
METHOD OF FORMING ELECTRICAL INTERCONNECTS WITHIN
INSULATING LAYERS THAT FORM CONSECUTIVE SIDEWALLS
INCLUDING FORMING A REACTION SIDEWALL ON THE INNER
LAYER FIELD OF THE INVENTION The present invention
relates to methods of forming integrated circuit
devices and, more particularly, to methods of forming
integated circuit devices having conductive patterns
within insulating layers. BACKGROUND  OF THE INVENTION
integrated circuit devices having high levels of
device integation frequently utilize signal lines and
electrically conductive device structures that are
spaced closely to each other. in order to reduce
parasitic coupling capacitances between the closely
spaced signal lines and device structures,
electrically insulating materials having 10relatively
low dielectric constants have been considered as
materials for electrically isolating signals lines and
device structures from each other. The use of
insulating materials with low dielectric constants
improves device performance by reducing the RC time
constants of signal lines and conductive device
structures and thereby supporting higher speed.
switching. 15One commonly used electrically insulating
material having a relatively low dielectric constant
is SiCOH. Unfortunately, SiCOH may he etched at a
relatively high rate because it is relatively porous
compared to other insulating materials such as Si02.
Hard mask layers have frequently been utilized as etch
masks in order to limit over-etch of SiCOB materials.
Nonetheless, lateral over-etching and undercutting of
20 SiCOH may occur even when hard mask layers are
used. This lateral over-etching is illustrated by FIG.
I. In particular, FIG. I iilustrates an electrically
insulating layer 20b formed of a material having a
relatively low dielectric constant (e.g., SiCOH) and a
hard mask layer 2% formed on the electrically
insulating layer 20b. A phetoinhographically defined
etching step is performed to define an opening that 



25extends through the hard mask layer 20a and the
underlying electrically insulating layer 20b. As
illustrated, the etching step may result in the
formation of an undercut region U having a sidewall
that is laterally recessed relative to the opening in
the hard  mask layer 29a. The opening is then tilled
with an electrically conductive region 10, which may
have reduced reliability as a result of the undercut
region U. In particular, the presence of the undercut
region U may result in the formation of a void (not
shown) in the electrically conductive region 10.
SUMMARY OF THE INVENTION Methods of forming integrated
circuit devices according to embodiments of the
invention include forming an electrically insulating
layer on a substrate and fanning a hard mask on the
electrically insulating layer, The hard mask and the
10electrically insulating layer are etched in sequence
to define an opening therein that exposes inner
sidewalls of the hard mask and the electrically
insulating layer. The inner sidewalk of the hard mask
are then recessed relative to the inner sidewalls of
the electrically insulating layer. 'this recession of
the sidewalls of the hard mask operates to improve
device yield and limit void foiniation in a
subsequently formed 15conductive pattern, by
accounting for recession of the sidewalls of the
electrically insulating layer during subsequent
process steps and thereby inhibiting the likelihood of
formation of an undercut region beneath the hard mask.
In particular, the sidewalls of the hard mask are
preferably recessed by an amount sufficient to cause
realignment of the sidewalk of the hard mask and
electrically insulating layer when the sidewalk 20of
the electrically insulating layer are subsequently
recessed. This recession of the sidewalls of the
electrically insulating layer may occur when a
sacrificial reaction layer is formed on the inner
sidewall of the electrically insulating layer and then
removed. According to additional embodiments of e
invention,the step of forming an 



25electrically insulating layer on a substrate is
preceded by the steps of forming an electrically
conductive pattern on the substrate and forming an
etch-stop layer on the electrically conductive
pattern. According to these embodiments of the
invention, the step ofselectivel y etching the hard
mask and the electrically insulating layer includes
selectively etching the hard mask and the electrically
insulating layer in sequence to 30define an opening
therein that exposes the etch-stop layer. The step of
selectively etching the hard mask and the electrically
insulating layer in sequence may also be preceded by
the steps of forming a via hole (VII) that extends
through the hard mask and the electrically- insulating
layer and fitting the via hole with a first
sacrificial layer, Moreover, the step of forming a
sacrificial reaction layer on the inner sidewall  of
the electrically insulating layer may actually occur
when at least a portion of the first sacrificial layer
is removed using an ashing technique. The sacrificial
reaction layer may be removed from the recessed inner
sidewal.1 of the electrically insulating layer by
exposing the sacrificial reaction layer to a diluted
hydrofluoric acid solution. According to still further
embodiments of the present invention, the step of
selectively etching the hard mask and the electrically
insulating layer in sequence includes selectively
etching the first sacrificial layer, the hard mask and
the first electrically insulating layer in sequence to
define a trench therein that exposes inner sidewalls
of the -first sacrificial layer, the hard mask and the
electrically insulating 10layer. According to these
embodiments of the invention, the step of recessing
the inner sidewall of the hard mask includes recessing
the inner sidewall of the hard mask relative to the
inner sidewall of the first sacrificial layer and the
inner sidewall of the electrically insulating layer by
exposing the inner sidewall of the hard mask to a
diluted hydrofluoric acid solution. Subsequent steps
may then be performed to define 15a patterned
conductive region in the trench. This conductive
region may operate as a metal interconnect, such as a
copper damascene interconnect, BRIEF DESCRIPTION OF
THE DRAWINGS The above and other features and
advantages of the invention will become 20more
apparent by describing in detail preferred embodiments
thereof with reference to 



the attached drawings in which:       FIG. I
illustrates a vertical profile of a conductive
material that is formed by a general semiconductor
manufacturing method;         FIGS. 2-10 are
cross-sectional views of intermediate structures that
illustrate 25methods of terming integrated circuit
devices according to embodiments of the present
invention; and       FIGS. I IA-11F are
cross-sectional views of intermediate structures that
illustrate methods of forming integated circui.t
devices according to additional embodiments of the
present invention, 30 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS        Advantages and features
of the present invention and methods of accomplishing
the same may he understood more readily by reference
to the thilowing detailed description of preferred
embodiments and the accompanying  drawings. The
present invention may, however, be embodied in many
different forms and should not be construed as being
limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure
will be thorough and complete and will fully convey
the concept of the present invention to those skilled
in the art, and the present invention will only be
defined by the appended claims. Like reference
numerals refer to like elements throughout the
specification.       The embodiments in this
specification will be described with reference to plan
views and cross-sectional views, which are ideal
schematic views. Accordingly, the florins of exemplary
views may be changed according to manufacturing
technology 10and/or allowable margin of error. Thus,
the embodiments of the invention are not limited to
the specific forms that are shown but include the
change of the forms generated according to
manufacturing processes. Accordingly, regions
exemplified in the drawings are schematically shown,
and the shapes of the regions exemplified in the
drawings are shown to exemplify the specific shapes of
regions in a device but do 15not limit the scope of
the invention. Referring now to FIG. 2, methods of
forming integrated circuit devices 



according to embodiments of the present invention
include forming a first electrically insulating layer
120 on a semiconductor substrate (not shown) and
forming a first electrically conductive pattern 110 in
the first electrically insulating layer 120. An
20etch-stop layer 130 is formed on the first
electrically conductive pattern 110 and the first
electrically insulating layer 120. The etch-stop layer
130 may function as a capping layer to protect the
underlying first electrically insulating layer [20. A
second electrically insulating layer 140 is thnned on
the etch-stop layer 130 and a hard mask 150 is formed
on the second electrically insulating layer 140, The
hard 25mask 150 may be photolithographically patterned
(e.g., using a photo resist mask (not shown)) to
define an opening therein and then an etching step may
be performed to define a via hole Vth that extends
through the second electrically insulating layer 140
and exposes an upper surface of the etch-stop layer
130. During this etching step, the patterned hard mask
150 may be used as a "sub-etching" mask with the photo
resist 30mask (not shown) operating as a primary
etching mask. The etching step may include a dry
"anisotropic" etching step or a plasma etching step,
for example. According to some embodiments of the
present invention, the first electrically conductive
pattern I 1 i) may be a semiconductor junction region
(e.g., N-t or 11+- region), a metal pattern (e.g.,
copper pattern, metal salacity pattern) or an
electrically  conductive tine, for example. One
example of an electrically conductive line is a doped
or undoped polysilicon tine. in other embodiments of
the invention, the first electrically insulating layer
120 may be replaced by a semiconductor substrate
region. The first electrically insulating layer 120
may be formed as a silicon oxide layer. in particular,
the first electrically insulating layer 120 may be
formed as a SiCOH layer, which has a relatively low
dielectric constant and relatively high porosity. The
use of a material having a relatively low dielectric
constant may improve device performance (e.g.,
increase switching speed) by reducing parasitic
coupling capacitances between adjacent electrically
conductive regions and structures. 10Alternative
electrically insulating materials having relatively
low dielectric constants include OMCTS
(octarriethylcyclotetrasilomme) and TMCTS
(tetramethycyclotetrasilexane), for example. As
understood by those skilled in the art, increasing the
porosity of an 



electrically insulating material may result in a
decrease in the dielectric constant of 15the material.
One technique to increase the porosity of an
electrically insulating material includes farming
organic material dots within the insulating material
as the electrically insulating layer is being formed.
Once formed, the organic material dots may be removed
from the layer to thereby define porous vacancies
within the layer. For example, a first electrically
insulating layer 120 may be foilised using a thermal
20deposition method and/or plasma deposition method.
During these methods, a source gas containing gaseous
SiCOIT (or a combination of silane systemic gas, 02,
H9, C, CO2 and C(Hy02) may be provided to a deposition
chamber to form the insulating layer 120 containing
organic material dots therein. Then, an ashing step
and/or annealing step under an oxygen atmosphere may
be performed to remove the organic material dots
within the insulating layer 120.       The etch-stop
layer 130 may be formed of a material having a greater
etch resistance relative to the first electrically
insulating layer 120. in particular, the etch stop
layer 130 may be formed as an inorganic material
layer, such as an Si02 layer, a silicon nitride layer,
a silicon oxynitride layer or a SixchT, layer. The
second 30electrically insulating layer 140 may be
lottiled of the same material as the first
electrically insulating layer 120.       The hard mask
150 may be formed of a material having a greater etch
resistance relative to the second electrically
insulating layer 140. In some embodiments of the
invention, the hard mask 150 is formed of the same
material as  the etch-stop layer 130. In other
embodiments of the invention, the hard mask 150 may be
formed as a low temperature silicon oxide layer (e.g.,
tetraethylorthosilicate (TEOS)), such as a silicon
oxide layer formed at a temperature of 400 C or below
400 C. In alternative embodiments of the invention,
the hard mask 150 may be formed as a composite of
multiple layers. For example, in the event the second
electrically insulating layer 140 is formed as a.
SiC0I-I layer, then the hard mask 150 may be formed as
a composite of an OMCTS layer (or TMCTS layer) and a
TEOS layer. The hard mask 150 may also be formed as a
composite of silicon oxide and silicon nitride layers
(e.g., an oxide-nitride-oxide (0140) composite layer).
10Referring now to FIG. 3, the via hole VII is filled
by depositing a first sacrificial layer 160 as a
blanket layer on the patterned hard mask 150. This
first sacrificial layer 160 may be formed of an
organic material. Thereafter, a second sacrificial
layer 170 is deposited on the first sacrificial layer
160 and an anti-reflective coating 180 (ARC) is
deposited on the second sacrificial layer 170. In
contrast to the 15first sacrificial layer 160, the
second sacrificial layer 170 may be formed of an
inorganic material and may even be formed of the same
material as the hard mask 



150. A photoresist layer is then deposited on the
anti-reflective coating 180 and patterned to define a
pliotoresist pattern (13) thereon. According to some
embodiments of the present invention,second
20sacrificial layer 170 may be formed as a low
temperature silicon oxide layer. In particular, the
second sacrificial layer 170 may be formed at a
temperature of 400C or below 400 'C. In alternathe
embodiments of the invention, the second sacrificial
layer [70 may be formed at a temperature of 1000 GC or
less. For example, the second sacrificial layer 170
may be formed at an intermediate temperature in a
range 75between 400C and 800 'C. The anti-reflective
coating 180 may be formed as an organic material layer
or an inorganic material layer. For example:, the
anti-reflective coating 180 may be formed as an
organic material layer in the event the underlying
second sacrificial Layer 170 is formed as an inorganic
material layer. Alternatively, ii the anti-reflective
30 coating 180 is fowled as an inorganic material
layer, such as silicon oxynitride, it may be
selectively etched relative to an underlying second
sacrificial layer 170 formed of silicon nitride.
Referring now to EEG. 4, the anti-reflective coating
180, second sacrificial layer 170, first sacrificial
layer 160, hard mask 150 and second electrically
insulating  layer 140 are sequentially etched to
define a trench T that exposes the etch-stop layer
130. As illustrated, the masked sequential etching
step results in the formation of a anti-reflective
coating pattern 180a, second sacrificial layer pattern
170a, first sacrificial layer pattern I60a, hard mask
pattern. 150a and second electrically insulating layer
pattern 140a. In the event the anti-reflective coating
180 is formed of an organic material, then the
anti-reflective coating pattern. 180a may be formed
when the photoresist pattern P is formed. lit the
event the second sacrificial layer 170 is formed of an
inorganic material (e.g., silicon dioxide), then the
second sacrificial layer 170 may he 10dry etched using
a halogen group element. Examples of gases containing
halogen group elements include C,F:" Cicidyfz,
WF6,1-1.13r and CCI4. Alternatively, the second
sacrificial layer 170 may be patterned using a wet
etching method that includes a hydrofluoric acid
(friF) solution. In addition, portions of the first
sacrificial layer 160 that are not covered by the
second sacrificial layer pattern 1.70a during the
sequential 



15etching step may be removed by ashing or other
etching step to remove organic materials. The hard
mask 150 may be patterned using the same techniques
used to flui,i the second sacrificial layer pattern
170a. in particular, in the event the hard mask 150 is
formed of an inorganic material, such. as silicon
dioxide, then the hard mask 150 may be dry etched
using a halogen group element. Alternatively, the hard
mask 150 may be patterned using a wet etching method
that includes a hydrofluoric acid (HF) solution. 'The
trench T is formed in the second electrically
insulating layer 140 by using the plurality of
patterned layers 150a, 1.60a, 170a and 180a as an etch
mask. The etching step used to form the trench T may
be controlled to have a sufficient duration to
completely remove the first sacrificial layer 160 from
the via hole VTi and expose an upper surface of the
etch-stop layer 130. This etching step may include
plasma etching the second electrically insulating
layer 140. Referring now to FIG. 5, the photore,sist
pattern P, the anti-reflection coating 30pattern 130a
and the second sacrificial layer pattern 170a are
removed to expose the underlying first sacrificial
layer pattern 160a. Thereafter, the exposed sidewalls
of the hard mask pattern 150a are recessed to define a
recessed hard mask pattern I50b. This recession of the
exposed sidewafis may be performed by exposing the
hard mask 150a to a wet etching solution, such as a
diluted hydrofluoric acid (I-IF) solution. The
concentration of the diluted HF may be set at a volume
ratio of 200:1 (Le., 1120 (volume):HF(volume)=200: I).
Other concentrations may also be used depending on
application and characteristics of the hard mask
pattern 150a and surrounding layers. The substantial
recession of the exposed sidewalls of the hard mask
pattern 150a relative to the minimal recession, if
any, of the exposed sidewalls of the second
electrically insulating layer pattern 140a may be
enhanced by using a hard rnask 150 formed of a
material that is relatively hydrophilic and a second
electrically insulating layer 140 formed of a material
that is relatively hydrophobic. A plasma treatment may
be performed to enhance the hydrophilic
10characteristics of the hard mask pattern 150a and
enhance the hydrophobic characteristics of the second
electrically insulating layer pattern 140a. For
example, the plasma treatment may include the use of
gases containing carbon, a halogen group element(s),
nitrogen, hydrogen, an inert gas and combinations
thereof Alternative plasma compositions and treatments
may also be performed in alternatively 



15embodiments of the invention. The formation of the
second electrically insulating layer pattern 140a by
plasma etching the second electrically insulating
layer 140 may also result in an increase in the
hydrophobic properties of the second &ex:laically
insulating layer pattern I40a. Referring now to FIG,
6, an ashmg process is performed on th 20structure of
FIG. 5 to thereby remove the first sacrificial layer
pattern 160a. This ashing process may result in the
formation of a reaction layer 145 along exposed
portions of a recessed second electrically insulating
layer pattern 140b. This reaction Layer 145 may be
treated as a plasma reaction layer. In particular, the
formation of the reaction layer 145 may operate to
modify the characteristics of the exposed portions of
the recessed second electrically insulating layer
pattern 140b by increasing the hydrophilic properties
of the exposed portions. The ashing process may be
performed for a sufficient duration to convert the
exposed portions from hydrophobic to hydrophilic.
Referring now to FIG. 7, the exposed portion ol the
etch-stop layer 130 is then 30removed to define an
etch-stop layer pattern 103a. The etch-stop layer 130
may be etched using both dry etching or wet etching
techniques. In the event a wet etching process is
used, then an acid such as phosphoric acid, nitric
acid, sulfuric acid, hydrochloric acid, hydrofluoric
acid and combinations of these acids may be used
depending on the material characteristicsthe etch-stop
layer 130. However, if a  dry etching process is used,
then a plasma etching technique may be performed using
a combination of carbon, halogen and an inert gas, for
example. Referring now to FIG. 8, the reaction layer
145 is removed from the recessed second electrically
insulating layer pattern I40b. This reaction layer 145
may be removed using a wet etching solution containing
hydrofluoric acid. It is preferably that the
composition of this wet etching solution be designed
to have relatively limited impact on the recessed hard
mask pattern. 150bnot significantly etch the hard mask
pattern 150b. The removal of the reaction layer 145
also illustrates an alignment between inner sidewalls
150s of the recessed hard mask pattern 15013 and
10inner sidewalls, of the recessed second electrically
insulating layer pattern 140h. 



Referring now to FIG. 9, an electrically conductive
liner 190 is conformally deposited on the intermediate
structure of FIG. S. As illustrated, this electrically
conductive liner 190 contacts an exposed upper surface
of the first electrically conductive pattern 110 and
lines sidewalls of the recessed second electrically
insulating layer pattern 140h and sidewalls and an
upper surface of the recessed hard mask pattern 150b.
The electrically conductive liner 190 may be formed as
a single conductive layer or as a multilayer, in
particular, the liner 190 may be formed as a Ti/TIN
layer, a ViThl layer or a TaN layer, for example,
however other materials may also he used. The liner
190 may be formed by electroplating, electroless
plating 20 and/or sputter depositing. Sputter
depositing may include forming a seed layer and then
plating a conductive layer on the seed layer. The
-formation of the conductive liner 190 is followed by
the formation of an electrically conductive layer 200
(e.g., copper layer) that fills the trench T.
Referring now to FIG. 10, the electrically conductive
layer 200 (and liner 190) is then plan.arized to have
an upper surface that is coplanar with the recessed
hard mask pattern I 50b, to thereby define an
electrically conductive pattern 200a. Thereafter, an
electrically conductive capping layer 210 is formed on
the planarized surface of the electrically conductive
part= 200a. According to some embodiments of the
present invention, the capping layer 210 may he formed
of the same material as 30the liner 190. A third
electrically insulating layer 220 is then formed on
the capping film 210 and the recessed hard mask
pattern 150b. in additional embodiments of the present
invention, the third electrically insulating layer 220
may be formed of the same material as the first and
second electrically insulating layers.        FIGS. 1
1A-11E illustrate methods of forming integrated
circuit devices according to additional embodiments of
the present invention, As illustrated by FIG. 11 A, a
first electrically conductive pattern 310 is formed in
a first electrically insulating layer 320. Then, an
etch-stop layer 330 is formed on the first
electrically conductive pattern. 310 and the first
electrically insulating layer 320. This etch-stop
layer 330 is then covered by a second electrically
insulating layer 340. A hard mask 350 is tiarmed on an
upper surface of the second electrically insulating
layer 340. A photolithographically defined etching
step is then performed to selectively etch through the
hard mask 350 and the second electrically insulating
layer 340 to define a 10via hole Vh therein, which
exposes an upper surface of the etch-stop layer 330
and inner sidewalk of the hard mask 350 and the second
electrically insulating layer 340. At this point in
the process, the intermediate structure illustrated by
FIG. 11A is the same as the intermediate structure
illustrated by FIG. 2, including the alternative
embodiments described with respect to FIG. 2.
Referring now to FIG. 11B, a selective etching step is
performed to laterally recess the inner sidewalls of
the hard mask 350 relative to the inner sidewalk of
th.e second electrically insulating layer 340, and
thereby define a modified hard mask 350a. Thus, the
width W1 of the opening in the modified hard mask 350a
is greater than the width Wn of the opening in the
second electrically insulating layer 340. This
20selective etching step to recess the sidewalls of
the hard mask may he the same as the 



corresponding etching step illustrated and described
hereinabove with respect to FIG, 5.       Referring
now to FIG. I1G, the exposed upper surface of the
etch-stop layer is then selectively etched for a
sufficient duration to expose an underlying upper
surface of the first electrically conductive pattern
310. During this selective etching step, a reaction
layer 345 may be formed on the inner sidewall of the
second electrically insulating layer 340. The reaction
layer 345 is then removed, as illustrated by FIG, I
ID, This removal of the reaction layer 345 exposes
recessed inner sidewalls (340s) of the second
electrically insulating layer 340, which are
relatively aligned with the 30previously recessed
inner sidewalls (350s) of the modified hard mask 350a.
However, it is preferable that the inner sidewalls of
the modified hard mask 350a be slightly more recessed
relative to the inner sidewalls of the second
electrically insulating layer 340 to prevent
undercutting. Finally, as illustrated by FIG. Ilk, an
electrically  conductive via plug 360 (with or without
conductive liner/barrier layer) is formed within the
via hole Vii using conventional techniques to define,
in some embodiments, a metal damascene interconnect.
In the drawings and specification,there have been
disclosed typical preferred embodiments of the
invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for purposes of limitation, the scope of the
invention being set forth in the following claims.
WHAT IS CLAIMED IS- I.A method of farming an
integrated circuit device, comprising: forming an
electrically insulating layer on a substrate; forming
a hard mask on die electrically insulating layer;
selectively etching the hard mask and the electrically
insulating layer in sequence to define an opening
therein that exposes inner sidewalls of the hard mask
and the electrically insulating layer;
recessing the inner sidewall of the hard mask relative
to the inner sidewafi of the electrically insulating
layer, using a sacrificial first layer on the hard
mask as an 10etching mask; 



removing the sacrificial first layer while
concurrently forming a reaction layer on the inner
sidewall of the electrically insulating layer that
recesses the inner sidewall of the electrically
insulating layer; selectively etching a portion of the
substrate in the opening using the reaction layer as
an etching mask; and then 15removing the reaction
layer from the recessed inner sidewall of the
electrically insulating layer. 2.The method of Claim
1, wherein forming an electrically insulating layer on
a substrate is preceded by the steps of forming an
electrically conductive 20 pattern on the substrate
and forming an etch-stop layer on the electrically
conductive pattern; and wherein selectively etching
the hard mask and the electrically insulating layer
comprises selectively etching the hard mask, the
sacrificial first layer and the electrically
insulating layer in sequence to define an opening
therein that exposes the etch-stop layer. 25 .The
method of Claim 2, wherein selectively etching the
hard mask, the sacrificial first layer and the
electrically insulating layer in sequence is preceded
by the steps of: terming avia hole that extends
through the hard mask and the 30electrically
insulating layer; and filling the via hole and
covering the hard mask with the sacrificial first
layer.           4. The method of Claim 3, wherein
forming a reaction layer on the inner sidewail of the
electrically insulating layer comprises removing at
least a portion of the sacrificial first layer using
an ashing technique.         5. The method of Claim 4,
wherein removing the reaction layer from the recessed
inner sidewall of the electrically insulating layer
comprises exposing the reaction layer to a diluted
hydrofluoric acid solution. 



6. The method of Claim 5, wherein selectively etching
the hard mask and 10the electrically insulating layer
in sequence comprises selectively etching the
sacrificial first layer, the hard mask and. the first
electrically insulating layer in sequence to define a
trench therein that exposes inner sidewalk of the
sacrificial first layer, the hard mask and the
electrically insulating layer.              The method
of Claim 3, wherein selectively etching the hard mask
and the electrically insulating layer in sequence
comprises selectively etching the sacrificial first
layer, the hard mask and the first electrically
insulating layer in sequence to define a trench
therein that exposes inner sidewalls of the
sacrificial first layer, the hard mask and the
electrically insulating layer. 8.The method of Claim
7, wherein recessing the inner sidewall of the hard
mask comprises recessing the inner sidewall of the
hard mask relative to the inner sidawall of the
sacrificial first layer and the inner sidewall of the
electrically insulating layer. 25        9. The method
of Claim 8, wherein recessing the inner sidewall of
the hard mask comprises exposing the inner sidewall of
the hard mask to a diluted hydrofluoric acid solution.
10. The method of Claim 7, wherein removingreaction
layer from the recessed inner sidewall of the
electrically insulating layer is followed by the step
of filling the trench with a metal interconnect
structure  ii.The method of Claim I, wherein the
electrically insulating layer comprises SitCOH.
12. The method of Claim 1, wherein the hard mask
comprises a material selected from a group consisting
of silicon oxide, an organic metal oxide, silicon
nitride and silicon oxynitride.          13. The
method of Claim 1, wherein forming a reaction layer
comprises exposing the iarter sidewall of the
electrically insulating layer to a plasma. 10
14. The method of Claim 13, wherein exposing the inner
sidewall of the electrically insulating layer to a
plasma comprises exposing the inner sidewall of the
electrically insulating layer to a plasma for a
sufficient duration to convert the surface of the
inner sidewall from hydrophobic to hydrophilic. 



15  15. A method of forming an integrated circuit
device, comprising. forming an electrically conductive
pattern on the substrate; foo,ling an etch-stop layer
on the electrically conductive pattern; and forming an
electrically insulating layer on the etch-stop layer;
20forming a hard mask on the electrically insulating
layer; selectively etching the hard mask and the
electrically insulating layer in sequence to define a.
via hole therein that exposes th.c etch-stop layer;
filing the via hole with an electrically insulating
sacrificial layer; selectively etching the sacrificial
layer, the hard mask and the electrically insulating
layer in sequence to define an opening therein that
exposes inner sidewalk of the sacrificial layer, the
hard mask and the electrically insulating layer and
exposes an upper surface of the etch-slop layer;
selectively etching the inner sidewail of the hard
mask relative to the inner sidewall of the
electrically insulating layer for a sufficient
duration to achieve a hard 750mask having an inner
sidewall that is recessed relative to the inner
sidewall of the electrically insulating layer;
removing at least a portion of the sacrificial layer
using an ashing technique that forms a reaction layer
on the inner sidevvall of the electrically insulating
layer;        selectively etching the exposed upper
surface of the etch-stop layer to expose the
electrically conductive pattern using the reaction
layer as an etching mask; then removing the reaction
layer from within the opening; and then       filling
the opening with an electrical interconnect that is
electrically connected. In the electrically conductive
pattern.        16. The method of Claim 15, wherein
the electrically insulating layer cornorises SiC011. 



17. The method of Claim 15, wherein the hard mask
comprises a material selected from a group consisting
of silicon oxide, an organic metal oxide, silicon
nitride and silicon oxyrinride.        18. The method
of Claim 15, wherein said filing the opening with an
15electrical interconnect is preceded by forming a
liner on the inner sidewall of the electrically
insulating layer. 


