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57 ABSTRACT

Disclosed is a method of forming back end of the line
(BEOL) metal levels with improved dielectric capping layer
to metal wire adhesion. The method includes process step(s)
designed to address dielectric capping layer to metal wire
adhesion, when the metal wire(s) in a given metal level are
relatively thick. These process step(s) can include, for
example: (1) selective adjustment of the deposition tool used
to deposit the dielectric capping layer onto metal wires
based on the pattern density of the metal wires in order to
ensure that those metal wires actually achieve a temperature
between 360° C.-400° C.; and/or (2) deposition of a rela-
tively thin dielectric layer on the dielectric capping layer
prior to formation of the next metal level in order to reduce

Int. CL the tensile stress of the metal wire(s) below without causing
HO1L 21/768 (2006.01) delamination. Also disclosed is an IC chip formed using the
HO1L 23/532 (2006.01) above-described method.
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METAL LEVEL FORMATION METHOD AND
AN INTEGRATED CIRCUIT STRUCTURE
HAVING A METAL LEVEL WITH
IMPROVED DIELECTRIC TO METAL
ADHESION

FIELD OF THE INVENTION

[0001] The present invention relates to back end of the line
(BEOL) metal levels on an integrated circuit (IC) chip and,
more specifically, to a metal level formation method and an
IC chip having a BEOL metal level with improved dielectric
to metal adhesion.

BACKGROUND

[0002] More particularly, integrated circuit (IC) chips are
formed with back end of the line (BEOL) metal levels. Each
metal level can comprise metal wires (e.g., copper wires)
that fill trenches with a layer of interlayer dielectric (ILD)
material. Typically, at each metal level, the metal wires and
adjacent ILD material will be capped with a dielectric
capping layer (e.g., a silicon nitride capping layer), which
minimizes electromigration (EM) and functions as an etch
stop layer during formation of upper metal levels. In any
case, these metal wires can function as interconnects, which
provide electrical connections to on-chip devices (e.g.,
through vias and/or other metal wires) and/or to off-chip
devices (e.g., through vias, other metal wires and/or input/
output pins). Additionally, these metal wires can function as
passive devices, such as inductors or resistors, or compo-
nents thereof. Recently, passive devices with very thick
metal wires (e.g., metal wires with a height that is greater
than 2 pm, metal wires with a height that is greater than 3
um, etc.) have been incorporated into IC chip designs.
Unfortunately, the resulting IC chips tend to exhibit a
relatively high rate of occurrence of delamination of the
metal wires from the dielectric capping layer above and,
thereby exhibit a relatively high fail rate due to opens and
other structural defects resulting from the delamination.
Thus, there is a need in the art for a BEOL metal level
formation method that can provide relatively thick metal
wires without a corresponding increase in the rate of occur-
rence for delamination.

SUMMARY

[0003] In view of the foregoing, disclosed herein are
embodiments of a method of forming back end of the line
(BEOL) metal levels with improved dielectric capping layer
to metal wire adhesion. The embodiments include one or
more process steps that are designed to address dielectric
capping layer to metal wire adhesion, when the metal wire(s)
in a given metal level are relatively thick (e.g., >1 pm, >2
pm, >3 um, >5 um, etc.). These process steps can include,
for example: (1) selective adjustment of the deposition tool
that is used to deposit the dielectric capping layer onto metal
wires based on the pattern density of the metal wires in order
to ensure that those metal wires actually achieve a tempera-
ture between 360° C.-400° C.; and/or (2) deposition of a
relatively thin dielectric layer onto the dielectric capping
layer prior to formation of the next metal level in order to
reduce the tensile stress of the metal wire(s) below without
causing delamination. Also disclosed herein are embodi-
ments of an IC chip that is formed using the above described
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method embodiments and that thereby has a BEOL metal
level with improved dielectric capping layer to metal wire
adhesion.

[0004] More specifically, an embodiment of a method of
forming BEOL metal levels with improved dielectric cap-
ping layer to metal wire adhesion can comprise forming a
metal level above a substrate. Specifically, a first dielectric
layer, having a first thickness, can be formed above the
substrate. A trench can be formed in the first dielectric layer.
The trench can be relatively deep (e.g., >1 pm, >2 um, >3
pm, >5 um, etc.) and can be filled with a metal material,
thereby forming relatively thick metal wire. A second dielec-
tric layer (referred to herein as a dielectric capping layer) can
be formed on the first dielectric layer. The second dielectric
layer can be formed so that it has a second thickness, so that
it extends over the trench and so that it is immediately
adjacent to the metal wire contained therein. Next, a third
dielectric layer, having a third thickness, can be formed on
the second dielectric layer. The first thickness of the first
dielectric layer, as well as the depth of the trench, can be
relatively large and, specifically, greater than both the sec-
ond thickness of the second dielectric layer and the third
thickness of the third dielectric layer. That is, both the
second dielectric layer and the third dielectric layer can be
relatively thin. Subsequently, an additional metal level can
be formed on the third dielectric layer.

[0005] In a more specific embodiment, the metal level
formed can comprise a silicon nitride capping layer over
copper wires and the method can specifically be design to
improve silicon nitride capping layer to copper wire adhe-
sion. That is, this embodiment of the method can comprise
forming a metal level above a substrate. Specifically, a first
dielectric layer, having a first thickness, can be formed
above the substrate. Trenches can be formed in the first
dielectric layer. These trenches can be relatively deep (e.g.,
>1 um, >2 pum, >3 pm, >5 pm, etc.) and can be filled with
copper, thereby forming relatively thick copper wires. A
second dielectric layer (referred to herein as a dielectric
capping layer) can be formed on the first dielectric layer. The
second dielectric layer can comprise a silicon nitride layer
and can be formed so that it has a second thickness, so that
it extends over the trenches and so that it is immediately
adjacent to the copper wires contained therein. More spe-
cifically, this second dielectric layer (i.e., the silicon nitride
layer) can be formed using a plasma-enhanced chemical
vapor deposition process that results in self-aligned copper
silicide layers being formed in the upper portions of the
trenches at the interfaces between the silicon nitride layer
and the copper wires. These copper silicide layers provide
for better adhesion between the second dielectric layer and
the copper wires below, thereby minimizing delamination of
the second dielectric layer from the copper wires below.
Next, a third dielectric layer, having a third thickness, can be
formed on the second dielectric layer. The first thickness of
the first dielectric layer, as well as the depth of the trenches,
can be relatively large and, specifically, greater than both the
second thickness of the second dielectric layer and the third
thickness of the third dielectric layer. That is, both the
second dielectric layer and the third dielectric layer can be
relatively thin. Subsequently, an additional metal level can
be formed on the third dielectric layer.

[0006] In an even more specific embodiment, the metal
level formed can comprise a silicon nitride capping layer
over copper wires and the method can specifically be design
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to improve silicon nitride capping layer to copper wire
adhesion by selectively adjusting the tool used to deposit the
silicon nitride capping layer based on the pattern density of
those copper wires in order to ensure that copper wires
achieve a temperature between 360° C.-400° C. during
capping layer deposition. That is, this embodiment of the
method can comprise forming a metal level above a sub-
strate. Specifically, a first dielectric layer, having a first
thickness, can be formed above the substrate. Trenches can
be formed in the first dielectric layer. These trenches can be
relatively deep (e.g., >1 um, >2 pm, >3 um, >5 pm, etc.) and
can be filled with copper, thereby forming relatively thick
copper wires. A second dielectric layer (referred to herein as
a dielectric capping layer) can be formed on the first
dielectric layer. The second dielectric layer can comprise a
silicon nitride layer and can be formed so that it has a second
thickness, so that it extends over the trenches and so that it
is immediately adjacent to the copper wires contained
therein. More specifically, this second dielectric layer (i.e.,
the silicon nitride layer) can be formed using a plasma-
enhanced chemical vapor deposition process that results in
self-aligned copper silicide layers being formed in the upper
portions of the trenches at the interfaces between the silicon
nitride layer and the copper wires. In this case, plasma
exposure time used during the plasma-enhanced chemical
vapor deposition process can be set based on the pattern
density of the copper wires in order to ensure that the copper
wires achieve a temperature between 360° C.-400° C. during
capping layer deposition and, thereby in order to ensure that
the resulting copper silicide layers fill at least the upper
1-3% of each of the trenches. Thus, in cases where the
trenches are, for example, approximately 3 um deep, the
copper silicide layers will be approximately 30-90 nm thick.
The relatively thick copper silicide layers provide for even
better adhesion between the second dielectric layer and the
copper wires below, thereby minimizing delamination of the
second dielectric layer from the copper wires below. Next,
a third dielectric layer, having a third thickness, can be
formed on the second dielectric layer. The first thickness of
the first dielectric layer, as well as the depth of the trenches,
can be relatively large and, specifically, greater than both the
second thickness of the second dielectric layer and the third
thickness of the third dielectric layer. That is, both the
second dielectric layer and the third dielectric layer can be
relatively thin. Subsequently, an additional metal level can
be formed on the third dielectric layer.

[0007] It should be noted that in each of the above-
described methods the process of depositing the third dielec-
tric layer effectively heats the metal wire(s) below (e.g., the
copper wire(s) below) causing them to expand and, thereby
reducing the tensile stress exhibit by the wire(s). Reducing
the tensile stress reduces the pull downward by the metal
wire(s) against the second dielectric layer (i.e., against the
dielectric capping layer). Since this process which heats the
metal wire(s) to reduce tensile stress is performed prior to
formation of an additional metal level, which is relatively
thick and un-flexible, and since it results in only a thin third
dielectric layer being formed, when the metal wire(s) even-
tually cool and contract the thin third dielectric layer can flex
minimizing the opposing forces that could result in delami-
nation of the second dielectric layer from the metal wire(s)
below.

[0008] Also disclosed herein are embodiments of an IC
chip that is formed using the above described method
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embodiments and that thereby has a BEOL metal level with
improved dielectric capping layer to metal wire adhesion.

[0009] Specifically, an embodiment of an IC chip structure
can comprise a substrate and a metal level above the
substrate. The metal level can comprise a first dielectric
layer, having a first thickness, a bottom surface and a top
surface opposite the bottom surface. A trench can extend
vertically into the first dielectric layer from the top surface
and a metal material can fill the trench, thereby forming a
metal wire. A second dielectric layer (referred to herein as a
dielectric capping layer), having a second thickness, can be
above and immediately adjacent to the top surface of the first
dielectric layer. This second dielectric layer can further
extend over the trench and can be immediately adjacent to
the metal wire contained therein. A third dielectric layer,
having a third thickness, can be above and immediately
adjacent to the second dielectric layer. The first thickness of
the first dielectric layer, as well as the depth of the trench,
can be relatively large and, specifically, greater than both the
second thickness of the second dielectric layer and the third
thickness of the third dielectric layer. That is, both the
second dielectric layer and the third dielectric layer can be
relatively thin. An additional metal level can be above and
immediately adjacent to the third dielectric layer.

[0010] In a more specific embodiment, the metal level in
the IC chip structure can comprise a silicon nitride capping
layer over copper wires and can be formed so as to have
improve silicon nitride capping layer to copper wire adhe-
sion. Specifically, this embodiment of an IC chip structure
can comprise a substrate and a metal level above the
substrate. The metal level can comprise a first dielectric
layer, having a first thickness, a bottom surface and a top
surface opposite the bottom surface. Trenches can extend
vertically into the first dielectric layer from the top surface
and copper can fill the trenches, thereby forming copper
wires. A second dielectric layer (referred to herein as a
dielectric capping layer), having a second thickness, can be
above and immediately adjacent to the top surface of the first
dielectric layer. This second dielectric layer can further
extend over the trench and can be immediately adjacent to
the metal wire contained therein. The second dielectric layer
can comprise, for example, silicon nitride layer and, due to
the process used when forming this silicon nitride layer, the
IC chip structure can further comprise self-aligned copper
silicide layers at the interfaces between the silicon nitride
layer and the copper wires. The copper silicide layers can,
for example, fill at least the upper 1-3% of each of the
trenches. Thus, in cases where the trenches are, for example,
approximately 3 um deep, the copper silicide layers will be
approximately 30-90 nm thick. The relatively thick copper
silicide layers provide for better adhesion between the
second dielectric layer and the copper wires below, thereby
minimizing delamination of the second dielectric layer from
the copper wires below. A third dielectric layer, having a
third thickness, can be above and immediately adjacent to
the second dielectric layer. The first thickness of the first
dielectric layer, as well as the depth of the trench, can be
relatively large and, specifically, greater than both the sec-
ond thickness of the second dielectric layer and the third
thickness of the third dielectric layer. That is, both the
second dielectric layer and the third dielectric layer can be
relatively thin. An additional metal level can be above and
immediately adjacent to the third dielectric layer.
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[0011] It should be noted that in each of the above-
described IC chip structures the thin third dielectric layer is
flexible during processing prior to formation of the addi-
tional metal level, thereby allowing the metal wire(s) below
to expand and contract without significant opposing forces
being exerted at the interface(s) between the second dielec-
tric layer and the metal wire(s) Thus, formation of this third
dielectric layer between the second dielectric layer and the
additional metal level, minimizes delamination of the sec-
ond dielectric layer from the metal wire(s) below.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0012] The present invention will be better understood
from the following detailed description with reference to the
drawings, which are not necessarily drawn to scale and in
which:

[0013] FIG. 1 is a flow diagram illustrating a method of
forming BEOL metal levels with improved dielectric cap-
ping layer to metal wire adhesion;

[0014] FIG. 2 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0015] FIG. 3 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0016] FIG. 4 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0017] FIG. 5 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0018] FIG. 6A is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0019] FIG. 6B is a cross-section diagram illustrating an
alternative partially completed structure formed according
to the method of FIG. 1, when the metal wire pattern density
is low;

[0020] FIG. 7 is an exemplary look-up table (LUT) that
can be used in conjunction with the method of FIG. 1;
[0021] FIG. 8 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0022] FIG. 9 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1;

[0023] FIG. 10 is a cross-section diagram illustrating a
partially completed structure formed according to the
method of FIG. 1; and,

[0024] FIG. 11 is a cross-section diagram illustrating a
structure formed according to the method of FIG. 1.

DETAILED DESCRIPTION

[0025] As mentioned above, integrated circuit (IC) chips
are formed with back end of the line (BEOL) metal levels.
Each metal level can comprise metal wires (e.g., copper
wires) that fill trenches with a layer of interlayer dielectric
(ILD) material. Typically, at each metal level, the metal
wires and adjacent ILD material will be capped with a
dielectric capping layer (e.g., a silicon nitride capping layer),
which minimizes electromigration (EM) and functions as an
etch stop layer during formation of upper metal levels. In
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any case, these metal wires can function as interconnects,
which provide electrical connections to on-chip devices
(e.g., through vias and/or other metal wires) and/or to
off-chip devices (e.g., through vias, other metal wires and/or
input/output pins). Additionally, these metal wires can func-
tion as passive devices, such as inductors or resistors, or
components thereof. Recently, passive devices with very
thick metal wires (e.g., metal wires with a height that is
greater than 2 pum, metal wires with a height that is greater
than 3 pum, metal wires with a height that is greater than 5
um, etc.) have been incorporated into IC chip designs.
Unfortunately, the resulting IC chips tend to exhibit a
relatively high rate of occurrence of delamination of the
metal wires from the dielectric capping layer above and,
thereby exhibit a relatively high fail rate due to opens and
other structural defects resulting from the delamination.
Thus, there is a need in the art for a BEOL metal level
formation method that can provide relatively thick metal
wires without a corresponding increase in the rate of occur-
rence for delamination.

[0026] Those skilled in the art will recognize that the high
rate of occurrence of delamination is due to a reduction in
adhesion of the dielectric capping layer to the thick metal
wires below. In developing techniques for minimizing the
occurrence of delamination, the present inventors have
found three distinct factors that effect dielectric capping
layer to metal wire adhesion: (1) the thickness of the metal
wires onto which the dielectric capping layer is deposited;
(2) the pattern factor of the metal wires onto which the
dielectric capping layer is deposited and, thereby the tem-
perature of the metal wires during deposition of the dielec-
tric capping layer; and (3) the thickness of the next layer of
ILD material for the next metal level above and immediately
adjacent to the dielectric capping layer. Specifically, the
present inventors have found that metal wires tend to exhibit
tensile stress, causing those metal wires to pull downward
and away from the dielectric capping layer. The amount of
tensile stress exhibited by a metal wire is a function of the
thickness of the metal wire with relatively thick metal wires
(e.g., metal wires with a height that is greater than 2 um,
metal wires with a height that is greater than 3 um, metal
wires with a height that is greater than 5 pum, etc.) exhibiting
a sufficient amount of stress to cause delamination with
current metal level configurations. The present inventors
have further found that there is a significant correlation
between the pattern density of the metal wires onto which
the dielectric capping layer is deposited and adhesion of the
dielectric capping layer to those metal wires and that this
correlation is due to the temperatures of the metal wires
achieved during deposition of the dielectric capping layer.
Specifically, the present inventors have found that, when the
pattern density of the metal wires is relatively low, the
temperature of the metal wires achieved during BEOL
plasma-enhanced chemical vapor deposition (PECVD) (e.g.,
high density plasma chemical vapor deposition (HDPCVD))
of the dielectric capping layer over exposed metal wires will
also be relatively low and, thus, adhesion of the dielectric
capping layer to the metal wires will be relatively low and
the rate of occurrence of delamination will be relatively
high. The present inventors have further found that, when
the pattern density of the metal wires is relatively high, the
temperature of the metal wires achieved during BEOL
PECVD (e.g., HDPCVD) of the dielectric capping layer
over exposed metal wires will also be relatively high and,



US 2016/0379878 Al

thus, adhesion of the dielectric capping layer to the metal
wires will be relatively high and the rate of occurrence of
delamination will be relatively low. Lastly, the present
inventors have found that there is also a significant corre-
lation between the thickness of the ILD material deposited
onto the dielectric capping layer and adhesion of the dielec-
tric capping layer to the metal wires below and that this
correlation is due to the lack of expansion and contraction of
the ILD material. Specifically, a relatively thick ILD layer is
typically deposited on and immediately adjacent to the
dielectric capping layer of a lower metal level. This thick
ILD layer is then patterned with trenches for the metal wires
of the next metal level. The present inventors have found
that, during the ILD deposition process, the substrate is
heated and, as a result, the metal wires in the metal level
below this ILD material will expand. When the metal wires
begin to cool, they will contract. This expansion and con-
traction process has the benefit of reducing tensile stress in
the metal wires. However, when the ILD layer is relatively
thick, it will not flex or will exhibit only minimal flexing as
the metal wires below expand and contract. Consequently,
the thick ILD layer and metal wires act as opposing forces
that can result in delamination at the interface between the
dielectric capping layer and metal wires.

[0027] In view of the foregoing, disclosed herein are
embodiments of a method of forming back end of the line
(BEOL) metal levels with improved dielectric capping layer
to metal wire adhesion. The embodiments include one or
more process steps that are designed to address dielectric
capping layer to metal wire adhesion, when the metal wire(s)
in a given metal level are relatively thick (e.g., >1 pm, >2
pm, >3 um, >5 um, etc.). These process steps can include,
for example: (1) selective adjustment of the deposition tool
that is used to deposit the dielectric capping layer onto metal
wires based on the pattern density of the metal wires in order
to ensure that those metal wires actually achieve a tempera-
ture between 360° C.-400° C.; and/or (2) deposition of a
relatively thin dielectric layer onto the dielectric capping
layer prior to formation of the next metal level in order to
reduce the tensile stress of the metal wire(s) below without
causing delamination. Also disclosed herein are embodi-
ments of an IC chip that is formed using the above described
method embodiments and that thereby has a BEOL metal
level with improved dielectric capping layer to metal wire
adhesion.

[0028] More specifically, FIG. 1 is a flow diagram illus-
trating a method of forming BEOL metal levels with
improved dielectric capping layer to metal wire adhesion.
[0029] The method can comprise completing front end of
the line (FEOL) processing and middle of the line (MOL)
processing of a semiconductor wafer in order to form an
integrated circuit (IC) device layer on a substrate (102). The
details of FEOL processing and MOL processing are well
known in the art and, thus, are omitted from this specifica-
tion in order to allow the reader to focus on the salient
aspects of the disclosed method.

[0030] During BEOL processing, a metal level, with rela-
tively thick metal wire(s), can be formed above the device
layer and, thereby above the substrate (104). It should be
noted that this metal level can be the first metal level (i.e.,
M-1) above the device layer or some other metal level
above the device layer. In any case, this metal level can be
formed by forming a first dielectric layer 211 (104, see FIG.
2). This first dielectric layer 211 can be formed using a
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chemical vapor deposition (CVD) process (e.g., a plasma-
enhanced chemical vapor deposition (PECVD) process,
such as a high-density plasma chemical vapor deposition
(HDPCVD) process), a spin coating process or any other
suitable deposition process. This first dielectric layer 211 can
comprise, for example, a silicon dioxide (Si0O,) layer or any
other suitable interlayer dielectric material (e.g., borophos-
phosilicate glass (BPSG), tetraethyl orthosilicate (TEOS),
fluorinated tetraethyl orthosilicate (FTEOS), etc.). This first
dielectric layer 211 can be deposited such that it has a 210,
which ranges, for example, from 1-8 pm such that it can
accommodate relatively thick metal wire(s) (e.g., metal
wire(s) having a thickness of 1-8 pum, as discussed in greater
detail below).

[0031] Then, damascene and/or dual-damascene tech-
niques can be used to form one or more trenches 220 (i.e.,
wiring grooves) and, optionally, one or more via openings
230 (106, see FIG. 3). For purpose of illustration, FIG. 3
shows dual-damascene processing being performed to form
both trench(es) and via opening(s). However, FIG. 3 is not
intended to be limiting. That is, it should be understood that,
alternatively, only damascene processing can be performed
to form only trench(es) and not via opening(s). In any case,
trench(es) 220 can be formed that extend vertically a pre-
determined depth 221 into the first dielectric layer 211 from
the top surface of the first dielectric layer 211. Each via
opening 230 (if any) can be formed so as to extend vertically
from a bottom of a trench 220 down to a lower metal level
or to the device layer (not shown). Such damascene and
dual-damascene techniques are well known in the art and,
thus, are omitted from this specification in order to allow the
reader to focus on the salient aspects of the disclosed
method. The etch depth of the trenches 220 can be prede-
termined based on the desired thickness of the resulting
wires (e.g., between 1-8 um, such as 3 um, as discussed in
greater detail below).

[0032] Once the trench(es) 220 and any via opening(s) 230
are formed, they can optionally be lined (e.g., conformally
or directionally) with a conductive diffusion barrier layer
241 (108, see FIG. 4). That is, any suitable conductive
material that exhibits high atomic diffusion resistance (i.e.,
a conductive diffusion barrier material that exhibits low
atomic diffusivity) can be deposited, using conventional
deposition techniques (e.g., physical vapor deposition
(PVD), chemical vapor deposition (CVD), or other suitable
technique) onto the bottom surface and sidewalls of the
trench(es) 220 and any via opening(s) 230. Such a conduc-
tive diffusion barrier layer 241 can have a thickness ranging,
for example, from 200-2000 Angstroms and can comprise a
cobalt layer, a chromium layer, a ruthenium layer, a tantalum
layer, a tantalum nitride layer, an indium oxide layer, a
tungsten layer, a tungsten nitride layer, a titanium layer, a
titanium nitride layer, or any other suitable conductive
barrier material as described above.

[0033] Next, the trench(es) 220 and any via opening(s)
230 can be filled with a metal material 242, thereby forming
relatively thick metal wire(s) 245 and, if applicable, con-
necting via(s) 235 (110, see FIG. 5). This metal material can
comprise, for example, copper. Alternatively, the metal
material can comprise any suitable metal material for metal
level wire formation. In any case, the metal wire(s), which
as discussed above are relatively thick due to the depth of the
trench(es), can comprise connecting wires or, alternatively,
can comprise passive devices, such as inductors or resistors,



US 2016/0379878 Al

or components thereof, which have been incorporated into
the IC chip design. Following deposition of the metal
material, all conductive material can be removed from the
top surface of the first dielectric layer 211 (e.g., using a
chemical mechanical polishing (CMP) process).

[0034] Then, a second dielectric layer 212 (referred to
herein as a dielectric capping layer) can be formed on the
first dielectric layer 211 (112, see FIG. 6A). The second
dielectric layer 212 can comprise, for example, a silicon
nitride layer, a silicon oxynitride layer, or any other suitable
dielectric capping layer. The second dielectric layer 212 can
be deposited so that it has a second thickness 214. This
second thickness 214 can be less than the depth 221 of the
trench(es) 220 and, thereby less than the thickness of the first
dielectric layer 211. For example, the second thickness 214
can be less than 20% and, more particularly, less than 10%
of the depth 221 of the trench(es) 220. For example, the
second thickness 214 of the second dielectric layer 212 can
range from 20-200 nm or, more particularly, from 50-70 nm.

[0035] In any case, this second dielectric layer 212 can be
deposited so that it is immediately adjacent to the first
dielectric layer 211 and so that it extends over the trench(es)
220 and is immediately adjacent to the metal wire(s) 245
(e.g., the copper wire(s)) contained therein. This second
dielectric layer 212 can be deposited using, for example, a
plasma-enhanced chemical vapor deposition (PECVD) pro-
cess, such as a high density plasma chemical vapor depo-
sition (HDPCVD) process that results in the formation of
self-aligned metal silicide layer(s) 243 (e.g., self-aligned
copper silicide layers when the metal wire(s) 245 are copper
wire(s)) in the upper portion(s) 223 of the trench(es) 220 at
the interface(s) between the second dielectric layer 212 (e.g.,
the silicon nitride layer) and the metal wire(s) 245 (e.g., the
copper wire(s)). The self-aligned metal silicide layer(s) 243
(e.g., the copper silicide layer(s)) provide for better adhesion
between the second dielectric layer 212 (e.g., the silicon
nitride layer) and the metal wire(s) 245 (e.g., the copper
wire(s)) below, thereby minimizing delamination.

[0036] Those skilled in the art will recognize that a
PECVD system will typically include a chamber. The upper
portion of the chamber comprises a dome and the lower
portion comprises a substrate support surface. The dome
defines the upper boundary of a plasma processing region
and the substrate support surface defines the lower boundary
of the plasma processing region. A vacuum system can
adjust the pressure in the system. A plasma source system
can generate plasma within the plasma processing region.
Optionally, a temperature control system can comprise a
heat and/or cooling plate at the substrate support surface. A
gas delivery system allows for input of one or more different
gasses into the plasma within the plasma processing region.
A control system can be operably connected to each of these
systems (e.g., the vacuum system, the plasma source system,
the temperature control system (if applicable) and the gas
delivery system) can be control operation of the system. For
PECVD using such a PECVD system, a wafer is placed on
the substrate support surface and, particularly, transferred
into the chamber (e.g., by a robot blade) through an inser-
tion/removal opening in the side of the chamber and places
on the substrate support surface. The plasma is generated
and the gases required for the composition of the layer being
deposited are input into the plasma. Those skilled in the art
will recognize that, when a wafer is with the chamber and
exposed to plasma, it will heat up. Additionally, variations in
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the power imparted on the plasma will cause variations in
the plasma energy and, thereby variations in the rate at
which the wafer heats up. Thus, although the temperature of
the plasma can not be directly controlled, the power
imparted on the plasma can be controlled in order to
indirectly control the temperature of the plasma. Conse-
quently, the composition of the plasma and/or the power
imparted on the plasma can be selectively adjusted in order
to selectively adjust the composition of the layer being
deposited. For example, for a silicon nitride layer, the
plasma can comprise hydrogen (H,) plasma. The gas deliv-
ery system can flow both nitrogen and silane (SiH,) can into
the chamber. The vacuum system can set the pressure in the
chamber so that it is within the range of 2-3 Torr (e.g., 2.6
Torr). Additionally, the power imparted on the plasma by the
plasma source system can be set to ensure that the wafer,
when exposed to the plasma over time, can be heated to a
temperature in the range of 360° C.-400° C. (e.g., 380° C.).

[0037] The present inventors have found that, when the
pattern density of the metal wires is relatively high (e.g.,
greater than 33%), the exposed metal wires 245 onto which
the second dielectric layer 212 is being deposited will
achieve a temperature within this range of 360° C.-400° C.
(e.g., 380° C.) during the time required for deposition.
However, when the pattern density of the metal wires 245 is
relatively low (e.g., lower than 33%), the exposed metal
wires 245 onto which the second dielectric layer 212 is being
deposited will not achieve a temperature within the range of
360° C.-400° C. For purpose of this disclosure, the “pattern
density” of the metal wires refers to the ratio of metal to
dielectric material at the exposed surface onto which the
second dielectric layer 212 is being deposited. Thus, a
pattern density that is greater than 33% means that the ratio
of metal to dielectric material is greater than 1/3. Greater
thermal coupling of the metal wires with a higher pattern
density as compared to lesser thermal coupling of metal
wires with a lower pattern density is likely the cause of the
temperature difference.

[0038] In any case, the present inventors have further
found that a metal wire temperature range of 360° C.-400°
C. (e.g., a copper wire temperature range of 360° C.-400°
C.) ensures that the resulting self-aligned metal silicide
layer(s) 243 (e.g., the resulting self-aligned copper silicide
layers) will be relatively thick. That is, the metal silicide
layer(s) 243 will have a thickness 244 that is 1-3% of the
depth 221 of the trench(es) 220. For example, if thick copper
wire(s) in trench(es) 220 that are 3 um deep achieve a
temperature within the range of 360° C.-400° C. (e.g., 380°
C.) during PECVD of a second dielectric layer 212 (e.g.,
during deposition of a silicon nitride layer), then the result-
ing self-aligned copper silicide layer(s) 243 will be 30-90
nm thick. A copper silicide layer that is 30-90 nm thick will
optimize adhesion of the silicon nitride layer to the copper
wire below and will, thereby minimize delamination.

[0039] Since metal wires with a low pattern density (e.g.,
a pattern density of less than 33%) do not achieve the
temperature range of 360° C.-400° C. during normal
PECVD processing, the method disclosed herein provides
that during this process 112 of forming the second dielectric
layer 212, the PECVD tool used to deposit the second
dielectric layer 212 (e.g., the silicon nitride layer) and,
particularly, the settings on that tool can be selectively
adjusted based on the pattern density of the metal wires 245
(e.g., the pattern density of the copper wires) in order to
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ensure that metal wires 245 (e.g., the copper wires) achieve
the desired temperature within the range of 360° C.-400° C.
during deposition of the second dielectric layer 212 (e.g., the
silicon nitride layer). For example, one technique for ensur-
ing that metal wires 245 (e.g., the copper wires) with a low
pattern density (e.g., as shown in FIG. 6B) achieve the
desired temperature within the range of 360° C.-400° C.
during deposition of the second dielectric layer 212 thereon
can comprise providing a warm up period within the
PECVD chamber. For example, depending upon the pattern
density of the metal wires, different H2-plasma exposure
times can be instituted prior to flowing the nitrogen and
silane (SiH,) into the chamber and beginning silicon nitride
deposition in order to pre-heat the metal wires from above.
Additionally and/or alternatively, if the chamber is config-
ured with a heating plate at the substrate support plate this
heating plate can be turned on for different periods of time
prior to flowing the nitrogen and silane (SiH,) into the
chamber and beginning silicon nitride deposition in order to
pre-heat the metal wires from above. FIG. 7 is an exemplary
LUT table that shows different wire pattern density ranges
and corresponding pattern density-specific warm-up times
and, particularly, corresponding H2-plasma exposure times.
Thus, for example, for a structure with a wire pattern density
of'less than 0.25, the wafer can be exposed to the H2-plasma
for 60 seconds prior to flowing the nitrogen and silane
(SiH,) into the chamber and beginning silicon nitride depo-
sition; whereas for a structure with a wire pattern density of
0.25 up to 0.275 the wafer can be exposed to the H2-plasma
for 55 seconds prior to flowing the nitrogen and silane
(SiH,) into the chamber and beginning silicon nitride depo-
sition; and so. In this example, any structure with a wire
pattern density of 0.33 or over would require a warm-up
period of 40 seconds. It should be noted that, for illustration
purposes, the LUT in FIG. 7 shows different wire pattern
density ranges and corresponding pattern density-specific
corresponding H2-plasma exposure times. However, FIG. 7
is not intended to be limiting and any number of two or more
wire pattern density ranges and corresponding pattern den-
sity-specific warm-up times could be used. Furthermore, it
should be noted that such a LUT table can be stored in
memory and accessed (e.g., by a user or the control system).

[0040] Next, a third dielectric layer 213 can be formed on
the second dielectric layer 212 (114, see FIG. 8). The third
dielectric layer 213 can comprise, for example, a different
dielectric material than that used for the second dielectric
layer 212. For example, the third dielectric layer 213 can
comprise a silicon oxide layer, a silicon oxynitride layer, a
hydrogenated silicon oxycarbide layer, etc. Alternatively,
this third dielectric layer 213 can comprise the same dielec-
tric material as the second dielectric layer 212. In any case,
this third dielectric layer 213 can be deposited so that it has
a third thickness 215. This third thickness 215 can be less
than the depth 221 of the trench(es) 220 and, thereby less
than the thickness of the first dielectric layer 211. This third
thickness 215 can be approximately equal, slightly thicker
than or slightly thinner than the second thickness 214 of the
second dielectric layer 212. Thus, for example, the third
thickness 215 of the third dielectric layer 213 can be less
than 20% and, more particularly, less than 10% of the depth
221 of the trench(es) 220. For example, the third thickness
215 of the third dielectric layer 213 can range from 20-200
nm or, more particularly, from 50-70 nm.
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[0041] In any case, this third dielectric layer 213 can be
deposited so that it is immediately adjacent to the second
dielectric layer 212. This third dielectric layer 213 can be
deposited using, for example, a PECVD process, such as a
HDPCVD. Thus, during deposition of the third dielectric
layer 213, the metal wire(s) 245 will concurrently be heated
causing them to expand and, thereby reducing the tensile
stress exhibited by the metal wire(s) 245. By reducing the
tensile stress in the metal wire(s) 245, the force exerted by
the metal wire(s) 245 downward and away from the second
dielectric layer 212 is reduced. Thus, adhesion between the
second dielectric layer 212 and the metal wire(s) 245 is
improved. It should be noted that, since this process of
depositing the third dielectric layer 213 and concurrently
heating the metal wire(s) 245 to reduce tensile stress is
performed prior to formation of a subsequent metal level,
which includes a relatively thick and un-flexible dielectric
layer, and since it results in only a thin third dielectric layer
being formed, when the metal wire(s) 245 eventually cool
and contract, the thin third dielectric layer 213 can flex
minimizing the opposing forces that could result in delami-
nation of the second dielectric layer from the metal wire(s)
245 below. Formation of the third dielectric layer 213, as
shown in FIG. 8, completes formation of the metal level 201
at process 104.

[0042] After the third dielectric layer 213 is formed, an
additional metal level 202 can be formed on this third
dielectric layer 213 (116, see FIGS. 9-11).

[0043] Specifically, an additional first dielectric layer 211'
can be formed immediately adjacent to the third dielectric
layer 213 (see FI1G. 9). This additional first dielectric layer
211' can be formed using a PECVD process, such as an
HDPCVD process, a spin coating process or any other
suitable deposition process. This additional first dielectric
layer 211' can comprise, for example, a silicon dioxide
(Si0,) layer or any other suitable interlayer dielectric mate-
rial (e.g., borophosphosilicate glass (BPSG), tetraethyl
orthosilicate (TEOS), fluorinated tetraethyl orthosilicate
(FTEOS), etc.). This additional first dielectric layer 211' can
be deposited such that it has the same the thickness as the
first dielectric layer 211 or a different thickness, which is still
greater than the thickness of the third dielectric layer 213
below.

[0044] Then, damascene and/or dual-damascene tech-
niques can be used to form one or more additional trenches
220" (i.e., wiring grooves) and, optionally, one or more
additional via openings 230" (see FIG. 10). Specifically,
additional trench(es) 220' can be formed that extending
vertically a predetermined depth into the additional first
dielectric layer 211' in order to accommodate a metal wire of
a given thickness. Each additional via opening 230' can be
formed so as to extend vertically from a bottom of an
additional trench 220" through a lower portion of the addi-
tional first dielectric layer 211", through the third dielectric
layer 213 and through the second dielectric layer 212 to a
metal wire 245 in the metal level 201 below.

[0045] Once the additional trench(es) 220' and any addi-
tional via opening(s) 230" are formed, additional processing
can proceed in essentially the same manner as described
above with regard to process steps 108-112 and, optionally,
with regard to process step 114. That is, the additional
trench(es) 220' and any additional via opening(s) 230' can
optionally be lined with a conductive diffusion barrier layer
and filled with an additional metal material (e.g., to form
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additional metal wire(s) 245' and, if applicable, additional
connecting via(s) 235"). The additional metal material can be
the same metal as that used to form the metal wires 245 (e.g.,
copper) or, alternatively, can be any other suitable metal
material (e.g., aluminum, tungsten, etc.). Following deposi-
tion of the additional metal material, a CMP process can be
performed to remove all conductive material from the top
surface of the additional first dielectric layer 211'.

[0046] Next, an additional second dielectric layer 212
(e.g., an additional dielectric capping layer, such as a silicon
nitride layer) can be formed on the additional first dielectric
layer 211' and self-aligned metal silicide layer(s) 243' can
concurrently be formed in the upper portion(s) of the addi-
tional trench(es) 243' at the interfaces between the additional
metal wire(s) 245' and the additional second dielectric layer
245'. The additional second dielectric layer 212' can be
relatively thin (e.g., 20-200 nm or, more particularly, 50-70
nm). It should be noted that, if the additional metal wire(s)
245' are relatively thick (e.g., 1-3 um), this additional second
dielectric layer 212' can be deposited using a PECVD
technique, wherein the settings on that PECVD tool are
selectively adjusted based on the pattern density of the
additional metal wires 245' in order to ensure that the
additional metal wires 245" achieve a desired temperature
and, thereby to ensure that the additional self-aligned metal
silicide layer(s) 243' having a desired thickness.

[0047] Furthermore, if the additional metal wire(s) 245'
are relatively thick (e.g., 1-3 um), an additional third dielec-
tric layer 213', which is relatively thin (e.g., 20-200 nm or,
more particularly, 50-70 nm), can be formed on the addi-
tional second dielectric layer 212' to reduce the tensile stress
of the additional metal wire(s) prior to formation of any
other metal levels thereon (see FIG. 11).

[0048] Referring to FIG. 11, also disclosed herein are
embodiments of an IC chip 200 that is formed using the
above described method and that thereby has a BEOL metal
level 201 with improved dielectric capping layer to metal
wire adhesion.

[0049] Specifically, the IC chip structure 200 can comprise
a substrate and an IC device layer above the substrate. The
IC chip structure 200 can further comprise a metal level 201,
with relatively thick metal wire(s) 245, above the device
layer and, thereby above the substrate. It should be noted
that this metal level 201 can be the first metal level (i.e.,
M-1) above the device layer or some other metal level
above the device layer.

[0050] In any case, this metal level 201 can comprise a
first dielectric layer 211. This first dielectric layer 211 can
comprise, for example, a silicon dioxide (SiO,) layer or any
other suitable interlayer dielectric material (e.g., borophos-
phosilicate glass (BPSG), tetraethyl orthosilicate (TEOS),
fluorinated tetraethyl orthosilicate (FTEOS), etc.). This first
dielectric layer 211 can have a first thickness 210, which
ranges, for example, from 1-8 pm such that it can accom-
modate relatively thick metal wire(s) 245 (e.g., metal wire(s)
having a thickness of 1-8 um, as discussed in greater detail
below).

[0051] The metal level 201 can further comprise one or
more trenches 220 (i.e., wiring grooves) and, optionally, one
or more via openings 230. Specifically, the trench(es) 220
can be in an upper portion of the first dielectric layer 211 and
can extend vertically a predetermined depth 221 into the first
dielectric layer 211 from the top surface of the first dielectric
layer 211. Each via opening 230 can extend vertically from
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a bottom of a trench 220 to a lower metal level or to the
device layer (not shown). The trench(es) 220 and any via
opening(s) 230 can optionally be lined with a conductive
diffusion barrier layer 241. That is, any suitable conductive
material that exhibits high atomic diffusion resistance (i.e.,
a conductive diffusion barrier material that exhibits low
atomic diffusivity) can line the bottom surface and sidewalls
of the trench(es) 220 and any via opening(s) 230. Such a
conductive diffusion barrier layer 241 can have a thickness
ranging, for example, from 200-2000 Angstroms and can
comprise a cobalt layer, a chromium layer, a ruthenium
layer, a tantalum layer, a tantalum nitride layer, an indium
oxide layer, a tungsten layer, a tungsten nitride layer, a
titanium layer, a titanium nitride layer, or any other suitable
conductive barrier material as described above. Any via
opening(s) 230 and at least the lower portion(s) 222 of the
trench(es) 220 can be filled with a metal material 242,
thereby forming relatively thick metal wire(s) 245 and, if
applicable, connecting via(s) 235. This metal material can
comprise, for example, copper. Alternatively, the metal
material can comprise any suitable metal material for metal
level wire formation. In any case, the metal wire(s), which
as discussed above are relatively thick due to the depth of the
trench(es), can comprise connecting wires or, alternatively,
can comprise passive devices, such as inductors or resistors,
or components thereof, which have been incorporated into
the IC chip design.

[0052] The metal level 201 can further comprise self-
aligned metal silicide layer(s) 243 (e.g., self-aligned copper
silicide layers when the metal wire(s) 245 are copper wire
(s)). The self-aligned metal silicide layer(s) 243 can be in the
upper portion(s) 223 of the trench(es) 220 above and imme-
diately adjacent to the metal wire(s) 245 (e.g., immediately
adjacent to copper wire(s)). The self-aligned metal silicide
layer(s) 243 can be relatively thick. That is, the self-aligned
metal silicide layer(s) 243 can have a thickness 244 that is
1-3% of the depth 221 of the trench(es) 220. For example,
self-aligned copper silicide layer(s) 243 that is/are 30-90 nm
thick can be in upper portion(s) 223 of deep trench(es) 220
(e.g., trenches that are 3 um deep) above and immediately
adjacent to copper metal wire(s) 245.

[0053] The metal level 201 can further comprise a second
dielectric layer 212 (referred to herein as a dielectric capping
layer) on the first dielectric layer 211 and extending laterally
over the trench(es) 220 so as to be immediately adjacent to
the self-aligned metal silicide layer(s) 243. The second
dielectric layer 212 can comprise, for example, a silicon
nitride layer, a silicon oxynitride layer, or any other suitable
dielectric capping layer. The second dielectric layer 212 can
have a second thickness 214. This second thickness 214 can
be less than the depth 221 of the trench(es) 220 and, thereby
less than the thickness of the first dielectric layer 211. For
example, the second thickness 214 can be less than 20% and,
more particularly, less than 10% of the depth 221 of the
trench(es) 220. For example, the second thickness 214 of the
second dielectric layer 212 can range from 20-200 nm or,
more particularly, from 50-70 nm.

[0054] The metal level 201 can further comprise third
dielectric layer 213 on the second dielectric layer 212. The
third dielectric layer 213 can comprise, for example, a
different dielectric material than that used for the second
dielectric layer 212. For example, the third dielectric layer
213 can comprise a silicon oxide layer, a silicon oxynitride
layer, a hydrogenated silicon oxycarbide layer, etc. Alterna-
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tively, this third dielectric layer 213 can comprise the same
dielectric material as the second dielectric layer 212. In any
case, this third dielectric layer 213 can have a third thickness
215. This third thickness 215 can be less than the depth 221
of the trench(es) 220 and, thereby less than the thickness of
the first dielectric layer 211. This third thickness 215 can be
approximately equal to the second thickness 214 of the
second dielectric layer 212, slightly thicker than the second
thickness 214 of the second dielectric layer 212, or slightly
thicker than the second thickness 214 of the second dielec-
tric layer 212. Thus, for example, the third thickness 215 of
the third dielectric layer 213 can be less than 20% and, more
particularly, less than 10% of the depth 221 of the trench(es)
220. For example, the third thickness 215 of the third
dielectric layer 213 can range from 20-200 nm or, more
particularly, from 50-70 nm.

[0055] The IC structure 200 can further comprise an
additional metal level 202 on the third dielectric layer 213.
It should be noted that the thin third dielectric layer 213 is
thin enough to be flexible during processing prior to forma-
tion of the additional metal level 202, thereby allowing the
metal wire(s) 245 below to expand and contract without
significant opposing forces being exerted at the interface(s)
between the second dielectric layer 212 and the metal
wire(s) 245. Thus, formation of this third dielectric layer
during processing minimizes delamination of the second
dielectric layer 212 from the metal wire(s) 245 below.

[0056] In any case, the additional metal level 202 can
comprise an additional first dielectric layer 211'. This addi-
tional first dielectric layer 211' can comprise, for example, a
silicon dioxide (SiO,) layer or any other suitable interlayer
dielectric material (e.g., borophosphosilicate glass (BPSG),
tetraethyl orthosilicate (TEOS), fluorinated tetracthyl ortho-
silicate (FTEOS), etc.). This additional first dielectric layer
211" can have the same the thickness as the first dielectric
layer 211 or a different thickness, which is still greater than
the thickness of the third dielectric layer 213 below.

[0057] The additional metal level 202 can further com-
prise one or more additional trenches 220' (i.e., wiring
grooves) that extend vertically a predetermined depth into
the additional first dielectric layer 211' and, optionally, one
or more additional via openings 230", wherein each via
opening extends vertically from a bottom of an additional
trench 220' through a lower portion of the additional first
dielectric layer 211', through the third dielectric layer 213
and through the second dielectric layer 212 to a metal wire
245 in the metal level 201 below. The additional trench(es)
220" and any additional via opening(s) 230' can optionally be
lined with a conductive diffusion barrier layer. An additional
metal material can fill any additional via openings 230',
thereby forming connecting vias 235", and can further fill at
least the lower portion(s) of the additional trench(es) 220",
thereby forming additional metal wire(s) 245'. The addi-
tional metal material can be the same metal material as used
in the metal wires 245 (e.g., copper) or, alternatively, can be
any other suitable metal material (e.g., aluminum, tungsten,
etc.).

[0058] The additional metal level 202 can further com-
prise additional self-aligned metal silicide layer(s) 243' in
the upper portion(s) of the additional trench(es) 220" above
and immediately adjacent to the additional metal wire(s)
245'. The additional self-aligned additional metal silicide
layer(s) 243' can be relatively thick. For example, the
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additional self-aligned metal silicide layer(s) 243' can have
a thickness that is 1-3% of the depth of the trench(es) 220.
[0059] The additional metal level 202 can further com-
prise an additional second dielectric layer 212' (referred to
herein as an additional dielectric capping layer) on the
additional first dielectric layer 211' and extending laterally
over the additional trench(es) 220' so as to be immediately
adjacent to the additional self-aligned metal silicide layer(s)
243'. The additional second dielectric layer 212' can com-
prise, for example, a silicon nitride layer, a silicon oxynitride
layer, or any other suitable dielectric capping layer. The
additional second dielectric layer 212' can be relatively thin
(e.g., 20-200 nm or, more particularly, 50-70 nm). It should
be noted that, if the additional metal wire(s) 245' are
relatively thick (e.g., 1-3 um), this additional second dielec-
tric layer 212' can be deposited using a PECVD technique,
wherein the settings on that PECVD tool are selectively
adjusted based on the pattern density of the additional metal
wires 245' in order to ensure that the additional metal wires
245" achieve a desired temperature and, thereby to ensure
that the self-aligned metal silicide layer(s) 243' having a
desired thickness.

[0060] Optionally, if the additional metal wire(s) 245" are
relatively thick (e.g., 1-3 um), the additional metal level 202
can further comprise an additional third dielectric layer 213'".
This additional third dielectric layer 213' can be above and
immediately adjacent to the additional second dielectric
layer 212' and below any upper metal levels. This additional
third dielectric layer 213' can be relatively thin (e.g., 20-200
nm or, more particularly, 50-70 nm).

[0061] The method as described above is used in the
fabrication of integrated circuit chips. The resulting inte-
grated circuit chips can be distributed by the fabricator in
raw wafer form (that is, as a single wafer that has multiple
unpackaged chips), as a bare die, or in a packaged form. In
the latter case the chip is mounted in a single chip package
(such as a plastic carrier, with leads that are affixed to a
motherboard or other higher level carrier) or in a multichip
package (such as a ceramic carrier that has either or both
surface interconnections or buried interconnections). In any
case the chip is then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
part of either (a) an intermediate product, such as a moth-
erboard, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
toys and other low-end applications to advanced computer
products having a display, a keyboard or other input device,
and a central processor.

[0062] It should be understood that the terminology used
herein is for the purpose of describing the disclosed method
and structure and is not intended to be limiting. For example,
as used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. Additionally, as used
herein, the terms “comprises” “comprising”, “includes” and/
or “including” specify the presence of stated features, inte-
gers, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. Furthermore, as used herein, terms
such as “right”, “left”, “vertical”, “horizontal”, “top”, “bot-

tom”, “upper”, “lower”, “under”, “below”, “underlying”,
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“over”, “overlying”, “parallel”, “perpendicular”, etc., are
intended to describe relative locations as they are oriented
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and illustrated in the drawings (unless otherwise indicated)
and terms such as “touching”, “on”, “in direct contact”,
“abutting”, “directly adjacent to”, etc., are intended to
indicate that at least one element physically contacts another
element (without other elements separating the described
elements). The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed.

[0063] Therefore, disclosed above are embodiments of a
method of forming back end of the line (BEOL) metal levels
with improved dielectric capping layer to metal wire adhe-
sion. The embodiments include one or more process steps
that are designed to address dielectric capping layer to metal
wire adhesion, when the metal wire(s) in a given metal level
are relatively thick (e.g., >1 um, >2 um, >3 um, etc.). These
process steps can include, for example: (1) selective adjust-
ment of the deposition tool that is used to deposit the
dielectric capping layer onto metal wires based on the
pattern density of the metal wires in order to ensure that
those metal wires actually achieve a temperature between
360° C.-400° C.; and/or (2) deposition of a relatively thin
dielectric layer onto the dielectric capping layer prior to
formation of the next metal level in order to reduce the
tensile stress of the metal wire(s) below without causing
delamination. Also disclosed above are embodiments of an
IC chip that is formed using the above described method
embodiments and that thereby has a BEOL metal level with
improved dielectric capping layer to metal wire adhesion.

[0064] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

1-16. (canceled)
17. A structure comprising:
a metal level above a substrate, the metal level compris-
ing:
a first dielectric layer having a first thickness;
a trench in the first dielectric layer;
a metal material in the trench so as to form a metal wire;

a second dielectric layer immediately adjacent to the
first dielectric layer and above the metal wire, the
second dielectric layer having a second thickness and
comprising a silicon nitride layer; and

athird dielectric layer on the second dielectric layer, the
third dielectric layer having a third thickness, and the
first thickness being greater than the second thick-
ness and the third thickness; and,

an additional metal level on the third dielectric layer.

18. The structure of claim 17, the second dielectric layer
and the third dielectric layer comprising different dielectric
materials.
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19. The structure of claim 17,

the trench having a depth, and

the second thickness and the third thickness each being
less than 10% of the depth.

20. The structure of claim 17, the additional metal level

comprising:

an additional first dielectric layer immediately adjacent to
the third dielectric layer, the additional first dielectric
layer being thicker than the second dielectric layer and
the third dielectric layer;

an additional trench in an upper portion of the additional
first dielectric layer;

a via opening extending vertically from the additional
trench through a lower portion of the additional first
dielectric layer, through the third dielectric layer and
through the second dielectric layer to the metal wire;

an additional metal material filling the additional trench
and the via opening; and

an additional second dielectric layer on the additional first
dielectric layer.

21. The structure of claim 20, the additional metal mate-

rial being different from the metal material.

22. A structure comprising:

a metal level above a substrate, the metal level compris-
ing:

a first dielectric layer having a first thickness;

trenches in the first dielectric layer;

copper in the trenches so as to form copper wires;

self-aligned copper silicide layers in the trenches above
the copper;

a second dielectric layer immediately adjacent to the first
dielectric layer and above the copper wires, the second
dielectric layer having a second thickness and compris-
ing a silicon nitride layer, and the self-aligned copper
silicide layers being between and immediately adjacent
to the silicon nitride layer and the copper; and

a third dielectric layer on the second dielectric layer, the
third dielectric layer having a third thickness, and the
first thickness being greater than the second thickness
and the third thickness; and,

an additional metal level on the third dielectric layer.

23. The structure of claim 22, the third dielectric layer
comprising a silicon oxide layer.

24. The structure of claim 22, the trenches containing the
copper wires having a depth that is at least 3 microns, the
second thickness and the third thickness each being less than
10% of the depth, and the self-aligned copper silicide layers
each having a fourth thickness that is approximately 1-3% of
the depth.

25. The structure of claim 22, the additional metal level
comprising:

an additional first dielectric layer immediately adjacent to
the third dielectric layer, the additional first dielectric
layer being thicker than the second dielectric layer and
the third dielectric layer;

an additional trench in an upper portion of the additional
first dielectric layer;

a via opening extending vertically from the additional trench
through a lower portion of the additional first dielectric
layer, through the third dielectric layer and through the
second dielectric layer to one of the copper wires;

an additional metal material filling the additional trench
and the via opening; and,
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an additional second dielectric layer on the additional first

dielectric layer.

26. A structure comprising:

a metal level above a substrate, the metal level compris-

ing:

a first dielectric layer having a first thickness;

a trench in the first dielectric layer;

a metal material in the trench so as to form a metal wire;

a second dielectric layer above and immediately adja-
cent to the first dielectric layer and further above the
metal wire, the second dielectric layer having a
second thickness; and

a third dielectric layer above and immediately adjacent
to the second dielectric layer and comprising a same
dielectric material as the second dielectric layer, the
third dielectric layer having a third thickness, and the
first thickness being greater than the second thick-
ness and the third thickness; and,

an additional metal level on the third dielectric layer.

27. The structure of claim 26, the third thickness being
less than the second thickness.

28. The structure of claim 26, the second dielectric layer
and the third dielectric layer comprising silicon nitride
layers.

29. The structure of claim 26, the trench having a depth,
and the second thickness and the third thickness each being
less than 10% of the depth.

30. The structure of claim 26, the additional metal level
comprising:

an additional first dielectric layer immediately adjacent to

the third dielectric layer, the additional first dielectric

layer being thicker than the second dielectric layer and
the third dielectric layer;

an additional trench in an upper portion of the additional

first dielectric layer;

a via opening extending vertically from the additional trench
through a lower portion of the additional first dielectric
layer, through the third dielectric layer and through the
second dielectric layer to the metal wire;

an additional metal material filling the additional trench

and the via opening; and

an additional second dielectric layer on the additional first

dielectric layer.

31. The structure of claim 30, the additional metal mate-
rial being different from the metal material.

32. A structure comprising:

a metal level above a substrate, the metal level compris-

ing:

a first dielectric layer having a first thickness;

trenches in the first dielectric layer;

copper in the trenches so as to form copper wires;

self-aligned copper silicide layers in the trenches above
the copper;

a second dielectric layer above and immediately adja-
cent to the first dielectric layer and above the copper
wires, the second dielectric layer having a second
thickness, and the self-aligned copper silicide layers
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being between and immediately adjacent to the sec-
ond dielectric layer and the copper wires; and

a third dielectric layer above and immediately adjacent
to the second dielectric layer and comprising a same
dielectric material as the second dielectric layer, the
third dielectric layer having a third thickness, and the
first thickness being greater than the second thick-
ness and the third thickness; and,

an additional metal level on the third dielectric layer.

33. The structure of claim 32, the third thickness being
less than the second thickness.

34. The structure of claim of claim 32, the second
dielectric layer and the third dielectric layer comprising
silicon nitride layers.

35. The structure of claim 32, the trenches containing the
copper wires having a depth that is at least 3 microns, the
second thickness and the third thickness each being less than
10% of the depth, and the self-aligned copper silicide layers
each having a fourth thickness that is approximately 1-3% of
the depth.

36. The structure of claim 32, the additional metal level
comprising:

an additional first dielectric layer immediately adjacent to

the third dielectric layer, the additional first dielectric
layer being thicker than the second dielectric layer and
the third dielectric layer;

an additional trench in an upper portion of the additional

first dielectric layer;
a via opening extending vertically from the additional trench
through a lower portion of the additional first dielectric
layer, through the third dielectric layer and through the
second dielectric layer to one of the copper wires;

an additional metal material filling the additional trench

and the via opening; and,

an additional second dielectric layer on the additional first

dielectric layer.

37. The structure of claim 17, the third thickness being
less than the second thickness.

38. The structure of claim 22, the third thickness being
less than the second thickness.

39. The structure of claim 17, the third dielectric layer
comprising a plasma chemical vapor deposited layer that
reduces tensile stress exhibited by the metal wire before
formation of the additional metal level on the third dielectric
layer.

40. The structure of claim 22, the third dielectric layer
comprising a plasma chemical vapor deposited layer that
reduces tensile stress exhibited by the copper wires before
formation of the additional metal level on the third dielectric
layer.

41. The structure of claim 26, the third dielectric layer
comprising a plasma chemical vapor deposited layer that
reduces tensile stress exhibited by the metal wire before
formation of the additional metal level on the third dielectric
layer.



