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PROVIDING DUMMY WAS BACKGROUND 01? THE INVENTION
51.TECHNICAL FIELD          Generally, the present
invention relates to the formation of integrated
circuits, and, more particularly, to the formation of
metallization layers including highly conductive
metals, such as copper, embedded into a dielectric
material. 102.BACKGROUND ART        In an integrated
circuit, a very large number of circuit elements, such
as transistors, capacitors, resistors and the like,
are formed in or on an appropriate substrate, usually
in a substantially planar configuration. Due to the
large number of circuit elements and the required
complex layout of advanced integrated circuits, the
electrical connections of the individual circuit
elements are generally not established within the same
level on  15 which the circuit elements are
manufactured. Typically, such electrical connections
are formed in one or more additional "wiring" layers,
also referred to as metallization layers. These
metallization layers generally include
metal-containing lines, providing the inner-level
electrical connection, and also include a plurality of
inter-level connections, also referred to as vias,
filled with an appropriate metal. The vias provide
electrical connection between two neighboring stacked
metallization layers, wherein the metal-containing
lines and vias may also be 20commonly referred to as
interconnect structures.        Due to the continuous
shrinkage of the feature sizes of circuit elements in
modem integrated circuits, the number of circuit
elements for a given chip area, that is the packing
density, also increases, thereby requiring an even
larger increase in the number of electrical
interconnections to provide the desired circuit
functionality.  25 Therefore, the number of stacked
metallization layers may increase and the dimensions
of the individual lines and vias may be reduced as the
number of circuit elements per chip area becomes
larger. The fabrication of a plurality of
metallization layers entails extremely challenging
issues to be solved, such as mechanical, thermal and
electrical reliability of a plurality of stacked
layers. As the complexity of integrated circuits
advances and brings about the necessity for conductive
lines that can withstand moderately high current
densities,  30 semiconductor manufacturers are
increasingly replacing the well-known metallization
metal aluminum with a metal that allows higher current
densities and hence allows a reduction in the
dimensions of the interconnections and thus the number
of stacked metallization layers. For example, copper
and alloys thereof are materials that are increasingly
used to replace aluminum due to their superior
characteristics in view of higher resistance against
electromigration and significantly lower electrical
resistivity when compared with aluminum. Despite 35
these advantages, copper and copper alloys also
exhibit a number of disadvantages regarding the
processing and handling in a semiconductor facility.
For instance, copper may not be efficiently applied
onto a substrate in larger amounts by well-established
deposition methods, such as chemical vapor deposition
(CVD), and also may not be effectively patterned . by
the usually employed anisotropic etch procedures.
Consequently, in manufacturing metallization layers
including copper, the so-called inlaid or damascene
technique (single and  WO 2007/064471PCT/US2006/044291



dual) is preferably used, wherein a dielectric layer
is first applied and then patterned to receive
trenches and/or vias, which are subsequently filled
with copper or copper alloys. It turns out that the
process of forming vias and trenches in the dielectric
material of the respective 5  metallization layer
according to the damascene regime may significantly
affect the overall production yield during the
formation of advanced semiconductor devices having
copper-based metallization layers owing to
delamination issues and etch-related geometry effects.
With reference to Figures 1a-1d, a typical
conventional process flow will now be described in
more  10 detail so as to more clearly demonstrate the
problems involved in forming highly scaled metal lines
in a dielectric material according to a damascene
process, for instance, a dual damascene process, in
which vias are formed prior to corresponding trenches
connected to the vias, wherein this approach is often
called a "via first/trench last" approach. 15Figure la
schematically shows a cross-sectional view of a
semiconductor device 100 comprising a  substrate 101,
which may be provided in the form of a bulk silicon
substrate, a silicon-on-insulator (S01) substrate and
the like, wherein the substrate 101 may also represent
a device layer having formed therein individual
circuit elements, such as transistors, capacitors,
lines, resistors, contact portions and the like. For
convenience, any such circuit elements are not shown
in Figure 1a. The device 100 comprises a first device
20 region 120A and a second device region 12013,
wherein the first device region 120A may represent an
"inner" region that receives metal lines and vias,
whereas the second device region 120B may represent a
device region for receiving a large metal area in the
respective metallization layer together with
corresponding metal lines in the first device region
120A. For example, a measurement region and the like
may be formed in the second device region 12013, as is
typically provided for evaluating so-called dishing
effects occurring during the 25removal of excess
copper by chemical mechanical polishing (CMP).
The device 100 further comprises a dielectric layer
102 formed above the substrate 101, wherein the layer
102 may represent a dielectric material enclosing the
individual circuit elements, also referred to as a
contact material, or the layer 102 may represent a
portion of a lower-lying metallization layer, in which
any  30 metal-filled lines may be embedded. Depending
on the specific design of the device 100, or the
function of the layer 102, it may be comprised of a
conventional dielectric material such as silicon
dioxide, silicon nitride, or it may comprise a low-k
dielectric material such as, for instance,
hydrogen-enriched silicon oxycarbide (SiCOH) and the
like. A metal line 103A is formed within the first
device region 120A and above the substrate 101 and at
least partially within the layer 102 for establishing
an electric connection to circuit elements formed
within the 35  first device region 120A. The metal
line 103A may be comprised of a copper-containing
metal including conductive barrier layers (not shown)
so as to enhance adhesion of the metal line 103A to
the surrounding material and reduce diffusion of
copper into sensitive device regions. An etch stop
layer 104 is formed on the dielectric layer 102 and
the metal line 103A, wherein the etch stop layer 104
may be comprised of a material that exhibits a high
etch selectivity to the material of a dielectric layer
105 formed on the etch stop layer 104. 40Furthermore,
the etch stop layer 104 may also act as a diffusion
barrier between the metal line 103A and  WO
2007/064471PCT/US2006/044291 



neighborn materials to reduce  the out-diffusion of of
metal, such as copper, and diffusion of dielectric
material into the metal line 103A. The dielectric
layer 105, which may be comprised of a low-k
dielectric material, is formed on the etch 5 stop
layer 104, followed by an anti-reflective coating
(ARC) layer or capping layer 106, which may be formed
from two or more sub-layers so as to achieve the
desired performance with respect to the optical
behavior, mechanical strength and masking
characteristics. For instance, the capping layer 106
may be provided as a stack including a silicon dioxide
layer (acting to impart improved mechanical strength
to the layer 105 when formed of a low-k material), a
silicon oxynitride layer for adapting the optical
behavior and a thin silicon dioxide layer  10 acting
as a nitrogen barrier for a resist mask 107 formed on
the capping layer 106. The resist mask 107 includes a
first opening 107A above the first device region 120A
that corresponds to a via opening 105A for
electrically connecting the metal line 103A with a
metal line still to be formed in the dielectric layer
105. A typical process flow for forming the
semiconductor device 100 as shown in Figure la may
comprise  15 the following processes. After the
fabrication of any circuit elements within the
substrate 101, the dielectric layer 102 may be
deposited by well-established deposition recipes based
on plasma enhanced chemical vapor deposition (PECVD).
For example, the layer 102 may be comprised of silicon
dioxide, fluorine-doped silicon dioxide or SiCOH and
hence deposition recipes on the basis of appropriate
precursors may be employed to form the layer 102.
Then, the metal line 103A may be formed in accordance
with processes as will be described in the  20
following with reference to the layer 105. Thereafter,
the etch stop layer 104 is deposited by, for instance,
well-established PEC'VD techniques with a thickness
that is sufficient to reliably stop a via and trench
etch process to be performed later on. Next, the
dielectric layer 105 is formed by CVD or spin-coating,
depending on the material used. Then, the capping
layer 106 is formed by PECVD techniques on the basis
of well-established recipes to provide the desired
characteristics in the further processing of the
device 100. Finally, the resist mask  25 107 may be
formed by advanced photolithography to form the
respective opening 107A. Thereafter, an anisotrople
etch process is performed, wherein, in an initial
phase, the exposed portion of the layer 106 is removed
and, in a subsequent process, the dielectric material
of the layer 105 is removed to form the via opening
105A. 30Figure lb schematically illustrates the device
100 in an advanced manufacturing stage. The device 100
now comprises a resist mask 109 having formed therein
a trench 109A above the via opening 105A with
dimensions corresponding to design dimensions of a
metal line to be formed above and around the via
opening 105A. The resist mask 109 further comprises an
opening 10913 in the second device region 120B formed
in accordance with the design dimensions for a
corresponding metal region, such as a test region,
wherein the  35 dimensions of the opening 10913 may be
significantly greater compared to the dimension of the
trench 109A, at least in one dimension. For instance,
the opening 10913 may have a design dimension of 100
pm x 100 pm in advanced semiconductor devices of
minimal critical dimensions of 50 nm or even less.
Moreover, a fill material 108 is formed underneath the
resist mask 109, wherein the fill material 108 is also
provided within the opening 105A. The fill material
may be comprised of a photoresist of different type
compared to the resist mask 109, or 40the fill
material 108 may represent any other polymer material
that may be applied in a low viscous state to fill  WO
2007/064471PCT/1JS2006/044291 thee opening 105A while
providing a substantially planar surface.The fill
material 108 may also serve as an 



ARC layer during the patterning of the resist mask
109. The resist mask 109 may be formed by first
applying the fill material 108 by, for example,
spin-coating  5 a resist or a polymer material, then
applying a photoresist by spin-coating, performing a
well-established photolithography process and etching
or dry-developing the fill material 108 on the basis
of the resist mask 109. Thereafter, the device 100 is
subjected to an etch ambient 110 on the basis of
carbon and fluorine to etch through the layer 106 and
remove a portion of the layer 105 to form a trench
around the via opening 105A and an opening in the
second device region 120B corresponding to the opening
10913, while the fill material 108 in the  10 via
opening 105A prevents substantial material removal
therein. Moreover, the fill material 108 within the
opening 105A, although partially removed during the
etch process 110, protects the remaining etch stop
layer 104 in the opening 105A so that the metal line
103A is not exposed to the etch ambient 110.
Thereafter, a trench of specified depth is formed
around the via opening 105A and a corresponding
opening in the second device region 12013, the resist
mask 109 and the fill material 108 are removed by, for
instance, an oxygen-based plasma 15treatment.
During the etch process 110, the removal rate for
material of the dielectric layer 105 may significantly
depend on the geometric structure of the tenches and
openings to be formed in the dielectric layer 105. For
example, the etch rate at the trench opening 109A,
when for instance representing an isolated trench, may
be  20 significantly higher compared to the rate at
the opening 10913 designed to represent a test region.
Generally, in modern semiconductor devices,
substantially continuous non-tiled metal plates of
increased dimensions compared to metal lines in
product areas may be required for a variety of test
and measurement tasks. Consequently, due to the
structure and geometry dependent etch behavior, the
etch depth and thus the finally achieved thiclmess of
the large-area metal regions may be reduced compared
to actual metal lines, thereby 25potentially resulting
it an overall reduced stability of the respective
metallization layer.        Figure lc schematically
shows the device after the above process sequence with
a trench 111A and an opening 111B formed in the layer
106 and the dielectric layer 105 in the first and
second device regions 120A and 12013, respectively.
Moreover the device is subjected to a further etch
process 112 to remove the remaining  30 etch stop
layer 104 to thereby connect the via opening 105A to
the metal region 103. The via opening 105A, the trench
111A and the opening 11113 may then be filled with
metal, such as copper or copper alloys, by
electrochemical deposition techniques, wherein, prior
to the electrochemical deposition, corresponding
barrier and seed layers may be formed. 35Figure Id
schematically depicts the device 100 after completion
of the above-described process sequence. Thus, the
device 100 comprises a metal-filled via 113A
connecting to the metal region 103 and a metal line
112A.formed above the via 113A. In the second device
region 12013, a metal area 112B is formed, whose
thickness may be reduced compared to the thickness of
the metal line 112A due to potential etch
non-uniformities during the etch process 110, as
previously explained. Moreover, the metal area 11213
may exhibit a 40reduced adhesion to the adjacent
dielectric material of the layer 105, which may cause
delamination of metal  WO 2007/064471PCTMS2006/044291 



diVik Nd.cressIs ifreibetal deposition, such as CMP
and the like, during which increased mechanical stress
may be applied to the device 100. Consequently,
production yield may. be compromised and device
performance reduced. 5In view of the situation
described above, there exists a need for an improved
technique which solves or at least reduces the effects
of one or more of the problems identified above.
DISCLOSURE OF THE INVENTION The following presents a
simplified sununary of the invention in order to
provide a basic understanding  10 of some aspects of
the invention. This summaty is not an exhaustive
overview of the invention. It is not intended to
identify key or critical elements of the invention or
to delineate the scope of the invention. Its sole
puipose is to present some concepts in a simplified
form as a prelude to the more detailed description
that is discussed later. 15Generally, the present
invention is directed to a technique that enables the
formation of metallization layers of semiconductor
devices including large-area metal regions with
enhanced stability in that the large-area metal region
is formed above at least some dummy vias connected
thereto, thereby increasing the adhesion to the
surrounding dielectric material and potentially
reducing etch non-uniformities during the formation of
respective openings within the dielectric materials. A
dummy via may be understood as a metal-filled plug
extending at  20 least partially through the
dielectric material towards a lower-lying material
layer, wherein the dummy via, in contrast to
functional vias provided in product areas of a
semiconductor device, may not be electrically
connected to any semiconductor circuit elements that
are required for a specified circuit layout of an
integrated circuit to be operational. By providing
additional dummy vias, the effective adhesion area
with respect to the neighboring dielectric material of
an overlaying metal region may be significantly
increased, which may reduce 25the probability for the
occurrence of metal delamination and other defect
mechanisms during the formation of metallization
layers in advanced semiconductor devices. According to
one illustrative embodiment of the present invention,
a method comprises identifying a          region of
reduced via density in a metallization layer of a
semiconductor device and forming a dummy via in the
30identified region. Moreover, the method comprises
forming a metal region above the identified region,
wherein the metal region is connected to the dummy
via. 



According to another illustrative embodiment of the
present invention, a method comprises forming a
plurality of vias in a first portion of a first
dielectric layer of a semiconductor device, wherein at
least some of  35 the plurality of vias are
electrically non-functional vias. Furthermore, the
method comprises forming a first metal region in a
second portion of the first dielectric layer, wherein
the second portion is located above the first portion
and the first metal region is connected to at least
one of the electrically non-functional vias.
According to yet another illustrative embodiment of
the present invention, a semiconductor device
40comprises one or more semiconductor circuit elements
formed above the substrate and a metallization layer
WO 2007/064471PCT/US2006/044291 foiai
ino-r.e"S"elnliCoTridiittor circuit elements. The
metallization layer comprises a first metal region and
one or more dummy vies located below the first metal
region, wherein one end of the one or more dummy vies
is connected to the first metal region, while the
other end remains insulated from the one or more
semiconductor circuit elements. 5 BRIEF DESCRIPTION OF
DRAWINGS The invention may be understood by reference
to the following description taken in conjunction with
the accompanying drawings, in which like reference
numerals identify like elements, and in which:
10Figures la-Id schematically show cross-sectional
views of a semiconductor device during the formation
of a metallization layer including metal lines and a
large-area metal region for test purposes during
various manufacturing stages in accordance with a
conventional process technique;             Figures
2a-2b schematically show a top view and a
cross-sectional view, respectively, of a
15semiconductor device in the form of a design layout,
which may be used for identifying areas in a
metallization 



layer having a reduced via density;             Figure
2c schematically shows a top view of a semiconductor
device comprising a plurality of dummy vias within a
specified metallization layer in an area that has
previously been identified as having a reduced via
20density;         Figures 2d-2e schematically
illustrate cross-sectional views of a semiconductor
device having formed therein a plurality of dummy
vias; and 25Figure 3 schematically illustrates a
cross-sectional view of a semiconductor device
including a large- area metal region formed above a
plurality of dummy vias, which in turn are connected
to a dummy metal region in a lower-lying metallization
layer. While the invention is susceptible to various
modifications and alternative forms, specific
embodiments  30 thereof have been shown by way of
example in the drawings and are herein described in
detail. It should be understood, however, that the
description herein of specific embodiments is not
intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is
to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of
the invention as defined by the appended claims.
35MODE(S) FOR CARRYING OUT THE INVENTION
Illustrative embodiments of the invention are
described below. In the interest of clarity, not all
features of an actual implementation are described in
this specification. It will of course be appreciated
that in the development of any such actual embodiment,
numerous implementation-specific decisions must be
made to achieve the developers' specific goals, such
as compliance with system-related and business-related
constraints, 40which will vary from one implementation
to another. Moreover, it will be appreciated that such
a development  WO 2007/064471PCT/US2006/044291
efforrthiglit'ing, but would nevertheless be a routine
undertaking for those of ordinary skill in the art
having the benefit of this disclosure. 



The present invention will now be described with
reference to the attached figures. Various structures,
.  5 systems and devices are schematically depicted in
the drawings for purposes of explanation only and so
as to not obscure the present invention with details
that are well known to those skilled in the art.
Nevertheless, the attached drawings are included to
describe and explain illustrative examples of the
present invention. The words and phrases used herein
should be understood and interpreted to have a meaning
consistent with the understanding of those words and
phrases by'those skilled in the relevant art. No
special definition of a term or  10 phrase, Le., a
definition that is different from the ordinary and
customary meaning as understood by those skilled in
the art, is intended to be implied by consistent usage
of the tenn or phrase herein. To the extent that a
term or phrase is intended to have a special meaning,
i.e., a meaning other than that understood by skilled
artisans, such a special definition will be expressly
set forth in the specification in a definitional
manner that directly and unequivocally provides the
special definition for the tenn or phrase. 15
The present invention is generally directed to a
technique for forming metallization layers in
accordance with a damascene or inlaid strategy,
wherein, in addition to metal lines and vias,
large-area metal regions are also provided. In this
respect, a metallization layer is to be understood as
a dielectric layer formed above a device layer, i.e.,
one or more layers having formed therein semiconductor
circuit elements, such as transistors,  20 capacitors,
resistors and the like, wherein metal lines and metal
regions are provided in the dielectric material, which
provide the inner layer electrical connection of
circuit elements, whereas vias may be connected at
certain locations to the respective metal lines to
establish an electrical connection to a lower-lying
metal region, thereby finally providing an electrical
connection to one or more of the semiconductor circuit
elements within the device layer. 25         As
previously explained, in highly sophisticated
semiconductor devices, highly conductive metals, such
as copper and copper alloys, are typically used which
may be formed on the basis of the damascene technique,
in which the dielectric material is provided with
respective openings that are subsequently filled with
the copper or copper alloy, thereby requiring advanced
anisotropic etch techniques. Moreover, copper and
alloys thereof are  30 frequently used in combination
with low-k dielectric materials, Le., materials having
a dielectric constant of 3.0 or even less, which may
exhibit a reduced adhesion to the filled-in metal.
Consequently, an increased probability for metal
delamination from the suneunding dielectric material
may be observed, in particular, when metal regions of
increased lateral dimensions are to be formed in a
specified metallization layer. For example, in some
metallization layers of a metallization stack, metal
regions may be provided for test purposes which may
35 have no electrical connection to a lower-lying
metal or contact region. Due to the reduced adhesion
to the surrounding dielectric material, particularly
if a low-k dielectric material is considered, a high
risk of metal delamination may exist in subsequent
process steps, such as CMP, and/or the metal thickness
may vary significantly within a metallization layer,
or from layer to layer, due to a significant
non-uniformity of the geometric structure of a
metallization layer, which may include a plurality of
metal lines having design 40dimensions in accordance
with the design rules, while metal regions with
significantly increased lateral  WO
2007/064471PCT/US2006/044291 dimensions compared to
lie iregnurSi Ural lines are also provided. For
example, in advanced semiconductor devices, a width of
a metal line in a lower metallization layer may be in
the range of 1 pm or even less, while, on the other
hand, large-area metal regions are included having
lateral dimensions of; for instance, 80 pm x 80 pm 



5so that at least one lateral dimension is
significantly larger compared to the width of the
regular metal lines.         Without intending to
restrict the present invention to the following
explanation, it is believed that a significant
non-uniformity during the anisotropic etch process for
forming respective openings for metal lines and other
metal regions is caused or influenced by the geometric
difference in dimensions and shape, resulting in a
reduced etch depth of large-area openings that are
formed above a substantially via-free area. For
example,  10 recent investigations performed by the
inventors seem to indicate that a metal region formed
above a dense via area is thicker than a metal region
formed above an area without vias or with a
significantly reduced via density. Consequently, the
present invention contemplates the introduction of
additional dummy vias, La, vias that are not required
for the electrical functionality of the semiconductor
device under consideration, so as to reduce process
non-uniformities during the formation of metal lines
and large-area metal regions, wherein the additional
15dununy vies significantly enhance the overall
adhesion surface area that is provided for the
overlying metal region, thereby significantly
enhancing the overall adhesion to the surrounding
dielectric material. With reference to Figures 2a-2e
and 3, further illustrative embodiments of the present
invention will now be described in more detail. Figure
2a schematically illustrates a top view of a
semiconductor device 200, 20wherein Figure 2a may be
understood as representing a circuit layout of an
integrated circuit that may be  included in the
semiconductor device 200. In other cases, the
semiconductor device 200 may be understood as
representing a certain type of semiconductor device
including all the functional and non-functional
components as required for the fabrication of a
specific type of semiconductor device. For instance,
the semiconductor device 200 may represent the layout
or a real version of a semiconductor device similar to
that shown in Figures  25 la-lb, in which areas of
reduced via density in a specific metallization layer
may be located and identified. Hence, the
semiconductor device 200 or the layout thereof may
comprise one or more metallization layers, one of
which is indicated in the top view of Figure 2a by
reference number 230. The device 200 may comprise at
least a first device region 220A and a second device
region 220B, which may not necessarily be located in
the same die region, when the second device region
220B is to represent a specified test region that has
to be  30 provided at a few specified substrate
locations only. In other illustrative embodiments, the
first and second device regions 220A and 220B may be
located within the same die region, i.e., within a
portion formed above an appropriate substrate, which
may act as a functional unit after dicing the
substrate and separating the individual die regions.
The first device region 220A may include a plurality
of metal lines 212A, 212C, 212D that may be connected
by respective vies 213A to any lower-lying contact
regions or metal regions. It should be appreciated  35
that the metal lines 212A, 212C, 2I2D of the
metallization layer 230 formed in the first device
region 220A may have substantially the same
configuration or may differ in size, depending on the
design requirements. By way of example, one of the
exemplaiy metal lines, L e., the line 212A, may have a
greater width compared to the metal lines 212C, 212D.
Moreover, the vias 213A are shown to have
substantially the same design dimensions, whereas, in
other illustrative embodiments, respective vies may
have different dimensions. 40  WO
2007/064471PCT/US2006/044291 



11"." Tri/tiWcacHa""cle. vicwel4roir 2120B, a metal
region 212B may be provided, which may exhibit
significantly increased dimensions, at least in one
lateral direction, wherein an area corresponding to
the metal region 2I2B may have a significantly reduced
via density compared to the corresponding
metal-containing regions represented by the metal
lines 212A, 212C and 212D. It should be appreciated
that the term "via  5 density" is to be understood as
the number or the area of vias formed below a
respective metal region and being connected thereto.
In other words, a via density may be understood as the
ratio of the total area occupied by the vias 213A with
respect to the total area of a corresponding metal
region, such as the metal line 212A. For example, the
via density of the area corresponding to the metal
region 212B may be zero, since in this stage of design
or manufacture no vias are provided for the metal
region 21213, since no electrical connection is
required  10 to any lower-lying circuit elements. On
the other hand, the metal line 212A may exhibit a
moderately high via density, depending on the total
area of the metal line 212A and the size and number of
vias 213A connected thereto. Figure 2b schematically
shows a cross-sectional view of the layout of the
device 200, wherein the cross-  1 5 section is taken
along the line indicated in Figure 2a as lib. Hence,
the device 200 or its layout may comprise a substrate
201 in and on which is provided a device layer 240,
which may include a plurality ofcircuit elements, such
as semiconductor circuit elements in the form of
transistors, resistors, capacitors and the like. The
corresponding circuit elements are collectively
indicated as 241, which may represent, in the
illustrative embodiment depicted in Figure 2b, a field
effect transistor, wherein the cross-section is taken
along the transistor  20 width direction, that is, the
horizontal direction in Figure 2b may represent the
width direction of the transistor 241. Moreover, the
device layer 240 may include metal-containing contact
plugs 242 that are formed within an interlayer
dielectric material 243 and which may be connected to
respective contact regions of the circuit elements
241. Provided above the device layer 240 may be a
first metallization layer, which may be represented by
a dielectric layer 202 and a plurality of metal lines
included therein, which are represented by a metal
line 25203A which extends along, for instance, the
transistor width direction, i.e., along the horizontal
direction in Figure 2b.        It should be
appreciated that, in advanced semiconductor devices
including a plurality of inetallization layers,
typically the metal lines of one metallization layer
are substantially parallel to each other, while the
metal  30 lines of an adjacent metallization layer are
also substantially parallel but perpendicular to the
metal lines of the adjacent metallization layers. It
should be appreciated, however, that the principles of
the present invention are not restricted to any
particular configuration or orientation of metal lines
within a specific metallization layer. Above the first
metallization layer represented by the dielectric
layer 202 and the metal line 203A may  35 be a further
metallization layer, such as the metallization layer
230, as illustrated in Figure 2a. Consequently, in the
first device region 220A, the respective metal lines
2I2A, 212D and 212C may extend substantially
perpendicularly to the metal line 203A and may be
formed in an upper portion 205U of a dielectdc layer
205. Furthermore, the vias 213A may extend through a
lower portion 205L of the dielectric layer 205 so as
to connect a respective metal line with a
corresponding metal region or metal line of a
lower-lying metallization layer. In 40the present
example, it may be assumed that the metal line 212A
may be connected to the metal line 203A by  WO
2007/064471PCT/US2006/044291 



means 'dale via 213A corresponding to the location as
specified in Figure 2a. It should be noted that the
other metal lines 212D, 212C may also be connected by
respective vies 2I3A with other metal lines contained
in the dielectric layer 202, which, however, may not
be visible in the cross-section of Figure 2b. 5It
should also be appreciated that, ideally, a thickness
of the upper portion 205U of the dielectric layer 205
is defined by a thickness of the corresponding metal
lines 212A, which is, in the design, identical for all
metal lines and regions. In this respect, it should be
noted that, in some embodiments of advanced
semiconductor devices, the dielectric layer 205 may be
provided as a substantially continuous dielectric
layer, typically comprised of a low-k dielectric
material, wherein the finally obtained thickness and
thus height of the  10 metal lines 212A, 212D and 212C
is defined by an etch process. Similarly, in the
second device region 220B, the metal region 212B is
provided in the upper portion 205U, wherein, as
previously explained, in a real device, the height of
the metal region 212B may differ significantly from
the corresponding heights of the metal lines 212A, 21
2D and 212C due to any etch non-uniformities when the
thickness of the upper portion 205U is defined by the
etch process rather than by any etch stop layers or
other process techniques, in which the vies 213A and
15 the metal lines and metal regions in the upper
portion 205U are formed in separate processes, as will
be explained in more detail later on. Moreover, the
manufacturing sequence for forming the semiconductor
device 200 in an actual hardware configuration will be
described later on with reference to Figure 2d. On the
basis of the semiconductor device 200, i.e., its
design layout, as is illustratively depicted in  20
Figures 2a-2b, specific areas in the metallization
layer 230 may be identified in which a reduced via
density is encountered. In one illustrative
embodiment, the metal region 212B may represent a test
structure, for instance for providing process data
with respect to a CMP process with respect to dishing
effects and the like, so that, with respect to any
electrical considerations, the region 212B may be
regarded as a non-functional region, which, however,
may significantly influence the manufacturing process
and also the subsequent behavior of the device  25
200, for instance with respect to metal delamination
and other defect sources. Due to the non-required
electrical function of the region 212B, initially no
vies may be provided below the region 21233.
Consequently, the area including the metal region
21213 may be identified as an area with reduced via
density, wherein a corresponding threshold or other
comparison criterion for indicating an area as an area
of reduced via density may be established on the basis
of empirical data, process models and the like. In one
illustrative embodiment, in  30 addition to any
electrically non-finuctional metal regions, such as
the region 212B, electrically functional regions may
also be examined with respect to their via density so
as to identify a reduced via density. For example, in
the embodiment shown, the metal line 212C may be
identified as an area of reduced via density, wherein,
depending on the configuration of the underlying
metallization layer, specific areas may be determined
which may be appropriate for receiving additional
dummy vies to enhance the overall performance of the
metal line 35212C.        After the identification of
respective areas with reduced via density, the
semiconductor device 200, Le., its design layout, may
be re-designed to include at least some dummy vies in
the one or more identified regions of reduced via
density. In one illustrative embodiment, the area of
the lower portion 205L of the dielectric layer 40205,
located below the metal region 212B, may be identified
as a corresponding region of reduced via density  WO
2007/064471P CT/ U S2006/044291  agtkis nthie digiai
''semiconductor device 200 may be altered to include
one or more dummy vias located below the metal region
212B and connected thereto. In still other
embodiments, functional metal regions, such as the
metal line 212C, may be identified as being located
above a region of reduced via density, wherein, in
this case also, certain areas in the lower portion
205L of the dielectric layer 205 may be identified
which may be 



5appropriate for receiving additional dummy vias
without providing electrical contact to any
lower-lying metallization layers.         Figure 2c
schematically shows the semiconductor device 200 or
its modified layout in a top view, wherein at least
some additional dummy vias are provided in order to
enhance the performance of the respective  10
overlying metal regions. In Figure 2c, a plurality of
dummy vias 213B are provided, which are connected to
the metal region 212B and which may terminate in a
dielectric material, such as the layer 202 (Figure
2b), without affecting the electric functionality of
the semiconductor device 200. Moreover, in one
illustrative embodiment, additional dummy vias 213B
may also be provided in one or more of the
electrically functional metal lines, such as the line
212C, wherein a sufficient lateral distance with
respect to any metal lines provided in the dielectric
15 layer 202, such as the metal line 203A, may be
maintained in order to reliably avoid any shortage
between the metal line 212C and a lower-lying metal
line for which no electrical connection is included in
the original design of the device 200. It should be
appreciated that, in some illustrative embodiments,
the dummy vias 21313 may have  20 substantially the
same configuration as the functional vias 213A,
thereby ensuring a high degree of process uniformity
during the formation of the vias 213A and the dummy
vias 21313. In other illustrative embodiments, the
dummy vias 21313 or a portion thereof may be formed on
the basis of different design criteria, thereby
providing the potential for specifically enhancing the
performance in combination with the respective
overlying metal regions. For example, it may be
advantageous to increase the size of the dummy vias
21313 and/or alter  25 the distance between adjacent
vias in order to enhance the mechanical stability of
the dielectric material that remains between the dummy
vias 21313. Moreover, the shape of the dummy vias
21313 may be selected on the basis of mechanical
criteria rather than adopting design criteria
appropriate for the functional vias 213A. For
instance, the cross-section, when viewed in the top
view of Figure 2c, may have any appropriate shape,
such as circular, polygonal, square, rectangular and
the like. 30        Figure 2d schematically shows a
cross-sectional view of the semiconductor device 200
according to a real implementation on the basis of the
device 200 as shown in Figure 2c, which comprises the
additional dummy vias 213B. The cross-section of
Figure 2d may be taken along the line indicated by
lid, similar to the cross-section as shown in Figure
2b. , 35         Thus, the semiconductor device 200 as
shown in Figure 2d comprises the substrate 201, which
may represent any appropriate substrate having formed
thereon a semiconductor layer suitable for the
formation of the circuit elements 241, such as
transistors, capacitors, resistors and the like. The
substrate 201 may represent, in some embodiments, a
bulk silicon substrate having formed thereon an
appropriate crystalline semiconductor 40layer, or, in
other embodiments, the substrate 201 may represent an
SOT substrate having formed thereon a  WO
2007/064471PCT/US2006/044291 



semiconductor layer separated from the rest of the
substrate by a buried insulating layer, wherein this
arrangement may provide enhanced performance in terms
of operating speed, radiation immunity and the like.
It should be appreciated, however, that any other
appropriate semiconductor materials may be used,
wherein, in , particular, in sophisticated
applications, the substrate 201 may have formed
therein crystalline regions of 5 different
crystallographic orientations and/or inherent strain
and/or different material compositions, and the like.
- The substrate 201 comprises the first device region
220A, which may represent a region of the device 200
including the plurality of circuit elements 241 and
interconnect structures providing the electrical
connections between the individual circuit elements
241. The second device region 220B may represent a
region that may include circuit elements (not shown)
which may not need to be connected by any overlying
metallization layer,  10 or the region 220B may
represent an area of the substrate 201 reserved for
test and measurement purposes, -wherein, as-previously
explained, the first and the second device regions
220A, 220B may be provided within the same die or, in
other embodiments, the second device region 220B may
be provided at specified locations across the entire
substrate 201. Formed in and on the substrate 201 are
the circuit elements 241 and the corresponding contact
plugs 242, thereby forming the device layer 240, In
advanced semiconductor devices, the  15 circuit
elements 241 may have a minimum critical dimension,
such as a gate length of field effect transistors,
i.e., in -Figure 2d, a dimension in the direction
perpendicular to the drawing plane of Figure 2d, of
approximately 50 nm and even less. The circuit
elements 241 and the respective contact plugs 242 may
be formed in the dielectric  layer 243 --which may be
provided as a layer stack including dielectric
materials, such as silicon nitride, silicon dioxide,
silicon oxynitride, silicon carbide, nitrogen-enriched
silicon carbide and the like. 20        The
semiconductor device 200 further comprises a first
metallization layer comprised of the dielectric layer
202 and a plurality of metal lines, which are
represented by the metal line 203A. As is shown, the
metal line 203A may extend across a significant
portion of the first device region 220A, while
substantially no metal lines are formed in the
dielectric layer 202 corresponding to the second
device region 220B. In advanced  25  semiconduetor
devices, the layer 202 may comprise a low-k dielectric
material, wherein, in some illustrative embodiments;
an appropriate low-14 material may be hydrogenated
silicon oxycarbide (SiCOH), whereas, in other
illustrative embodiments, other suitable low-k polymer
material may be used. Formed above the dielectric
layer 202 and the metal line 203A is the etch stop
layer 204, which may be comprised of silicon nitride,
silicon carbide, nitrogen-enriched silicon carbide and
the likes Formed above the etch stop layer 204, which
also acts as  30 a capping layer for the metal line
203A, is the metallization layer 230, which may
represent, in this illustrative embodiment,-the second
metallization layer. The metallilation layer 230 may
comprise the dielectric layer 205, which may include
the upper-layer portion 205U and the lower portion
205L, wherein the lower portion 205L may be defined by
the vias 213A, 213B extending through the lower
portion 205L. Similarly, the upper portion 205U may be
defined by. the- vertical extension of the respective
metal lines 212A, 212D, 212C and the metal  35 region
212B. In this respect, it should be- appreciated that
any positional information and statements, such as
"upper," "lower," "above:' "below," "vertical,"
"horizontal," "lateral" and the like may be understood
with respect to the substrate 201. For example, a
lateral direction is to be considered as a direction
substantially extending parallel to a surface 2015 of
the substrate 201. A component or layer is located
below another layer when the distance of the former
component or layer with respect to the surface 201S is
less compared to the 40latter layer.  WO
2007/064471PCT/US2006/044291         Contrary to the
conventional device as described with reference to
Figures la- Id, the dummy vias 2I38 are provided below
the metal region 212B and are connected thereto with
one end, while the other end of the .dummy vias .213B
may terminate in the, dielectric material of the layer
202.. Due to the provision of the dummy  5 vias 21313,
the overall surface of the metal comprising the region
21213 and the dummy vias 21313 that is in contact with
the dielectric material of the layer 205 is
significantly increased, thereby providing an enhanced
adhesion so that a delamination of the metal region
21213 during the formation of the semiconductor device
200 may be significantly reduced. As previously
explained, copper-based metals are typically used in
combination with low-k dielectric materials, which per
se exhibit a reduced mechanical stability. Hence,
during thermal and  10  mechanical stress encountered
during the fabrication and/or the operation of the
device 200, a reduced adhesion of the copper-based
metal to the surrounding dielectric material may
result in. an increased defect rate, a partial or even
total delamination of a specified metal region, or any
other defect mechanisms. For example, in advanced
devices, 'extremely high current densities may be
encountered during the operation of the device,
wherein a reduced adhesion of the metal line to the
surrounding dielectric material may also reduce the 



15 resistance against electromigration, thereby
significantly affecting the overall reliability of the
metal line under  consideration and thus of the entire
semiconductor device 200. Even if the metal region
2128 is to represent a test area located outside of
-an actual die region, a reduced adhesion during the
subsequent manufacturing processesmay.result in a
reduced reliability of the corresponding metal regions
in the first device region 220A, since the reduced
mechanical stability during, for instance, a CMP
process, which may be substantially caused  20 by the
reduced adhesion of the regions 21213, may also affect
adjacent die regions including the first device region
220A, thereby also rendering these device regions less
reliable during the subsequent processing and even
lateron during the operation of the finally completed
semiconductor device 200, which may no longer include
the metal region 21213. 25A typical process flow for
forming the semiconductor device 200 may comprise
substantially the same processes as previously
described with reference to the semiconductor device
100. Hence, after the formation of the circuit
elements 241 within the device layer 240 including the
contact plugs 242 on the basis of well-established
recipes; the first metallization layer, represented by
the dielectric layer 202 and the one or more metal
lines 203A,may be formed on the basis of
well-established techniques wherein, as previously
explained, a low-k  30 dielectric material is
frequently used in combination with copper or copper
alloys. Thereafter, the second metallization layer 230
may be formed by providing an appropriate dielectric
material, such as a low-k dielectric material,
wherein, in one illustrative embodiment, corresponding
via openings may be formed in the upper and lower
portions 205U, 205L of the dielectric layer 205 on the
basis of the modified layout design as shown in Figure
2c. Consequently, a plurality of respective via
openings are also formed at least below an area  35
corresponding to the metal region 21213 still to be
formed. In other embodiments, as previously explained,
respective via openings may also be fonfied in any
device areas that may have been identified as areas of
reduced via density on the basis of the initial design
layout of the device 200 described with reference to
Figures 2a-2b.  WO 2007/064471PCT/U S2006/044291
Tfterafie1,u t5i"Well-ataliVAlictifeChniques,
corresponding openings for the metal lines 212A, 2120,
212C and the metal region 21213 may be formed above
the corresponding via openings including openings for
the functional vies 213A and the dummy vias 21313. As
previously noted, during the corresponding =isotropic
etch.process for. forming the respective openings, a
significantly increased process uniformity may be
achieved, 5 since similar etch conditions may be
established for forming the opening for the region
21213 and for the formation of the trench openings
corresponding to the regions 2I2A, 2I20, 2I2C. As a
consequence, the respective openings for the regions
212A, 2120, 2I2C and 212B may be formed with
substantially a similar depth in the upper layer
portion 205U so that, in general, a more uniform and
enhanced metal thickness may be obtained in the
metallization layer 230. Thereafter, the corresponding
openings may be filled with appropriate 10barrier and
seed layers followed by the deposition of the actual
metal in a common manufacturing process.        In
further illustrative embodiments, the respective
openings for the metal lines 21 2A, 2120, 212C and for
the metal region 212B may be formed first in the upper
portion of dielectric layer 205 and thereafter the
corresponding via openings for the vias 213A, 213B may
be formed. Even in this case, an enhanced reliability
15 of the resulting metal region 21213 may be
achieved, since even after any etch non-uniformities
may have occurred, which may result in a reduced depth
of the opening corresponding to the metal region
21213, the dummy vias 213B may nevertheless provide
enhanced adhesion of the region 21213, thereby
significantly . reducing the risk for any metal
delamination in subsequent processes. 20Figure 2e
schematically shows the semiconductor device 200
according to another illustrative 



embodiment, wherein the vias 21 3A and the dummy vias
213B are completely formed prior to the formation of
the corresponding metal lines and metal regions. For
this purpose, the lower portion 205L may be formed and
may be subsequently patterned to receive corresponding
via openings in accordance with the design of the
semiconductor device 200 as shown in Figure 2c.
Thereafter, the respective openings may be coated with
25 appropriate barrier and seed materials and
thereafter the actual metal, such as copper, may be
deposited on the basis of well-established techniques.
Next, any excess material may be removed, for instance
by CMP and/or electrochemical etch techniques.
Thereafter, the upper portion 205U may be formed,
possibly by providing an intermediate etch stop layer,
and may then be patterned to provide the corresponding
openings for the metal lines 212A, 2120, 212C and the
metal region 21213, which are then filled with barrier
material and the actual metal, 30As a result, an
enhanced reliability for the metal region 20213 may
also be obtained for the device 200 as fabricated
according to Figure 2e.         Figure 3 schematically
shows a cross-sectional view of a semiconductor device
300 in accordance with yet another illustrative
embodiment of the present invention. The semiconductor
device 300 may comprise 35  substantially the same
components as 'the semiconductor device 200. Hence,
the device 300 may comprise a substrate 301 on which
is formed a device layer 340 including a plurality of
circuit elements 341, such as field effect
transistors, which may have, for instance, a minimal
critical dimension 341A of 50 rim or even less. The
device layer 340 may further comprise corresponding
contact plugs 342 which may be connected to respective
metal lines 303A formed in a dielectric layer 302.
Contrary to the previously described embodiments, the
device 40300 may comprise, in a second device region
320B, one or more dummy metal regions 30313, which may
WO 20071064471PCT/US2006/044291 7/ thlrir: comprise,
together with the metals lines 303A and the dielectric
layer 302, the first metallization layer of the device
300. In other embodiments, the metal lines 303A and
the dummy metal regions 30313 may be part of a higher
metallization layer so that the metal lines 303A may
not be directly in contact with the respective contact
pl"gs.342.. Moreover,. a further metallization layer
330, in the illustrated embodiment the second
metallization  5 layer, is formed to include a
plurality of functional vias 313A connecting to
respective metal lines 303A, while a plurality of
dummy vias 313B may be provided, wherein at least some
of the dununy vias 31313 may connect to a respective
dummy metal region 30313. Moreover, corresponding
metal lines 312A may be formed in the first device
region 320A, while a metal region 31213, such as a
large-area test region and the like, may be formed
above the dummy vias 31313. 



10       " Regarding the process flow for forming the
semiconductor device 300, the same criteria apply as
previously explained with reference to the
semiconductor devices 100 and 200. It should be
appreciated, however, that a corresponding design of
the semiconductor device 300 is altered with respect
to the design of the semiconductor device 200 so as to
now obtain the dummy metal regions 303B in any
appropriate size and shape.  15 For example, the dummy
metal regions 303B may represent metal lines extending
substantially parallel to the metal lines 303A,
whereas, in other embodiments, the dummy metal regions
303B may represent metal islands on which one or more
dummy vias 303B terminate. The duMmy metal regions
30313 are electrically nonfunctional in the sense that
these dummy metal regions 303B may not provide an
electrical contact to any of the circuit elements 341.
It should be appreciated, however, that a plurality of
corresponding dummy metal regions  20 303B may be
provided in other adjacent metallization layers,
wherein at least the very first dummy metal region,
i.e., the dummy metal region located closest to the
substrate 301, may not be electrically connected to
respective circuit elements 341. Due to the provision
of the dummy metal regions 303B, which act as
"anchors" for the dummy vias 313B and thus for the
corresponding metal regions 312B, the mechanical
stability of the metallization layer 330 may be even
more enhanced. 25         As a result, the present
invention provides a new technique for the formation
of metallization layers including electrically
non-functional metal regions, the mechanical stability
of which may be significantly enhanced by forming one
or more dummy  vias below the corresponding metal
regions. Moreover, by identifying device areas with
reduced via density and by correspondingly
re-designing the semiconductor device  .30 under
consideration, an enhanced process uniformity may be
achieved, thereby also contributing to an overall
performance gain and/or to an enhanced production
yield. Furthermore, the provision of dummy vias may
not be restricted to electrically non-functional metal
regions but may also be applied to metal lines and
other metal regions, thereby also enhancing the
electrical as well as mechanical performance of these
functional metal lines and regions. For example, by
providing any dummy vias for a metal line, the overall
resistance thereof may be 35reduced and at the same
time the mechanical stability thereof may be
significantly enhanced.        The particular
embodiments disclosed above are illustrative only, as
the invention may be modified and practiced in
different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings
herein. For example, the process steps set forth above
may be performed in a different order. 40Furthermore,
no limitations are intended to the details of
construction or design herein shown, other than as  WO
2007/064471P CT/11S2006/044291 dd6i1b'ed1 16 the
d'higiflelow, illhaefore evident that the particular
embodiments disclosed above may be altered or modified
and all such variations are considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the claims
below.  What is claimed is: 



A method, comprising:        identifying a region of
reduced via density in a metallization layer of a
semiconductor device by determining an area in said
metallization layer for receiving a metal region
therein on the basis of design rules for said
semiconductor device, determining a number of
functional vias located below said metal region and
connected thereto and obtaining a measure for a
density of said functional vias on the basis of design
values relating to said metal region and said
functional vias, wherein the region is identified
based on said measure;     forming a dummy via in said
identified region beneath said metal region; and
forming the metal region above said identified region,
said metal region connecting to said dummy via. 2. The
method of claim I, wherein identifying said region of
reduced via density further comprises comparing said
measure with a reference criterion and re designing
design rules for said semiconductor device to include
at least one dummy via located below said metal region
when a result of said comparing indicates a reduced
via density.  3. The method of claim I, wherein said
dummy via has substantially the same design dimensions
as a functional via to be formed in said metallization
layer.  4. The method of claim I, wherein forming said
dummy via and said metal region comprises: forming a
dielectric layer above a substrate; forming a via
opening in said dielectric layer; forming an opening
above said via opening in said dielectric layer; and
commonly filling said via opening and said opening
with a metal.  5. The method of claim I, wherein
forming said dummy via and said metal region
comprises:  forming a first dielectric layer above a
substrate; forming said dummy via in said first
dielectric layer;       forming a second dielectric
layer above said first dielectric layer including said
dummy via; and 



forming said metal region in said second dielectric
layer.  6. The method of claim I, wherein forming said
dummy via and said metal region comprises: forming a
dielectric layer above a substrate; forming an opening
corresponding to said metal region in said dielectric
layer. forming a via opening in said opening; and
commonly filling said opening and said via opening
with a metal.  7. The method of claim I, wherein said
metal region represents a test region.  8. The method
of claim 7, wherein said metal region represents a
metal line having at least one functional via
connected thereto so as to establish an electric
connection to at least one circuit element. 


