
A METHOD FOR PLASMA ETCHING PERFORMANCE ENHANCEMENT BACKGROUND OF THE
INVENTION  51. Field of the Invention The invention relates to a method of
obtaining a structure on a semiconductor wafer by etching through
structures defined by an etch mask using a plasma. 2. Description of the
related art In semiconductor plasma etching applications, a plasma etcher
is usually used to 10transfer a pliotoresist mask pattern into a circuit
and line pattern of a desired thin film and/or filmstack (conductors or
dielectric insulators) on a Si wafer. This is achieved by etching away the
films (and filmstacks) underneath the photoresist materials in the opened
areas of the mask pattern. This etching reaction is initiated by the
chemically active species and electrically charged particles (ions)
generated by exciting an electric discharge in a reactant mixture 15
contained in a vacuum enclosure also referred to as a reactor chamber.
Additionally, the ions are also accelerated towards the wafer materials
through an electric field created between the gas mixture and the wafer
materials, generating a directional removal of the etching materials along
the direction of the ion trajectory in a manner referred to as anisotropic
etching. At the finish of the etching sequence, the masking materials are
removed by stripping it away, 20leaving in its place replica of the lateral
pattern of the original intended mask patterns. This etching method is
illustrated in FIG.'S 1A-C. In this method, a plasma etching process is
used to transfer directly the photoresist mask pattern 104 into that of the
underlying oxide dielectric thin film 108, as shown in FIG. IA. The etching
generates a contact hole 112 and erodes and damages the photoresist 104, as
shown in FIG. 1B. The photoresist is then removed leaving 95the contact
hole 112 in the oxide 108, as shown in FIG. IC. During the etching process,
the mask materials are usually eroded and/or damaged in exchange for the
pattern transfer. Consequently, some of the damage and erosion also may be
transferred to the underlying layers leaving such undesirable pattern
distortions such as striation, CD enlargement, etc. The objective of the
etching methodology, therefore, includes reducing the photoresist 30mask
erosion to enhance the fidelity of the pattern transfer from the
photoresist mask patterns. For this purpose, it has been proposed to
include a passivation gas in the reactive etching mixture. This passivation
gas can be chosen in such a way that its presence selectively reduces the
etching damage and erosion of the masking materials relative to the removal
rate of the thin film materials to be etched. The passivation gas can be
chosen in such a way that, 



an etching retardation coating is generated on the surface of the masking
materials acting as a barrier to slow down the etching reaction. By design,
the passivation gas is chosen in a way that it additionally beneficially
forms an etching retardation coating on vertical surfaces of the film
structures to be etched, such that etching reaction cannot advance in the
absence of the 5ion bombardment. By the nature of the vertical trajectory
of the charged particles, etching can therefore advance only in the
vertical direction, with little to no etching in the lateral direction,
creating an anisotropic etching profile. Hence, the presence of a
passivation gas in the etching mixture is very important for the advantage
of better etching mask protection and highly anisotropic etching profile by
the use of relatively high energy directional ion bombardment. 10It has
already been proposed that the reactive gas mixture contain etching gases
and polymer formers, with the latter acting the role of a passivation gas.
In this case, the etching gases release highly reactive species by the
excitation of an electrical discharge, which in turn etches the thin film
materials to be etched as well as the masking materials by the mechanism of
a spontaneous reaction. By the nature of spontaneous reactions, the etching
reaction 15advances in both the vertical as well as the lateral surfaces,
creating isotropic etching profiles. The co-presence of a polymer former,
through generation of a polymer deposit on the surface of the etching
structures and masking materials, can be used to create simultaneously high
etching selectivity to masking materials and etching anisotropy, in
conjunction with the ion bombardment. 20It also has already been proposed
that the reactive gas mixture contain polymer former  gases and an etching
enabler gas. The role of the etching enabler gas is to enable the polymer
former gas to release highly reactive species by reacting with the polymer
former gases in the presence of an electrical discharge. Alternatively, a
retardation coating on the etching materials as well as the masking
materials can also be formed by chemical reaction of a 25properly chosen
passivation gas directly with the surfaces of these materials.       A
common disadvantage of the above mentioned methods is that the optimum
conditions for different aspects of the etching requirement usually do not
coincide and by mixing the gases some of the unique properties of each
precursor gases may be lost due to inter-reactions. The etching condition
optimization almost always involve complex trade-offs 30into a single
etching condition that may not be the optimum should the different etching
chemistries be separate.        A variant of the etching methodology is
taught in U.S. Patent 5,501,893, issued March 26, 1996 to Laemier et al.,
entitled "Method of Anisotropically Etching Silicon". This method separates
out the etching gases and polymer former gases into two different steps,
each  



consisting purely of one type of chemicals but not the other. This allows
for fast etching rate at low ion bombardment energies, since at low ion
bombardment energies, high selectivities to masking materials can be
achieved for certain spontaneous etching reactions if the activation energy
is slightly lower for the reaction at the surface of the etching materials
than the 5masking materials. By removing the polymer former from the
etching process, on the other hand, the etching process would necessarily
be isotropic during the duration when the etching is proceeding, since
there is no retardation layer to prevent the lateral etching from
occurring. Additionally, without the passivation gas in the etching
mixture, it would be difficult to obtain sufficient etching selectivity to
the masking materials if the desire is there to use higher ion 10energies.
Many etching applications can benefit from high ion bombardment energy to
obtain high aspect ratio structures in very small dimension structures, for
example.       Additional proposed methods include a stacked masking scheme
to improve the overall etching resistance of the masking materials. This is
illustrated in FIG.'S 2A-F. In FIG. 2A an oxide layer 204 is provided. FIG.
2B shows a hardmask layer 208 placed over the 15 oxide layer. A photoresist
mask 212 is placed over the hardmask layer 208, as shown in FIG. 2C. The
photoresist mask 212 is used to pattern the hardmask layer 208 to create a
patterned hardmask layer 214, and the photoresist layer 212 may be removed,
as shown in FIG. 2D. A contact hole 216 is etched in the oxide layer 204,
using the patterned hardmask layer 214 as a mask as shown in FIG. 2E. The
hardmask is then removed leaving the contact 216 in the 20oxide layer 204,
as shown in FIG. 2F.       The advantages of this method are that, by
having a more inert hardmask from which to transfer patterns (circuits and
lines) to the underlying films, the etch perfoimance is much enhanced and
the requirement on the etching and photolithography is also much reduced.
The disadvantages of this method are that, by introducing new process steps
and new tool sets into 25the process flow, it is of higher cost and lower
overall throughput. In addition, the extra process complexity also
introduces difficulties by itself. For example, the Si hardmask used for
dielectric contact etch applications is not as easily stripped as the
photoresist mask.       In addition to transfer without lateral CD loss or
damage the mask pattern into the etch layer, the lateral CD of a lateral
pattern already present in the etch layer may also need to be 30preserved
in many etching applications during the process of etching the etch layer.
These etch layer patterns are usually not protected by the etching mask
materials. A discussion of this class of etching applications is given
using the example of a formation of a dual damascene structure by plasma
etching.         To facilitate discussion, FIG. 9A is a cross-sectional
view of a stack 900 on a wafer 110 used in the dual damascene process of
the prior art. A contact 904 may be placed in a dielectric layer 908 over a
wafer 910. A bather layer 912, which may be of silicon nitride or silicon
carbide, may be placed over the contact 904 to prevent the 5copper
diffusion. A via level silicon oxide dielectric layer 916 may be placed
over the 



barrier layer 912. A trench stop layer 920 (silicon carbide or silicon
nitride) may be placed over via level dielectric 916. A trench level
silicon oxide dielectric layer 924 may be placed over the trench stop layer
920. An antireflective layer (ARL) 928 may be placed over the trench
dielectric layer 924. A patterned resist layer 932 may be 10placed over the
ARL 928. The ARL 928 may be formed from silicon nitride, SiON, or other
material with a high refractive index and high extinction coefficient.
FIG. 10 is a high level flow chart of a process used in the prior art to
form the stack 900 into a dual damascene structure. The stack 900 may be
subjected to an etch, which etches a via 940 down to the barrier layer 912
(step 1004). The etching of the 15via 940 may form a crust 944, which forms
sidewalls. The crust 944 and resist 932 may be removed and subsequently
repattemed with a new resist layer 960, which is patterned to form a trench
(step 1008), as shown in FIG. 9C. The stack may be subjected to an etch,
which etches a trench 964 down to the intermediate trench etch stop layer
920 (step 1012), as shown in FIG. 9D. The etching of the trench 964 may
20cause part of the via level dielectric layer 916 to facet 972. This
faceting may be considered as damage to the dual damascene structure. The
intermediate trench etch stop layer 920 may be used to reduce faceting. The
etching of the trench 964 may also form a new crust 968, which forms
sidewalls. The resist layer 160 and crust may then be stripped (step 1016).
The stack 900 may then be subjected to a barrier layer etch 25(step 1020),
which opens the via 940 to the copper contact 904, to provide the
structure shown in FIG. 9E. A metal bather layer 974 may be deposited over
the copper contact (step 1024), as shown in FIG. 9F. A copper seed layer
976 may then be used to coat the interior of the via and trench.
Electroplating may be used to fill the trench and via with copper 978,
which is polished down to the trench dielectric layer 30924. The copper 978
may be used as a copper connect for the next level, so the process is
repeated creating multiple levels of copper connects and dielectric layers.
Although the intermediate trench etch stop layer may be used to reduce
faceting, providing and etching the intermediate trench etch stop layer
requires additional processing steps, which increases processing time and
costs.        In addition, integrated circuits use dielectric layers, which
have typically been formed from silicon dioxide, Si02, to insulate
conductive lines on various layers of a semiconductor structure. As
semiconductor circuits become faster and more compact, operating
frequencies increase and the distances between the conductive lines within
5the semiconductor device decrease. This introduces an increased level of
coupling capacitance to the circuit, which has the drawback of slowing the
operation of the semiconductor device. Therefore, it has become important
to use dielectric layers that are capable of effectively insulating
conductive lines against such increasing coupling capacitance levels. 10In
general, the coupling capacitance in an integrated circuit is directly 



proportional to the dielectric constant, k, of the material used to form
the dielectric layers. As noted above, the dielectric layers in
conventional integrated circuits have traditionally been formed of Si02,
which has a dielectric constant of about 4.0. As a consequence of the
increasing line densities and operating frequencies in 15semiconductor
devices, dielectric layers formed of Si02 may not effectively insulate the
conductive lines to the extent required to avoid increased coupling
capacitance       In an effort to reduce the coupling capacitance levels in
integrated circuits, the semiconductor industry has engaged in research to
develop materials having a 20dielectric constant lower than that of Si02,
which materials are suitable for use in forming the dielectric layers in
integrated circuits, A number of promising materials, which are sometimes
referred to as "low-k materials," have been developed. In the specification
and claims, low-k materials are defined as materials with a dielectric
constant k that is less than 4. Fluorosilicate glass is one example of a
low-k dielectric, 25which has a dielectric constant of about 3.7. This
composes an about 7-9% fluorine doped into Si02.       Another interesting
class of low-k materials is compounds including organosilicate glass, or
OSG. By way of example, but not limitation, such organosilicate dielectrics
include CORALTM from Novellus of San Jose, California; 30Black Diamonctr"
from Applied Materials of Santa Clara, California; AuroraTM available from
ASM International N.V., The Netherlands; Sumika Film available from
Sumitomo Chemical America, Inc., Santa Clara, California, and HOSPTM from
Allied Signal of Morristown, New Jersey. Organosilicate glass materials
have carbon and hydrogen atoms incorporated into the silicon dioxide
lattice which lowers the  density, and hence the dielectric constant of the
material. A dielectric constant for such films is typically < 3.0.      To
facilitate discussion, FIG. 11A is a cross-sectional view of part of a
wafer in the production of a damascene structure without a trench stop
layer and using a low-k 5dielectric. A contact 1104 may be placed in a
low-k dielectric layer 1108 over a wafer 1110. A second contact 1106 may
also be in the low-k dielectric layer 1108. A dielectric barrier layer
1112, typically, but not limited to, silicon nitride or silicon carbide,
may be placed over the contact 1104 to prevent copper diffusion. A low-k
dielectric layer 1120 may be placed over the barrier layer 1112. An
antireflective layer 10(ARL) 1128 may be placed over the low-k dielectric
layer 1120. A patterned resist layer 1132 may be placed over the ARL 1128.
The patterned resist layer 1132 is patterned to provide a via 1140, which
is etched into the low-k dielectric layer 1120. The resist layer 1132 is
removed and a second patterned resist layer 1160 is placed over the ARL
1128, as shown in FIG 11B.. The second resist layer 1160 is patterned 15to
provide a trench 1164, which is etched into the low-k dielectric layer
1120. 



Because of the absence of the intermediate trench etch stop layer and the
use of a low-k dielectric, faceting 1172 in this example may be increased.
Such faceting may cause the copper, which would be used to fill in the via
and trench, to be too close to the second contact 1106. This may also
increase the dimension of the bottom of the 20via.      To facilitate
understanding, FIG. 12A is a cross-sectional view of part of a wafer in the
production of a damascene structure without a trench stop layer and using a
low-k dielectric. A first contact 1204 and a second contact 1206 may be
placed in a low-k dielectric layer 1208 over a wafer 1210. A dielectric
barrier layer 1212, 25typically, but not limited to silicon nitride or
silicon carbide, may be placed over the first and second contacts 1204,
1206 to prevent the copper diffusion. A low-k dielectric layer 1220 may be
placed over the barrier layer 1212. First 1240 and second 1244 vias may be
etched into the low-k dielectric layer 1220. A bottom antireflective
coating (BARC) layer 1228 may be spun over the low-k dielectric layer 1220.
Such a 30spun on BARC tends to at least partially fill the vias 1240, 1244
and form sidewalls and plugs in the vias. Generally, thinner vias are
filled with BARC to a higher depth than wider vias are filled. Also, more
spread apart vias may be filled higher than more closely packed vias. As a
result, it may be difficult to have the vias filled to a uniform height.
FIG. 12B is a cross-sectional view of part of the wafer after trenches
1248, 1252 have been etched. The presence of BARC in the vias creates
fences 1256, 1260 and, in addition, faceting 1262, 1264. The amount of
faceting and the size of the fences are dependent on the height of the
BARC. Therefore, non-uniform BARC 5height may cause non-uniform faceting
and fences. The fences may be a stress location, which may cause
electro-migration, voids and other failures, which may diminish the
reliability of the resulting semiconductor devices. In addition, plug
filling and stripping adds additional costs and complexity to the process
flow. In addition, such plugs may cause dielectric poisoning in upcoming
10dielectric materials. Without plug fillings it may be difficult to
prevent and increase in CD of via holes due to erosion by mechanisms, such
as faceting. The purpose of this invention is to provide a generic method
for etching a feature in a layer or a stack of layers to obtain a high
fidelity replica of a lateral pattern formed by a masking material with
simultaneously high etching anisotropy and high selectivity to the masking
materials as well as to the stop layers. 15Additionally, this invention
intends to provide a generic method for etching a lateral pattern already
present in the etch layer that is not covered by the etching mask and not
protected or insufficiently protected by a sacrificial filler material,
without unduly lateral CD loss and damage to the etch layer lateral
patterns. 20SUMMARY OF THE INVENTION       To achieve the foregoing and in
accordance with the purpose of the present invention, a method for etching
a feature in a layer through an etching mask is provided. A protective
layer is formed on exposed surfaces of the etching mask and 



vertical sidewalls of the feature with a passivation gas mixture. The
feature is etched 25through the etching mask with reactive etching mixtures
containing at least one etching chemical and at least one passivation
chemical.       In another embodiment of the invention, an apparatus for
etching a layer under an etch mask, where the layer is supported by a
substrate, is provided. A plasma processing chamber comprising a chamber
wall forming a plasma processing chamber 30enclosure, a substrate support
for supporting a substrate within the plasma processing chamber enclosure,
a pressure regulator for regulating the pressure in the plasma processing
chamber enclosure, at least one electrode for providing power to the plasma
processing chamber enclosure for sustaining a plasma, a gas inlet for
providing gas into the plasma processing chamber enclosure, and a gas
outlet for exhausting gas  from the plasma processing chamber enclosure is
provided. A deposition gas source and an etchant gas source are provided. A
first control valve in fluid connection between the gas inlet of the plasma
processing chamber and the deposition gas source and a second control valve
in fluid connection between the gas inlet of the plasma 5processing chamber
and the etchant gas source are provided. A controller controllably
connected to the first control valve, the second control valve, and the at
least one electrode comprising at least one processor and computer readable
media is provided. The computer readable media comprises computer readable
code for opening the first control valve for at least one deposition step
to provide a deposition gas from the 10deposition gas source to the plasma
processing chamber enclosure, computer readable code for closing the second
control valve for the at least one deposition step to prevent etching gas
from the etching gas source from entering the plasma processing chamber
enclosure, computer readable code for opening the second control valve for
at least one etching step to provide an etching gas from the etching gas
source to the plasma 15processing chamber, and computer readable code
energizing the at least one electrode to provide a bias of greater than 250
volts on the substrate for at least one etching step.      In another
embodiment of the present invention, a method for forming a dual damascene
feature is provided. Vias are formed in an etch layer. A trench patterned
mask is provided over the etch layer. A trench is etched, where the etching
the trench 20comprises a cycle of forming protective sidewalls over the
sidewalls of the vias and etching a trench through the trench patterned
mask. The mask is then stripped. 



In another manifestation of the invention an n apparatus for etching a
layer under an etch mask, wherein the layer is supported by a substrate is
provided. A plasma processing chamber is provided. The plasma processing
chamber comprises a 25chamber wall forming a plasma processing chamber
enclosure, a substrate support for supporting a substrate within the plasma
processing chamber enclosure, a pressure regulator for regulating the
pressure in the plasma processing chamber enclosure, at least one electrode
for providing power to the plasma processing chamber enclosure for
sustaining a plasma, a gas inlet for providing gas into the plasma
processing 30chamber enclosure, and a gas outlet for exhausting gas from
the plasma processing chamber enclosure. A deposition gas source and an
etchant gas source are provided. A first control valve is in fluid
connection between the gas inlet of the plasma processing chamber and the
deposition gas source. A second control valve is in fluid connection
between the gas inlet of the plasma processing chamber and the etchant gas
source. A controller is controllably connected to the first control valve,
the second control valve, and the at least one electrode. The controller
comprises at least one processor and computer readable media. The computer
readable media comprises computer readable code for opening the first
control valve for at least one deposition 5step to provide a deposition gas
from the deposition gas source to the plasma processing chamber enclosure,
computer readable code for closing the second control valve for the at
least one deposition step to prevent etching gas from the etchant gas
source from entering the plasma processing chamber enclosure, and computer
readable code for opening the second control valve for at least one etching
step to provide an 10etching gas from the etchant gas source to the plasma
processing chamber.       These and other features of the present invention
will be described in more details below in the detailed description of the
invention and in conjunction with the following figures. 15BRIEF
DESCRIPTION OF THE DRAWINGS        The present invention is illustrated by
way of example, and not by way of limitation, in the figures of the
accompanying drawings and in which lilce reference numerals refer to
similar elements and in which:             FIG.'S 1A-C are schematic views
of the foitnation of a contact hole feature 20through a prior art process.
FIG.'S 2A-F are schematic views of the foimation of a contact hole feature
through another prior art process. FIG. 3 is a flow chart of an inventive
passivation and etch process. 



FIG.'S 4A-F are schematic views of the formation of a contact bole using
the 25inventive process.       FIG. 5 is a schematic view of a system that
may be used in practicing the invention.       FIG. 6 is a micrograph of a
plurality of high aspect ratio contact hole patterns formed using the
invention. 30FIG. 7 is a micrograph of a plurality of high aspect ratio
contact hole patterns formed using a prior art process.       FIG.'S 8A-B
are schematic views of a computer system that may be used in practicing the
invention.         FIG.'s 9A-F are a cross-sectional views of a stack on
which a dual damascene feature is formed using prior art processes.
FIG. 10 is a high level flow chart of a process used in the prior art to
form a dual damascene structure. 5FIG.'s 11A-B are cross-sectional views of
part of a wafer in the production of a damascene structure without a trench
stop layer and using a low-k dielectric, according to a prior art process.
FIG.'s 12A-B is a cross-sectional view of part of a wafer in the production
of a damascene structure without a trench stop layer and using a low-k
dielectric according 10to another prior art process.       FIG. 13 is a
high level flow chart for an example for forming a dual damascene feature
using a via first scheme.       FIG.'s 14A-E are a cross-sectional views of
part of a substrate over into which a dual damascene structure is formed.
15FIG. 15A is a photomicrograph of a cross-sectional view of a dual
damascene feature that has been etched according to the invention. FIG. 15B
is a top and side perspective view of the dual damascene feature. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS  



20The 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 25these
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.       The said invention is a new etching
method in which an in-situ passivation process is combined and integrated
with an etch process to enhance the overall etch 30performance without
unduly sacrificing simplicity and cost-effectiveness.        In this new
method, an in-situ plasma chemical process is used to enhance and/or repair
the photoresist mask, as well as the vertical sidewalls of etching
features, during the etching progression. During this new etch sequence, a
plasma chemical process step is initiated for a short duration before
and/or after the wafer is exposed to  an etching plasma for a desired
duration. The plasma passivation process is chosen in such a way that a
thin film of material coatings is formed on the mask pattern to protect the
mask from later etch erosion. Preferably, this thin coating is of a
material that is compatible with later stripping process for ease of final
removal but more etch 5resistant than the mask materials. For example, a
carbon-rich thin film, containing very low to no amount of other elements,
can be used to coat a photoresist mask so that protected mask features is
not easily eroded by the subsequent etching process. In other words, it
changes the surface composition of the mask pattern such that the mask
behaves like a pseudo hardmask, having certain beneficial etching
characteristics of an 10amorphous carbon hardmask. Alternatively, the
passivation process may also be used in such a way that the formation of
the thin coating on the mask pattern largely compensates for and/or repairs
the mask patterns damaged/eroded by the prior etch process. The relative
inertness of the coating to the subsequent etching reaction is beneficial
so as to not to alter the fine balance obtained in the etching step. 15The
etching gas mixture contains etchant species and at least one passivation
species so as to not lose the benefits associated with a passivation gas in
the etching chemistry. The ratio of the etching to passivation components,
along with a plurality of other processing conditions, is finely balanced
to achieve optimum processing results, such as photoresist selectivity,
etching anisotropy and etching rate etc. The 20electrical discharge power
is kept high and the energy of the charged particles is also kept high to
obtain high etch rate and good etching anisotropy in small dimensional
structures. The passivation and etching sequence can be, but may not need
to be, reiterated and adjusted until the completion of the etching task. 



To facilitate understanding, FIG. 3 is a flow chart of an embodiment of the
25invention. A photoresist mask is provided on a layer to be etched (step
304). FIG'S 4A-F are schematic illustrations of the process. FIG. 4A shows
a photoresist mask 404, which has been provided on an oxide layer 408 to be
etched, which is on a substrate. The substrate is placed in a process
chamber (step 306). FIG. 5 is a schematic view of a process chamber 500
that may be used in the 30preferred embodiment of the invention, hi this
embodiment, the plasma processing chamber 500 comprises confinement rings
502, an upper electrode 504, a lower electrode 508, a gas source 510, and
an exhaust pump 520. The gas source 510 comprises a passivation gas source
512, an etchant gas source 514, and an additional gas source 516. Within
plasma processing chamber 500, the substrate wafer 580, on  which the oxide
layer is deposited, is positioned upon the lower electrode 508. The lower
electrode 508 incorporates a suitable substrate chucking mechanism (e.g.,
electrostatic, mechanical clamping, or the like) for holding the substrate
wafer 580. The reactor top 528 incorporates the upper electrode 504
disposed immediately 5 opposite the lower electrode 508. The upper
electrode 504, lower electrode 508, and confinement rings 502 define the
confined plasma volume 540. Gas is supplied to the confined plasma volume
by gas source 510 through a gas inlet 543 and is exhausted from the
confined plasma volume through the confinement rings 502 and an exhaust
port by the exhaust pump 520. The exhaust pump 520 forms a gas outlet for
the 10plasma processing chamber. A first RF source 544 is electrically
connected to the upper electrode 504. A second RF source 548 is
electrically connected to the lower electrode 508. Chamber walls 552 define
a plasma enclosure in which the confinement rings 502, the upper electrode
504, and the lower electrode 508 are disposed. Both the first RF source 544
and the second RF source 548 may comprise a 1527 MHz power source and a 2
MHz power source. Different combinations of connecting RF power to the
electrode are possible. A modified Exelan 2300 DFC (Dual Frequency
Confined) made by LAM Research CorporationTM of Fremont, California may be
used in a preferred embodiment of the invention. A controller 535 is
controllably connected to the first RF source 544, the second RF source
548, the 20exhaust pump 520, a first control valve 537 connected to the
deposition gas source 512, a second control valve 539 connected to the etch
gas source 514, and a third control valve 541 connected to the additional
gas source 516. The gas inlet 543 provides gas from the gas sources 512,
514, 516 into the plasma processing enclosure. A showerhead may be
connected to the gas inlet 543. The gas inlet 543 may be a 25single inlet
for each gas source or a different inlet for each gas source or a plurality
of 



inlets for each gas source or other possible combinations.       A
protective layer 412 is formed on the photoresist mask 404, as shown in
FIG. 4B (step 308). It is preferred that the deposition be asymmetric so
that the amount of deposition is formed preferentially more on the masking
material. It is preferred such a process is aided 30by the line-of-sight of
the location to the deposition source as well as by the selective nature of
the chosen CVD process. In other words, the deposition chemistry be chosen
in such a way that a coating is formed preferentially on the masking
materials due to differences in the chemical inertness of the materials. As
can be seen in FIG. 4B a thicker protective layer 412 is formed on the top
of the photoresist mask 404 than on the oxide surface on the bottom of  the
photoresist mask and on the sidewalls of the photoresist mask. hi the
preferred embodiment, the deposition is done in-situ in an etch chamber
using a chemical vapor deposition (CVD) process, which also deposits a thin
protective layer on the sidewall of the photoresist. Preferably the
deposition uses some ion energy to allow for selectivity of such
5deposition.       In other embodiments, the processing conditions may be
changed to vary the thickness and spatial distribution of the protective
layer. For example, it may be desirable to form a thicker coating on the
sidewall of the etching structures as the etching proceeds deeper in order
to protect the etching structure from further distortion by the subsequent
etching. A 10variation of processing conditions may provide for this. Since
passivation and etching are separate steps, the process conditions for
passivation may be optimized for this result without interfering with the
etching process.       During the deposition, the fluorine-to-carbon ratio
of the deposition gas is not greater than 2:1. Examples of deposition
chemistries that may be used for CVD may be, but are not 15limited to,
CH3F, CH2F2, C21-1517, C3H7F, C2H3F, CI-14, C414, C21-16, C2H2, C31-18, and
SiF14, Si(CH3)4, Si(C2H3)4. It is preferred that these chemicals are
halogen free or have a halogen to carbon ratio of no greater than 2:1.
Without being limited by theory, it is believed that the carbon based
chemistry forms a thin etch resistant amorphous carbon layer. The silane
would be used to form an amorphous silicon layer (or polymorphous silicon)
over the 20photoresist. In addition, the protective layer may have been
modified with the presence of some F and H components. The presence of
other elements, such as F, may be used to yield selective activity on
different material surfaces such that deposition occurs preferentially on
one but not the other materials, such as on the photoresist mask materials
but not on SiO2 layer, under appropriate ion bombardment. The thinness and
etch resistance provides a 25protection sufficient to resist photoresist
etch or damage and thin enough to allow etching of 



the desired feature shape. Other methods, such as sputtering, may be used
to deposit a protective layer on the photoresist mask before etching. The
passivation step is an independent step in the etch process which may
include different combinations of deposition gases for different etching
applications of different materials, where the deposition provides a
30protective coating around the etching features including the masking
features using possible multistep gas switching sequences. To accomplish
this step, the controller 535 may cause the first valve 537 to allow a
deposition gas from the deposition gas source 512 into the process chamber
500, while causing the second valve 539 from preventing etching gas from
the etchant gas source 514 from entering the process chamber. The
controller 535 may also  control the power supplied by the first and second
RF sources 544, 548 and the exhaust pump 520. The controller may also be
used to control the wafer pressure, backside He cooling pressure, the bias
on the substrate, and various temperatures.           Table I is a table of
some of the parameters that may be used in a passivation and 5etching step
in the preferred embodiment of the invention. Table I  Preferred Range More
Preferred Range Most Preferred Range Bias Voltage >50 volts > 100 volts
>300 volts Bias Energy >50 eV > 100 eV 



> 300 eV  The bias may be provided by placing a constant voltage between an
upper electrode above the substrate and a lower electrode below the
substrate. In the preferred 10embodiment, an electrical negativity can be
formed on the substrate holding the wafer materials (thereby applying a
bias to the wafer) by applying a radio frequency (RE) voltage supplied by
an RF power generator. This has the effect of drawing the positively
charged particles towards the electrically biased substrate at an energy
determined by the electrical negativity controlled by the amplitude of the
RF voltage. 15It is, therefore, possible to supply and vary the ion
bombardment energy by controlling the RF power (and hence the RF voltage)
applied to the substrate holder.      Next, the oxide layer 408 is etched
through the photoresist mask 404, to form a feature 416, as shown in FIG.
4C. Etching applications may include, but are not limited to, a dielectric
contact etch (high aspect ratio contact (HARC) or damascene), 20conductor
trench etch (shallow or deep), self-aligned contact etch, gate mask open
etch, contact etch, via dielectric etch, dual-damascene via etch, dual
damascene trench etch, conductor gate etch, conductor deep trench etch,
conductor shallow trench isolation etch, and hardmask opening. Preferably,
the etch uses a high ion energy to provide a directional etch. The etch may
remove some of the protective layer 412, as 25shown. All of the protective
layer on some of the surfaces may be removed. In this example, the
protective layer forming the side wall on the photoresist 404 has been
removed. Other parts of the protective layer may only be partially removed.
In this example, only part of the protective layer 412 on the top surface
of the photoresist 404 has been removed. In other embodiments, other parts
of the protective layer may be 30partially etched way or completely etched
away. To accomplish this step, the  



controller 535 may cause the first valve 537 to stop the flow of the
deposition gas from the deposition gas source 512 into the process chamber
500, while causing the second valve 539 to allow the etching gas from the
etchant gas source 514 to flow into the process chamber. The controller 535
may change the power supplied by the first and 5second RF sources 544, 548
and change the setting of the exhaust pump 520 to accommodate the etching.
The controller may also be used to change the wafer pressure, backside
pressure, and various temperatures to accommodate the etching process.
Since this etch step uses high energy ions to provide a directional etch, a
polymer former gas is provided during the etch. The polymer former gases
may be, for 10example, hydrocarbons, fluorocarbons, and hydrofluorocarbons,
such as C4F6, C4F5, CH3F, CH2F2, CH4, C3F6, C3F3, and CI-IF3. These polymer
former gases would form a polymer layer that is constantly added and etched
away during the etch.       Table H is a table of some of the parameters
that may be used in an etching process in the preferred embodiment of the
invention. 15Table II  Preferred Range More Preferred Range Most Preferred
Range Bias Voltage >200 volts > 300 volts >400 volts Bias Energy >200 eV >
300 eV 



> 400 eV        After the contact hole is at least partially etched, a
determination is made on whether to etch more (step 316). This may be done
by a set recipe or by taking a measurement. If more etching is desired,
then the process cycles back to step 308, where an additional 20protective
layer 418 is deposited on the photoresist mask, as shown in FIG. 4D. In
this example, the remaining part of the old protective layer becomes part
of the new protective layer 418. In this step, again the controller 535
opens the first control valve 537 to provide deposition gas and closes the
second control valve 539 to stop the flow of the etching gas. The
controller 535 may also change other parameters to accommodate the
deposition. 25The contact hole is then further etched through the
photoresist mask (step 312), providing a deeper contact hole 416, as shown
in FIG. 4E. In this step, again the controller 535 closes the first control
valve 537 to stop the deposition gas and opens the second control valve 539
to allow the flow of the etching gas. The controller 535 may also change
other parameters to acconunodate the etching.          Preferably, this
cycle or loop of providing alternating deposition and etching steps is
repeated more than once. Preferably, this cycle is repeated more than three
times. Preferably, this cycle is repeated at least five times. This cycle
may be repeated dozens of times. It may be desirable to repeat this cycle
100 times. 5Preferably, in at least the last cycle, the etching step
completely etches away the protective layer, as shown in FIG. 4E. When no
further etching is desired, the photoresist mask is stripped (step 320) to
yield the oxide layer 408 with a contact hole 416, as shown in FIG. 4F. The
photoresist mask may be stripped in the process chamber 500 or after
removal from the process chamber 500. 10In other embodiments, an etch step
may be added before step 308 for depositing a protective layer on the
photoresist mask.       Preferably, the etching and the deposition of the
protective layer are done in the same chamber, but may be done in different
chambers. An Exelan, DFC 2300 made by LAM Research Corp. of Fremont,
California may be adapted to perform both the deposition and 15etch steps.
Since the deposition and etch are done in the same chamber, cycling between
the deposition and etch may be done quickly. Examples of materials for the
photoresist mask may include, but are not limited to the newer generation
of photoresist, such as, deep UV photoresist, 193 nm photoresist, 



157 nm photoresist, EUV photoresist, e-beam photoresist, and x-ray
photoresist. The 20older generation of photoresist polymer materials are
designed to contained unsaturated C-C bonds, such as the C-C double bond
and even C-C triple bonds to provide the required high etching resistance,
namely, chemical inertness to the etching gas mixture. These bonds are
strong and require a high activation energy to break and therefore, at
relatively low ion energies, the older generation photoresist can show
25remarkably low etching rate to the etching gas mixture. The newer
generation of photoresist, including 193nm and 157nrn, does not contain
these unsaturated bonds because these unsaturated bonds absorbs at the
lithography exposure wavelength, leading to much reduced photoresist
etching resistance. By providing a protective coating on the photoresist
during the etching phase, using an etching mixture 30containing at least
one passivation gas, the etching resistance of the photoresist is much
improved, even at high ion bombardment energy. The high ion bombardment
energies at which the invention may improve etching resistance of the photo
resist may be 50-2,000 eV. More preferably the ion bombardment energy may
be 200-1,500 eV. Most preferably the ion bombardment energy is 500-1,000
eV.  Via etchin exam le         A specific example of the invention, for
etching a Si02 layer with a 193 photoresist mask and a bottom
antireflective coating (BARC) between the Si02 layer and the photoresist
mask, uses an Exelan DFC 2300 for the process chamber 500. In the process
chamber 500, a 5BARC etch is performed. The BARC etch has a pressure of 110
millitorr, which may be set by the confinement rings 502, the exhaust pump
520 and the flow rate through the gas inlet 543. The power applied at 27
MHz is 1200 watts, and no power at 2 MHz through the electrodes 504, 508.
The etch chemistry is 700 sccm of Argon, 60 sccm of CF4, and 12 sccm of 02.
The upper electrode 504 is placed at a temperature of 180 C. The chuck
formed by 10the lower electrode 508 is placed at a temperature of 10 C. A
backside inner zone chuck pressure of helium is placed at 15 ton-. A
backside outer zone chuck pressure is placed at 15 ton. In this example,
the BARC etch is maintained for 50 seconds. The controller 535 controls
these parameters. The additional gas source 516 may be used to provide
gases for the BARC etch. The additional gas source 516 may represent more
than one gas source. The 15third valve 541 may represent more than one
valve, so that the additional gases may be independently controlled by the
controller 535. For an Exelan DFC 2300, a back side pressure 



of helium is used to cool the chuck. The Exelan DFC 2300 allows for an
inner backside pressure, which is closer to the center of the chuck and an
outer backside pressure which is closer to the outer edge of the chuck. The
controller 535 is able to control these pressures. 20A deposition of the
protective layer is performed in the Exelan DFC 2300 at a pressure of 50
millitorr, with 800 watts applied at 27 MHz and 400 watts applied at 2 MHz.
The deposition chemistry is 500 sccm of Argon and 50 seem of CH3F. The
upper electrode is placed at a temperature of 180 C. The chuck is placed at
a temperature of 10 C. The backside inner zone chuck pressure of helium is
placed at 30 ton. The backside outer zone 25chuck pressure is placed at 12
ton-. In this example, the deposition gas source 512 would provide the
CI-13F, which is not provided during the etching. The argon may be provided
from the additional gas source 516, since argon is provided during both the
deposition and etching. The controller 535 would open the first valve 537
and close the second valve 539. The controller would also control the flow
of argon from the additional gas source. The controller 30535 would control
the power and other parameters as specified above. An etching of the Si02
layer is performed in the Exelan DFC 2300 at a pressure of 40  milliton-,
with 2500 watts applied at 27 MHz and 3500 watts applied at 2 MHz. The etch
chemistry is 400 seem of Argon, 36 seem of C4F6, and 30 seem of 02. The
C4F6 would be a polymer former gas, which provides polymerization during
the etching. The 02 would be the  etching enabler gas. Although the
fluorine from C4F6 is used in etching, the fluorine in this example
requires the presence of oxygen to enable etching. The upper electrode is
placed at a temperature of 180 C. A chuck is placed at a temperature of 10
C. A backside inner zone chuck pressure of helium is placed at 30 ton. A
backside outer zone chuck pressure is placed 5at 12 ton. In this example,
the etthant gas source 514 would provide the C4F6 and 02, which is not
provided during the deposition, although C4F6 without oxygen may be used
during deposition. The controller 535 would close the first valve 537 and
open the second valve 539. The controller would also control the flow of
argon from the additional gas source. The controller 535 would control the
power and other parameters as specified above. 10In this example, first the
BARC etch is performed for 50 seconds. Next, the deposition of the
protective layer (step 308) is performed for 10 seconds. Next, the contact
hole is etched for 25 seconds (step 312). Then the deposition of the
protective layer is performed for 10 seconds (step 308). The etch of the
feature for 25 seconds (step 312) and the deposition of the protective
layer for 10 seconds (step 308) is repeated four times. A final 15etch of
the feature is performed for 80 seconds (step 312). The cycle is completed
(step 316) 



and the photoresist is stripped (step 320). Therefore, in this example, the
deposition (step 308) and etch (step 312) cycle is performed for 5 cycles.
Another notation for this same sequence can be written as: 50 sec. BARC
etch + 10 sec. deposition + 4x(25 sec. etch + 10 sec. deposition) + 80 sec.
etch. 20In this example, the protective layer is preferentially formed on
the mask and sidewalls of the feature, so that the protective layer is
thicker on the mask and sidewalls of the feature than on the bottom of the
feature or that no protective layer is formed at all at the bottom of the
feature. Different conditions may be used between cycles to more
specifically tailor the 25 conditions to the process. Additional processes
may be added to each cycle. Although in this example the process chamber is
an Exelan DFC 2300, other modified etching systems may be used.      FIG. 6
is a photomicrograph of a 8i02 layer 604, which was masked with a 193
photoresist mask to foul' high aspect ratio contact (HARC) etches 608,
using the inventive 30deposition of a protective layer and etch process.
FIG. 7 is a photomicrograph of a Si02 layer 704, which was masked with a
193 photoresist mask to fonn high aspect ratio contact (HARC) etches 708,
without using the inventive deposition of a protective layer and etch
process. As can be seen by comparing FIG. 6 and FIG. 7, the inventive
process of deposition and etching provides the desired pattern transfer
from the photoresist mask (the original mask  patterns are arrays of
circular holes) in that the contacts are more circular. On the other hand,
the prior art method of an etch without the deposition of a protective
layer for the photoresist causes a distortion of the original patterns,
which is apparent in the dielectric layer as shown by the more irregular
shape of the contact holes and which is not acceptable. The protective
5layer on the sidewalls of the photoresist and feature may also prevent
striation, that is found in some etch processes.        The invention
provides a more cost effective process than the use of a stacked mask,
since the production of a stacked photoresist mask is more complicated. The
invention may also provide better etch results at less expense than a
stacked mask process. 10The layer to be etched may be a dielectric layer
(such as silicon oxide), a conductive layer (such as metal and silicon or
other type of semiconductors), or a hardmask layer (such as silicon nitride
and silicon oxynitride). For etching a conductor layer, halogens, such as
chlorine, fluorine, or bromine, may be used in the etching step, where the
deposition may contain chemicals used to deposit a C-rich thin film or a
thin film containing Si. 15In the preferred embodiment of the invention, it
is desirable that some of the 



components of the deposition gas are not mixed with components of the etch
gas, since some mixing decreases the efficiency of having a separate
deposition and etch process. As a result, the controller should time the
gas flows so that one gas is depleted before another gas is added. 20In the
preferred embodiment, the etchant gas from the etching gas source is not
provided to the plasma processing chamber during the deposition step and
the deposition gas from the deposition gas source is not provided to the
plasma processing chamber during the etching step. This may be done by not
providing a component of the etching gas or deposition gas. For example,
oxygen or an oxygen containing gas is a key etching component to an
25etching gas. Even though C4F6 is also used in the etchant gas, etching
cannot be accomplished by CIF without oxygen in this example. So not
providing oxygen or an oxygen containing gas during the deposition step is
a method of not providing the etching gas during the deposition step, even
if C4F6 is provided during deposition. It is also preferred that the
deposition process is a non-etching or negligently etching at most
(comprising less than 10% 30 of the layer to be etched) for forming the
protective coating. Such a deposition process may be, but is not limited
to, CVD deposition or sputtering, since CVD and sputtering are not used for
etching. If the deposition gas is the same as the polymer former in the
etch step, then the deposition gas may be provided during the etch step. In
such a case, one difference between the deposition step and the etch step
is that an etching component of the etch gas is present  only during the
etch step. In addition, bias power during the etch step may be higher to
provide the directional etching.       Providing a separate deposition step
and the presence of the polymer former to provide polymerization during the
etch step allows the use of higher energy etching ions for higher 5etching
rate and better anisotropic etching.       By keeping passivation gases in
an etching mixture, it is possible to use higher ion energies without
unacceptable erosion and damage of the etching mask. Additionally,
anisotropic etching can be achieved during the duration of the etching
step. By using separate passivation steps, profile and mask protection can
be 10optimized by choosing, for example, a passivation chemical mixture
that forms a harder and more durable coating than produced by an etching
mixture, since the inter-reaction of etching and retardation gases in the
discharge can degrade the quality of the coating. Additionally, the
passivation chemistry conditions, such as pressure and concentration, may
be tailored to optimize the properties of the passivation coating 15such as
the composition, thickness.       Therefore, by having independent
passivation and etch-passivation steps processing conditions, such as
temperature, power, pressure, ion energy, and processing gases, may be
independently controlled varied to provide optimal conditions for each step
to provide an optimized coating and an optimized etch. 20Other inert gases
instead of argon may be used as carrier gases during both the etching 



and deposition. An example of another inert gas would be neon.       In an
embodiment of the invention, the chamber wall areas, which may contact the
plasma (a mixture of chemicals and charged particles sustained by the
electrical discharge), are made to be as small as possible and to be
maintained at elevated 25temperatures. The object of this is to minimize
the total deposition on the chamber wall areas so as to avoid the so-called
"memory" effect, by which the chemical elements contained in the coating of
the chamber wall areas formed in one processing step can be released to
interfere with the subsequent steps. It may also be desirable that the gas
travel time from the precursor source to the 30processing chamber is made
to be very short. The gas flow stability time, denoting the time to
establish a constant desired flow and the time to establish complete
absence of the said gas at the processing chamber, is made to be very short
so that the transition from one stable gas mixture composition to the next
can be made to be very fast. The  object of this is to avoid inter-mixing
of chemicals between two different steps, which can degrade the
performance.       It may also be desirable that the electrical system and
the control network controlling the conversion of the electrical power into
an electrical discharge reacts 5very fast with respect to the changes of
the discharge conditions and power requirements. Furthermore, it may
desirable to be able to quickly change and stabilize other t external
conditions of the processing chamber, such as the pressure of the gas
mixture and the temperature of the wafer substrate. Since the two different
steps may be repeated a large number of times process conditions to
accommodate each step 10must be change several times. Allowing such process
conditions to be changed quickly allows for a faster cycling time and
allows the process conditions to be varied significantly between steps to
optimize each step individually. Therefore, it may also be desirable to
have a central computerized system that is able to control and synchronize
the rapid changing of the processing conditions. The computer is used to
15send-commands for the required changes and synchronize with a
pre-determined time delays of various devices providing the plurality of
condition changes in the processing chamber.      The deposition step may
comprise a series of different coating steps. The etching step may comprise
a series of different etching steps. 20 



Trench Etch Example      FIG. 13 is a high level flow chart for an example
for forming a dual damascene feature using a via first scheme. First a
plurality of vias are formed (step 1304). The vias may be formed using the
method described in the previous example. FIG. 14A is 25a cross-sectional
view of part of a substrate 1410 over which a trench pattern mask 1428 has
been formed. A first contact 1404 and a second contact 1406 may be placed
in a low-lc dielectric layer 1408 over the substrate 1410. A dielectric
barrier layer 1412, typically, but not limited to silicon nitride or
silicon carbide, may be placed over the first and second contacts 1404,
1406 to prevent the copper diffusion. A low-k 30dielectric layer 1420 was
placed over the barrier layer 1412. First 1440 and second 1444 vias have
been etched into the low-k dielectric layer 1420. Partial plugs 1448 may be
formed at the bottom of the vias (step 1308). This is an optional step. In
some embodiments, this step of forming a partial plug would be omitted. A
trench patterned mask 1428 is formed over the substrate (step 1312).  The
low-k dielectric layer 1420 is subjected to a trench etch cycle 1314. The
trench etch cycle 1314 comprises the steps of depositing a protective layer
on the sidewalls of the via with a plasma deposition (step 1316) and
etching through the mask (step 1312). The cycle is repeated until the end
of the etch (step 1324). In a preferred 5embodiment, the trench etch cycle
is repeated at least one time. More preferably, the trench etch cycle is
repeated at least three times. Most preferably, the trench etch cycle is
repeated at least five times. It is believed that the greater number of
cycles allows for thinner sidewalls to be applied with each cycle, allowing
for a reduction in fencing and reduced faceting. FIG. 14B is a
cross-sectional view of part of the substrate 1410 10after the protective
layer 1452 has been deposited. Preferably, the deposition of the protective
layer is an isotropic line-of-sight plasma deposition, which in this
embodiment forms a thicker layer on the top surface of the mask and a
thinner layer on the sidewalls of the vias. Most preferably, the deposition
is of a surface reaction type, in which case the deposited protective layer
is conformal, meaning to possess equal 15thickness on the top as well as
the sidewall surfaces. Preferably, the deposition process also contains
such directional removal mechanism, such as ion assisted etching or
sputtering, in such a manner that the net effect of applying the deposition
process is to yield a protective coating on the vertical sidewall surface
with little or no deposition on the horizontal surface that may impedes
progression of the trench 20etching process. It is therefore preferred that
the deposition process also is of sufficiently high ion energy so as to
effect a selective sidewall protection, meaning that a protective coating
selectively forms only on the vertical profile sidewall but not the
horizontal etching front surfaces of the dielectric layer to be etched. A
protective coating can formed on the horizontal top surfaces of the mask
pattern since the 



25 chemistry is carefully selected in such a way that it is reactive
towards the dielectric layer but not reactive towards the mask layer. FIG.
14C is a cross-sectional view of part of the substrate 1410 after the step
of etching the trench through the mask (step 1320). Some or all of the via
sidewall is etched away.. In the preferred embodiment, the etching is a
high ion energy directional anisotropic etch. 30After the trench is
partially etched, if the etching is to continue (step 1324) the process
cycles back up to step 1316 where another protective layer 1460 is
deposited, which again forms protective sidewalls in the vias, as shown in
FIG. 14D. More etching of the trench is performed (step 1320) to further
deepen the trench 1456, as shown in FIG. 14 E. The cycle is continued until
the trench is etched to the desired  depth (step 1324). Then the remaining
protective layer and mask is stripped (step 1328).      This embodiment
provides sidewall protection to prevent faceting. The need for a high plug
to prevent faceting may be eliminated. A shorter plug may be used to
5prevent the opening of the barrier layer. However, sonic embodiments may
eliminate all plugs. Recipe      In a specific example of the invention, a
CoraITM layer is etched to form a dual damascene feature using a via first
method. Vias are first etched into the Coral (step 101304). In this
example, no partial plug is formed. A photoresist trench pattern mask is
formed over the Coral layer (step 1312). An antireflective layer or other
layers may be placed between the coral layer and the photoresist mask. In
such a case, various etch steps may be added to open such intermediate
layers. A deposition of the protective layer on sidewalls of the via (step
1316) is performed in 15the Exelan DFC 2300 at a pressure of 80 millitorr,
with 400 watts applied at 27 MHz and 0 watts applied at 2 MHz. The
deposition chemistry is 600 seem of Argon, 80 seem H2, and 60 seem of CF4.
The upper electrode is placed at a temperature of 25C. The chuck is placed
at a temperature of 20 C. The backside inner zone chuck pressure of helium
is placed at 15 ton. The backside outer zone chuck pressure is placed at 15
ton-. This step is carried tit for 45 20seconds.       An etching of
trenches into the CoralTM layer is performed in the Exelan DFC 2300 at a
pressure of 80 millitorr, with 800 watts applied at 27 MHz and 0 watts
applied at 2 MHz. The etch chemistry is 200 seem of Argon, 60 seem of CF4,
20 sccm CITB3, and 10 seem of 02. The CF4 would be a polymer former gas;
which provides polymerization during the etching. 25The 02 would be the
etching enabler gas. Although the fluorine from CF4 is used in etching, 



the fluorine in this example requires the presence of oxygen to enable
etching. The upper electrode is placed at a temperature of 25 C. A chuck is
placed at a temperature of 20 C. A backside inner zone chuck pressure of
helium is placed at 15 ton. A backside outer zone chuck pressure is placed
at 15 ton. 30The trench etching gas should contain at least one of the
polymer foimer gas component as well as at least one etching gas component.
The polymer former gas is needed to provide sidewall protection on the
trench sidewall surface to effect a vertical trench profile in an
anisotropic etching manner. It should be noted that the trench vertical
surfaces are being continuously opened up during the trench etching
duration hence needs to be protected during  the french etching duration,
while the via vertical surfaces are opened before the trench etching is
commenced, since trench and via vertical sidewalls are quite different.
Medium to high ion energies are also preferred to benefit such properties
as trench profile, mask and underlayer selectivities. In the etching
example, the 800w 27MI-lz RF power provides > 200 5ev of ion bombardment
energy. Even higher ion energy is possible depending upon its effect on
such trench etching properties as micro-trenching, aspect ratio dependency,
etc.       The deposition of the protective layer (step 1316) is performed
for 45 seconds. Next, the trench is etched for 30 seconds (step 1320). The
deposition of the protective layer (step 1316) and the etching of the
trench (step 308) may be repeated a number of times, which 10provides a
trench etch of 3300 A.       FIG. 15A is a photomicrograph of a
cross-sectional view of a dual damascene feature that has been etched
according to the example. FIG. 15B is a top and side perspective view of
the dual damascene feature Vias 1504 are etched into the Coral layer 1508.
A trench 1512 is also etched into the Coral layer. Since this example did
not use a partial plug, no plug is in 15the vias, so that an additional
step of removing the plug is not needed. The via and trench are well
formed, although a small amount of faceting 1516 may be seen. The
micrograph also shows that fencing in this example has been either
significantly reduced or eliminated. FIG.'S 8A and 8B illustrate a computer
system 800, which is suitable for using as the controller 535. FIG. 8A
shows one possible physical term of a computer system 20that may be used
for the controller 535. Of course, the computer system may have many
physical forms ranging from an integrated circuit, a printed circuit board,
and a small handheld device up to a huge super computer. Computer system
800 includes a monitor 802, a display 804, a housing 806, a disk drive 808,
a keyboard 810, and a mouse 812. Disk 814 is a computer-readable medium
used to transfer data to and 



25from computer system 800. FIG. 8B is an example of a block diagram for
computer system 800. Attached to system bus 820 are a wide variety of
subsystems. Processor(s) 822 (also referred to as central processing units
or CPUs) are coupled to storage devices, including memory 824. Memory 824
includes random access memory (RAM) and read-only memory 30(ROM). As is
well known in the art, ROM acts to transfer data and instructions uni-
directionally to the CPU and RAM is used typically to transfer data and
instructions in a bi-directional manner. Both of these types of memories
may include any suitable type of the computer-readable media described
below. A fixed disk 826 is also coupled 13i-directionally to CPU 822; it
provides additional data storage capacity and  may also include any of the
computer-readable media described below. Fixed disk 826 may be used to
store programs, data, and the like and is typically a secondary storage
medium (such as a hard disk) that is slower than primary storage. It will
be appreciated that the information retained within fixed disk 826 may, in
appropriate 5cases, be incorporated in standard fashion as virtual memory
in memory 824. Removable disk 814 may take the fonn of any of the
computer-readable media described below. CPU 822 may be also coupled to a
variety of input/output devices, such as display 804, keyboard 810, mouse
812 and speakers 830. In general, an input/output 10device may be any of:
video displays, track balls, mice, keyboards, microphones, touch-sensitive
displays, transducer card readers, magnetic or paper tape readers, tablets,
styluses, voice or handwriting recognizers, biometrics readers, or other
computers. CPU 822 optionally may be coupled to another computer or
telecommunications network using network interface 840. With such a network
15interface, it is contemplated that the CPU might receive information from
the network, or might output information to the network in the course of
performing the above-described method steps. Furthermore, method
embodiments of the present invention may execute solely upon CPU 822 or may
execute over a network such as the Internet in conjunction with a remote
CPU that shares a portion of the processing. 20In addition, embodiments of
the present invention further relate to computer storage products with a
computer-readable medium that have computer code thereon for performing
various computer-implemented operations. The media and computer code may be
those specially designed and constructed for the purposes of the present
invention, or they may be of the kind well known and available to those
having skill in 25the computer software arts. Examples of computer-readable
media include, but are not 



limited to: magnetic media such as hard disks, floppy disks, and magnetic
tape; optical media such as CD-ROMs and holographic devices;
magneto-optical media such as floptical disks; and hardware devices that
are specially configured to store and execute program code, such as
application-specific integrated circuits (ASICs), programmable 30logic
devices (PLDs) and ROM and RAM devices. Examples of computer code include
machine code, such as produced by a compiler, and files containing higher
level code that are executed by a computer using an interpreter. Computer
readable media may also be computer code transmitted by a computer data
signal embodied in a  carrier wave and representing a sequence of
instructions that are executable by a processor. While this invention has
been described in terms of several preferred embodiments, there are
alterations, permutations, and substitute equivalents, which 5fall 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. It is therefore intended that the following appended claims be
interpreted as including all such alterations, permutations, and substitute
equivalents as fall within the true spirit and scope of the present
invention. 10  CLAIMS What is claimed is:  1. A method for forming a dual
damascene feature while preventing faceting and fence formation comprising:
forming vias in an etch layer; providing a trench patterned mask over the
etch layer;       etching a trench into the etch layer, wherein the etching
the trench comprises a cycle of: forming protective sidewalls over the
sidewalls of the vias; and etching a trench through the trench patterned
mask; and 



stripping the mask; and repeating the trench cycle at least three times.
2. The method as recited in claim I, wherein the trench etch cycle is
repeated at least five times.  3. The method, as recited in claim 2,
wherein the passivation and etching are performed in a common plasma
processing chamber.  4. The method, as recited in claim 3, wherein the
deposition uses a non-directional deposition and the etching step uses a
directional etching.  5. The method, as recited in claim 4, wherein the
wafer is bombarded by energetic ions with ionic energy greater than 100 ev
during the deposition step.  6. The method, as recited in claim 4, wherein
the passivation is a non-etching or a negligibly etching deposition.  7.
The method, as recited in claim 6, wherein the deposition process is
selected from at least one of chemical vapor deposition and sputtering.
8. The method, as recited in claim 4, wherein the deposition step uses a
mixture containing CF4 and H2.  9. The method as recited in claim 8,
wherein the CF4 to H2 gas flow ratio is in the range of 0.6:1 to 1.4:1 by
volume flow rate.  10. The method, as recited in claim 4, wherein the
deposition uses a gas mixture containing at least one of H2, CH3F, CH2F2,
CHF3, C4F6, C4F8 as the polymer former and at least one of CF4, C2F6, and
NF3 as the etching gas.  11. The method, as recited in claim 10, wherein
the etching uses an etching gas mixture with components and wherein the
forming the protective sidewalls uses a deposition gas mixture with
components, wherein at least some of the components of the deposition gas
mixture are not mixed with at least some of the components of the etching
gas mixture.  12. The method, as recited in claim 1, wherein the etch layer
is a low-k dielectric material.  13. The method, as recited in claim 1,
wherein the via holes are not filled with a sacrificial filler material
prior to the start of the trench plasma etching process.  14. The method,
as recited in claim 1, wherein the via holes are filled with a filler
material to no more than 50% of the via hole height prior to the start of
the trench plasma etching process. 




