28] Generally, an appropriate set of
gases is flowed through an inlet in upper  electrode
102. and subsequently ionized to form a plasma '104,
in order to process (e.g., etch  or deposit) exposed
areas of substrate 106, such as a semiconductor
substrate or a glass pane,  positioned with an edge
ring 112 Si, etc.) on an electrostatic chuck 108,
which also  serves as a powered electrode. 10029
IPd<ge ring 112 generally performs many functions,
including positioning  substrate 1.06 on chuck 108 and
shielding the underlying components not protected by
the  substrate itself from, being damaged by the ions
of the plasma. edge ring 112 r nay further sit 6 WO
2008/005756 PCT/US2007/072157  on coupling rin ; 120
(e.g., quartz, etc.), which is generally configured to
provide a current  path from chuck 108 to an edge ring
11.22 . in general, irr an advann.tageous.nmttrnrner,
a configurable DC power source 316 may be coupled to
edge ring 112 through RF filter 314.  X00301 RF filter
314 is generally used. to provide attenuation of
unwanted harmonic  RF energy without introducing
losses to DC power source 316. In an embodiment, RF
filter  314 includes a switch module that allows a
positive or negative current polarity to be selected,
as well as a path to ground. In an embodiment, the 1
filter 314 includes vacuum  relays. 1-armonics are
generated in the plasma lischa` Feand may be kept from
bein  returned to the DC power source by the RF
filter. in this case, since DC power source 3 16
sources as positive vol the DC potential of the eel e
ring is substantially higher than that  



of the substrate in a typical plasma process, Thus,
the angcrlar iorn distrib.itiozn profile isthus
Substantially non-trniforrmn, with a set of vectors
that tend to point toward areas of lower  potential,
such as the substrate edge. This application is highly
useful for polymer removal  from the substrate edge,
as mentioned earlier. 100311 Referring now to FIG.
313, a simplified diagram is shown of as capacitively
coupled plasma processing system in which the DC
potential (f the edge ring is substantially  sim.ilaar
to that of the substrate (e.g,, V ~r}i)::irsic "`
Vi~:~.r Fif, > ~= 0.1. Generally speaking, the DC
potential on the substrate during processing tends to
be negative with respect to ground, and  thus when the
edge ring is coupled to receive a negative potential
(with respect to ground),  the DC` potential of the
edge ring and the DC' potential of the substrate are
substantially equatl.  Consequently, angular ion
distribution is substantially unif-brm, with a set of
vectors that are  substantially perpendicular to the
substrate in an area of the plasma sheath above both
the  substrate and the edge ring. As previously
stated, this perpendicular angular profile may be
useful for anisotropic etch applications, Such as
etching contacts and trenches with high  aspect
ratios. 100321 It is also possible to, for example,
couple the ground terminal of the DC power  source, in
which case the edge r-.irng may have a higher
potential (being at ground) than the  DC potential of
the substrate (being generally negative during
processing, in an embodiment).  In this case, the
angular ion distribution will also tend toward the
substraate edge, albeit to a  lesser degree than when
the edge ring is coupled to receive voltage from the
positive terminal  of the DC power source (as in the
case of Fig. 3A). 7 WO 2008/005756 PCT/US2007/072157
(00331 In an embodiment, a feedback circuit is aye be
provided to monitor the DC  voltage of the substrate
(which may vary- during the various process steps and
process  substeps). The monitored DC voltage of the
substrate may be employed as a feedback signal  in an
appropriate control circuit to control the DC voltage
delivered to the edge ring, thereby  allowing the
appropriate ion directionality to be maintained even
if the DC voltage of the  substrate changes. 



100341 in an embodiment, the DC voltage, oftl the edge
ring may be provided by a RF  power source (e.g-, a
:RC power source that may be different t orn the RF
power source  delivering RF power to the lower
electrode). Thus, DC voltage control of the edge ring
relative to the DC potential of the substrate is the
thrust of the techniques of various  embodiments
disclosed herein, and the actual edge. ring DC voltage
control arrangement to  providehnaintain the DC
voltage to the edge ring may differ depending on.
impleanentations.  100351 While this invention has
been described in terms of several preferred
embodiments, there are alterations, perautations, and
equivalents, which fall within the scope  of this
invention. It should also be noted that there are many
alternative ways of  implementing the methods and
apparatuses of the present invention. Although various
examples are provided herein, it is intended that
these examples be illustrative and not  limiting with
respect to the invention. Further, the abstract is
provided. herein for convenience  and should not be
employed to construe or limit the overall invention,
which is expressed in  the claims. It is therefore
intended that the following appended claims be
interpreted as  including all such alterations,
permutations, and equivalents as fall within the true
spirit and  scope of the present invention. For
example., although the present invention has been
described in connection with Lam Research plasma
processing systems (e.g, Exelan r'a',  Exelan.'r'>a-
HP, Exelar a` ' I-IPT, 2300 r, Veasys r Star, etc.),
other plasma processing systena.s  may be used (e.g,
capacitively coupled, inductively coupled, etc.), This
invention may also  be used with substrates of various
diameters (e.g., 200 nam, 3 0 mm , LCD, etc-).
Fu.rthermraore, the tern set as used herein includes
one or more of the named element of the  sett, For
example, a set of 'A" refers to one or more '`: ."
10036 Advantages of the invention include substantial
control of ion angular  distribution around the
substrate edge, Additional advantages include cleaning
a bevel  8 WO 2008/005756 PCT/US2007/072157  pul mer
during an in situ strip process, optimizing the plasma
process" and impro in  substrate yield. 1'00371 Having
disclosed exemplary embodiments and the best mode,
modifications  



and variations may be made to the disclosed
embodiments while remaining within the subject  and
spirit of the invention as defined by the following
claims. 9 WO 2008/005756 PCT/US2007/072157  ILA_t_MS
What is claimed is I . In a. plasma processing
chamber, a method for processing a substrate, said
substrate  being disposed above a. Chuck and
surrounded by an edge ring, said edge ring being
electrically isolated from said chuck, comprising:
providing lilt power to said chuck, prodding an edge
ring DC voltage control a.rra:ngement, said edge ring
DC voltage  control arrangement being coupled to said
edge ring to provide first voltage to said edge ring,
resulting in said edge ring having a:rn edge ring
potential; generating a plasma. within said plasma
processing chamber to process said substrate,  said
substrate being processed while said edge ring DC
voltage control arrangement is  configured to cause
said edge ring potential to be substantially equal to
a DC potential of said  substrate while processing
said substrate. ?. The method of claim 1. wherein said
edge ring DC voltage control arrangement  includes an
RI filter arrangement and a DC power source, said RF
filter arrangement being  disposed between said edge
ring and said DC power source. The method of claim 2
wherein said RF filter arrangement is configured to
attenuate  unwanted harmonic RF energy from reaching
said DC power source. 4. The method of claim I wherein
said RF power has an .Rh f'requency in a range from
about 20 KHz to about 8001KHz. 5. The method of claim
I wherein said RF power has a set of RF . reque:ncies
that  includes at least one of 2 MHz, 27 _MHZ, and 60
M_ 1z. fi. The ,method ofclai:trr l wherein said
plasma processing chamber represents a  capacitively
coupled plasma processing chamber, 7. The method of
claim 1 wherein said plasma. processing chamber
represents an  



inductively coupled plasma processing cha fiber. to WO
2008/005756 PCT/US2007/072157  Is. The method of
claim. 1 wherein said edge ring DC voltage control
arrangement  includes an RE power supply. E3. The r
method of claim I wherein said edge ring DC-voltage
control arrangement  includes an DC power supply. 1 0.
The method of claim I further including a feedback
circuit configured to monitor said  DC potential of
said substrate, whereby said DC potential of said
substrate is employed as a  feedback signal to vary
said first voltage when said DC potential of said
substrate changes.  11. In a plasma processing
chamber, a method f sr :reducing polymer deposition
around an  edge of a substrate, said substrate being
disposed above a chuck and surrounded by an edge
ring, said edge .ring being electrically isolated from
said chuck, comprising: providing RF power to said
chuck; providing a edge ring DC'.. voltage control
arrangemr .ent, said edge ring DC voltage  control
arrangement bein coupled to said edge ring to provide
first voltage to said edge ring,  resulting in said
edge ring having an edge ring potential generating a
plasma within saidr plasma processing chamber to
process said substrate,  said substrate being
processed while said edge ring DC voltage control
arrangement is  configured to cause said edge ring
potential to be different from a .D(.-.,. potential of
said  Substrate while processing said substrate so as
to cause an ion incident angle of ions disposed in a
vicinity. of said edge of said substrate to be biased
toward said edge of said substrate and  a ay from said
edge ring. . l'?. The method of claim 11 wherein said
edge ring DC voltage control arrangement  includes an
RF filter arrangement and a DC power source, said RF
filter arrangement being  disposed between said edge
ring and said DC power source. 1:3. The method of
claim 12 wherein said RE filter arrangement is
configured to attenuate  unwanted harmonic RF energy,
11 



WO 2008/005756 PCT/US2007/072157  14. The method of
claim I I wherein said plasma processing chamber
represents a  capacitively coupled plasma processing
chatriber, 15, The method of claim I I wherein said RF
power has an R: trelue acy in a range from  about 20
KI=1z to about 800 Kl-1.z. 16. The method of claim. I
I wherein said ICI?' power has a set of RF frequencies
that  includes at least one of 2 MHz, 27 MHz, and 60
.L'II-fr. 1.7, The method of claim I l wherein said
plasma processing chamber represents an  inductively
coupled plasma processing chamber. 18, The method of
claim I I wherein said edge ring DC voltage control
arrangement  includes an RE power supply 1 ?. The
method of c lai.m. 1.1 wherein said edge ring. DC
voltage control aarr^aan4gement  includes an DC. power
supply. 20, The method of claim I l further including
a feedback circuit configured to monitor  said DC
potential of said substrate, whereby said DC potential
of said substrate is employed  as a feedback signal to
vary said first voltage when said D(:' potential of
said substrate  changes, 2 1 . In a plasma processing
chamber, a method for processing a substrate, said
substrate  being disposed above a chuck and surrounded
by an edge rir{g, said edge ring being  electrically
isolated from said chuck, comprising: providing RI'
power to said chuck, providing a edge ring DC voltage
control arrangement, said edge ring DC' voltage
control arrangement being coupled to said edge ring to
provide first voltage to said edge nin&  resulting in
said edge ring having an edge ring potential'"
generating a plasma within said plasma processing
chamber to process said substrate,  said substrate
being processed while said edge ring DC voltage
control arrangement i ; WO 2008/005756
PCT/US2007/072157  configured to cause said edge ring
potential to be less than a DC potential of said
substrate  while processing said substrate. 



22, The method of claim. 21 wherein said edge ring DC
voltage control arrangement  includes an RF filler
arrangement and as DC power source, said RF.filter
arrangement being  disposed between said edge ring and
said DC power source. 23 The method of claim 22
wherein said RF filter arrangement is configured to
attenuate  unwanted harmonic RF energy 24. The method
of claim 21 wherein said RF power has an RF frequency
in a range from  about 20 Kl-fz to about 800 Kliz. 25.
The :method of claim 21 wherein said RF power has a
set of RE frequencies that  includes at least one of 2
',-'VlHz, 27 MHz, and 60 MHz. 2b. The method of claim.
21 wherein said plasma processing chamber represents a
capacitively coupled pla.s na. processing chamber. 27.
The :method of claim 21 wherein said plasma processing
chamber represents an  inductively coupled plasma.
processing chamber. 28. The method of claim 21 wherein
said edge ring :DC voltage control arrangement
includes an RF power supply>. 29. The method of claim
21 wherein said edge ring DC voltage control
arrangement  includes an DC power supply. 30. The
.rrmethod of claim 31 further including a feedback
circuit configured to monitor  said DC potential of
said substrate., whereby said DC potential of said
substrate is employed  as a feedback signal, to v>ary>
said first voltage, when said DC potential of said
substrate  changes. 


