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(57) ABSTRACT

A method for fabricating a semiconductor device. The
method includes providing a semiconductor substrate includ-
ing a surface region. The method forms a first interlayer
dielectric overlying the surface region and forms an intercon-
nect layer overlying the first interlayer dielectric layer. The
method also forms a low K dielectric layer overlying the
interconnect layer, which has a predetermined shape. The
method forms a copper interconnect layer overlying the low
K dielectric layer. In a preferred embodiment, the low K
dielectric layer maintains the predetermined shape using a
dummy pattern structure provided within a portion of the low
K dielectric layer to mechanically support and maintain the
predetermined shape ofthe low K dielectric layer between the
interconnect layer and the copper interconnect layer.
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DUMMY PATTERNS AND METHOD OF
MANUFACTURE FOR MECHANICAL
STRENGTH OF LOW K DIELECTRIC

MATERIALS IN COPPER INTERCONNECT

STRUCTURES FOR SEMICONDUCTOR

DEVICES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This patent application claims priority to Chinese
Patent Application Number 200510111998.3; filed on Dec.
22, 2005, commonly assigned, and hereby incorporated by
reference for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] NOT APPLICABLE

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED ON A COMPACT DISK.

[0003] NOT APPLICABLE
BACKGROUND OF THE INVENTION
[0004] The present invention is directed to integrated cir-

cuits and their processing for the manufacture of semicon-
ductor devices. In particular, the invention provides a method
and structures for manufacturing metal interconnect struc-
tures for integrated circuit devices. More particularly, the
invention provides one or more dummy structures to maintain
a dielectric layer within a predefined region and between a
pair of metal layers according to a specific embodiment. But
it would be recognized that the invention has a much broader
range of applicability.

[0005] Over the past decades, integrated circuits have
evolved from a handful of interconnected devices fabricated
on a single chip of silicon to millions of devices. Performance
and complexity are far beyond what was originally imagined.
In order to achieve improvements in complexity and circuit
density (i.e., the number of devices capable of being packed
onto a given chip area), the size of the smallest device feature,
also known as the device “geometry,” has become smaller
with each generation of integrated circuits. Certain semicon-
ductor devices are now being fabricated with features less
than a quarter of a micron across.

[0006] Increasing circuit density has not only improved the
complexity and performance of circuits but also provided
lower costs to consumers. Conventional semiconductor fab-
rication plants often costs hundreds of millions or even bil-
lions of U.S. dollars to construct. Each fabrication facility has
a certain capacity measured in tens of thousands of wafer
starts per month. Each wafer also has a certain number of
potential chips. By manufacturing individual devices smaller
and smaller, more devices are packed in a given area of
semiconductor, which increases output of the fabrication
facility. Making devices smaller is always very challenging,
as each process for the manufacture of semiconductor devices
has a limit. Thatis to say, a given process typically only works
down to a certain feature size, and then either the process or
the device layout should be changed.

[0007] Costs of operating fabrication facilities have also
increased dramatically. As many know, many U.S. fabrication
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facilities that were operable in the 1970’s and 1980°s no
longer exist. Many of such fabrication facilities migrated to
Japan in the 1980°s and then to Korea and Taiwan in the
1990’s. As demand for lower cost fabrication facilities con-
tinues, China has now become a choice geographic location
for fabrication facilities to start up. Many companies have
announced plans to begin manufacturing facilities in China.
Such companies include, but are not limited to, Motorola,
Inc., Taiwan Semiconductor Manufacturing Corporation of
Taiwan, also called TSMC, and others. Although labor costs
may be somewhat lower in China, there are still many costs
that still need to be reduced or even eliminated as the demand
for lower cost silicon continues!

[0008] An example of a process that has limitations based
upon a given feature size is the formation of contact and/or
bonding structures for advanced devices using low K dielec-
tric materials. That is, such contact structures using low K
dielectrics often become damaged during the manufacturing
of'the integrated circuit. The damage causes reliability and/or
device failures. These and other limitations of the conven-
tional contact structures can be found throughout the present
specification and more particularly below.

[0009] From the above, it is seen that an improved tech-
nique for processing semiconductor devices is desired.

BRIEF SUMMARY OF THE INVENTION

[0010] According to the present invention, techniques
directed to integrated circuits and their processing for the
manufacture of semiconductor devices are provided. In par-
ticular, the invention provides a method and structures for
manufacturing bond pad structures for integrated circuit
devices. More particularly, the invention provides a grid
structure to maintain a dielectric layer within a predefined
region and between a pair of metal layers while a bonding pad
structure is provided on a portion of the predefined region
according to a specific embodiment. But it would be recog-
nized that the invention has a much broader range of applica-
bility.

[0011] Inaspecific embodiment, the present invention pro-
vides a method for providing one or more redundant vias
between at least a pair of metal interconnect layers. In a
specific embodiment, the one or more redundant vias form a
“dummy pattern.” The dummy pattern can include at least
three consecutive layers in a process flow, e.g., Mn, Vn,
Mn+1, where “n” is an integer number of one or greater. In a
specific embodiment, the dummy pattern is located spatially
about 1 umto 5 um away from a portion of a functional circuit.
In a specific embodiment, the dummy pattern includes a
plurality of vias that are mechanically connected to the two
metal layers that sandwich them in between for mechanical
strength and support. Depending upon the embodiment, the
dummy pattern can have a variety of shapes and sizes, e.g.,
rectangular, or any other shape. In a specific embodiment, the
dummy pattern is particularly helpful in interconnects using
copper/low K dielectric materials where the modulus of the
low K material is much lower than conventional silicon oxide.
In a specific embodiment, the dummy pattern or patterns are
formed together or simultaneously with the process of form-
ing the interconnect structure and include portions of the
layers used for the interconnect structures themselves. In a
specific embodiment, the dummy pattern includes a via size
that ranges from about 50 to about 500 nm. Of course, there
can be various modifications, alternatives, and variations.
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[0012] Inaspecific embodiment, the present invention pro-
vides a semiconductor device, e.g., NMOS, CMOS. The
device has a semiconductor substrate (e.g., silicon, silicon on
insulator, epitaxial silicon) including a surface region. The
device has a first interlayer dielectric overlying the surface
region and an interconnect layer overlying the first interlayer
dielectric layer. In a preferred embodiment, the interconnect
layer includes a plurality of interconnect regions for electri-
cally coupling one or more circuit elements together. The
device has a low K dielectric layer overlying the interconnect
layer. The device has a predetermined shape characterizing
the low K dielectric layer. The device has a copper intercon-
nect layer (e.g., single damascene, dual damascene) overly-
ing the low K dielectric layer. The device has a dummy pattern
structure provided within a portion of the low K dielectric
layer to provide mechanical support to maintain the predeter-
mined shape of the low K dielectric layer. In a preferred
embodiment, the predetermined shape is maintained between
the interconnect layer and the copper interconnect layer.
[0013] In an alternative specific embodiment, the present
invention provides a method for fabricating a semiconductor
device. The method includes providing a semiconductor sub-
strate including a surface region. The method forms a first
interlayer dielectric overlying the surface region and forms an
interconnect layer overlying the first interlayer dielectric
layer. The method also forms a low K dielectric layer overly-
ing the interconnect layer, which has a predetermined shape.
The method forms a copper interconnect layer overlying the
low K dielectric layer. In a preferred embodiment, the low K
dielectric layer maintains the predetermined shape using a
dummy pattern structure provided within a portion of the low
K dielectric layer to mechanically support and maintain the
predetermined shape ofthe low K dielectric layer between the
interconnect layer and the copper interconnect layer.

[0014] In aspecific embodiment, the present invention can

include one or more of the features noted below.

[0015] 1.Inaspecific embodiment, the present method and
structure provides redundant via patterns (for mechanical
strength) used in the form of sandwiched structure bonded
by two adjacent metal layers.

[0016] 2. In an alternative specific embodiment, the shapes
of redundant via patterns can be varied as described above
and well as throughout the present document.

[0017] 3. The sandwiched structures can be repeated to the
multi-layered structure, including, for example, metal
1M1)/via 1 (V1)/metal 2 (M2)/via 2 (V2)/metal 3 (M3)
according to a specific embodiment.

[0018] 4. In a preferred embodiment, redundant patterns
are placed where they do not affect the circuit performance
electrically.

[0019] Depending upon the embodiment, one or more of

the above features can be included. Of course, there can be

other variations, modifications, and alternatives.

[0020] Many benefits are achieved by way of the present

invention over conventional techniques. For example, the

present technique provides an easy to use process that relies
upon conventional technology. In some embodiments, the
method provides higher device yields in dies per wafer. Addi-
tionally, the method provides a process that is compatible
with conventional process technology without substantial
modifications to conventional equipment and processes. Pref-
erably, the invention provides for an improved process inte-

gration for design rules of 90 nanometers and less or 65

nanometers and less. Additionally, the invention provides for
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increased strength in bonding pad structures that may employ
Low K dielectric materials, e.g., dielectric constant of SiO, of
about k=3.5 and less (e.g., doping with fluorine to produce
fluorinated silica glass, or commonly termed FSG), dielectric
constant K=3 and less, or K=2.9 and less. Preferably, the
present method and structures prevents any delaminating of
layers using low K dielectric and bonding due to compression
influences associated with the bonding pad. Depending upon
the embodiment, one or more of these benefits may be
achieved. These arid other benefits will be described in more
throughout the present specification and more particularly
below.

[0021] Various additional objects, features and advantages
of the present invention can be more fully appreciated with
reference to the detailed description and accompanying draw-
ings that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a simplified three dimensional diagram of
a contact structure for a semiconductor device according to an
embodiment of the present invention;

[0023] FIG. 2 are simplified top-view diagrams of contact
structures according to embodiments of the present invention;
[0024] FIG. 3 are simplified side-view diagrams of contact
structures according to embodiments of the present invention;
[0025] FIG. 3A is a simplified three dimensional view dia-
gram of a contact structure according to an embodiment of the
present invention;

[0026] FIGS. 4 and 5 are simplified three dimensional dia-
grams of contact structures for semiconductor devices
according to embodiments of the present invention;

[0027] FIG. 6 is a simplified three dimension diagram of
dummy structures for interconnects according to an embodi-
ment of the present invention;

[0028] FIG. 7 illustrates various top-view diagrams of
dummy structures according to embodiments of the present
invention; and

[0029] FIG. 8 is a simplified flow diagram of a method for
fabricating a dummy structure for an interconnect according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0030] According to the present invention, techniques
directed to integrated circuits and their processing for the
manufacture of semiconductor devices are provided. In par-
ticular, the invention provides a method and structures for
manufacturing metal interconnect structures for integrated
circuit devices. More particularly, the invention provides one
or more dummy structures to maintain a dielectric layer
within a predefined region and between a pair of metal layers
according to a specific embodiment. But it would be recog-
nized that the invention has a much broader range of applica-
bility.

[0031] Copper wires are usually embedded in the dielectric
materials by damascene technologies, such as dual dama-
scene structures. Since circuit structures including the
embedded copper and dielectric materials often have a large
difference in thermal expansion coefficients and modulus,
such structures often suffer from deformation during thermal
cycles during wafer processes and during the final packaging
processes associated with the manufacture of integrated cir-
cuits. This limitation is especially pronounced for copper
embedded into low dielectric constant (low k) materials,
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which possess modulus that are much smaller than conven-
tional silicon oxide materials. The deformation of dielectrics
can displace metal vias causing via opens and other problems.
The deformation can also cause film de-lamination and crack-
ing. In order to mechanically strengthen the dielectric films in
the interconnect structure, the present invention provides a
method and structure for adding redundant metal/via/metal
sandwich structures in predetermined spatial regions, which
are substantially open in the integrated circuit structure. The
redundant structures are often designed in a special pattern to
maximize the mechanical stability according to a specific
embodiment. Further details of the present invention can be
found throughout the present specification and more particu-
larly below.

[0032] FIG. 11is a simplified three dimensional diagram of
a contact structure 100 for a semiconductor device according
to an embodiment of the present invention. This diagram is
merely an example, which should not unduly limit the scope
of the claims herein. One of ordinary skill in the art would
recognize many variations, modifications, and alternatives. In
a specific embodiment, the device has a semiconductor sub-
strate, e.g., silicon wafer. The device has a plurality of gate
structures (e.g., MOS gate structures) formed on a portion of
the semiconductor substrate. The device also has a gate
dielectric layer and isolation structures, e.g., trench isolation.
The device has a first interlayer dielectric (e.g., low K, BPSG,
PSG, FSG) overlying the gate structures. In a preferred
embodiment, the first interlayer dielectric layer has a substan-
tially flat surface region. Depending upon the embodiment,
there can be other variations, modifications, and alternatives.

[0033] Inaspecific embodiment, the device has a first cop-
per interconnect layer 101 overlying the substantially flat
surface region of the first interlayer dielectric layer. The
device also has a first low K dielectric layer 109 overlying the
first copper interconnect layer. A second copper interconnect
layer 103 is overlying the low K dielectric layer. In between
the first and second copper layers is a copper ring structure
(not shown, but see the figures below) enclosing an entirety of
an inner region of the first low K dielectric layer. In a preferred
embodiment, the copper ring structure is provided between
the first copper interconnect layer and the second copper
interconnect layer to maintain the inner region of the first low
K dielectric layer. A bonding pad structure is overlying a
region within the inner region. As shown without the ring
structure, the dielectric material in between the two metal
plates transfer the applied force 105 into the dielectric mate-
rial 107, which causes force to neighboring circuits, which
can lead to failure. As shown, the metal plate structure under-
neath a bond pad has parallel plates sandwich an array of
metal vias produced either by single or dual damascene pro-
cesses according to a specific embodiment. The stress
induced dielectric deformation are schematically illustrated.
As can be seen, the excess materials pushed out of the sand-
wich will make the surrounding dielectrics compression and
may result in delaminating. Also, the dielectric inside the
sandwiches may crack under the stress. Further details on
how to overcome the limitation among others will be
described throughout the present specification and more par-
ticularly below.

[0034] FIG. 2 are simplified top-view diagrams of contact
structures 201, 220 according to embodiments of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims herein. One of ordi-
nary skill in the art would recognize many variations, modi-
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fications, and alternatives. As shown, each of the contact
structures 201 220 represent a top view of a metal pad struc-
ture, which will be underlying a bond pad structure. Each of
the structures 211, which are copper based, including one or
more ring structures 203, 205, 207 according to a specific
embodiment. Each of the ring structures is provided during
via formation of the copper structures according to a specific
embodiment. Each of the structures is continuous and sur-
rounds the dielectric material within a center portion of the
copper structures.

[0035] In a preferred embodiment, each of the ring struc-
tures is bounded by the first copper interconnect layer and the
second copper interconnect layer. Each of the ring structures
can also have a dielectric material in between them according
to a specific embodiment. As shown, the structure 201 is
rectangular shaped and structure 220 has a round cornered
polygon shape according to a specific embodiment. Depend-
ing upon the embodiment, there can be other shapes and sizes,
including annular, circular, square, trapezoidal, any combi-
nation of these, among others. Of course, one of ordinary skill
in the art would recognize many variations, modifications,
and alternatives.

[0036] FIG. 3 are simplified side-view diagrams of contact
structures 300, 320 according to embodiments of the present
invention. This diagram is merely an example, which should
not unduly limit the scope of the claims herein. One of ordi-
nary skill in the art would recognize many variations, modi-
fications, and alternatives. As shown, the contact structures
illustrate cross-sectional views of bonding pad structures
according to an embodiment of the present invention. In a
specific embodiment, the cross-sectional view includes a top
aluminum bond pad 303 having a patterned bottom portion
301, which electrically and physically connects to the copper
metal layer. In a specific embodiment, the bond pad 323 has a
flat bottom portion, which is continuous 321, and electrically
and physically couples to the copper metal layer. The struc-
ture also has a plurality of metal ring structures 335 or a single
ring structure 331 according to a specific embodiment. Each
of the ring structures seals the dielectric material within the
center region of the ring structure and provides mechanical
support between each of the copper metal plates according to
a specific embodiment. Further details of the present metal
structures and methods can be found throughout the present
specification and more particularly below.

[0037] FIG. 3A is a simplified three dimensional view dia-
gram of a contact structure 350 according to an embodiment
of the present invention. These diagrams are merely
examples, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
many variations, modifications, and alternatives. As shown,
the metal stack (e.g., via 1, via 2, via 3, M2, M3, M4) is
provided underneath a bond pad (not shown, which includes
a copper plate and overlying aluminum layer). Depending
upon the embodiment, the bond pad includes one or more
metals that are connected through one or more rectangular
vias and are arranged orthogonal to the next layer. As shown,
the structure includes via structures and metal line structures,
e.g., M1, M2, M3, M4. Depending upon the embodiment, via
n can be arranged parallel to Mn and/or be arranged in a
cross-shaped with one arm parallel to a metal above it and the
other to the metal below it. In a specific embodiment, the bond
pad is then formed on top of and overlying the present struc-
ture either by placing it directly on top for wire bonding or
redistributed to the designed pattern on the next metal layer,
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e.g., aluminum alloy, copper, copper alloy, or other conduc-
tive materials. Of course, there can be other variations, modi-
fications, and alternatives.

[0038] Inaspecific embodiment, the present invention pro-
vides a semiconductor device with the bond pad structure
350, as shown. The device has a semiconductor substrate and
a plurality of gate structures. The device has a first interlayer
dielectric overlying the gate structures. The device has a first
copper interconnect layer 351 M1 overlying the first inter-
layer dielectric layer according to a specific embodiment. The
first layer is a plate that is substantially homogeneous and
forms a sheet structure. The device has a first low k dielectric
layer 352 overlying the first copper interconnect layer. In a
specific embodiment, the dielectric material can be selected
from SiO,, SiC,, SiN,, SiO,F , SiO,C,, SiO,C F,, carbon like
diamond produced by CVD or/and PECVD, low k dielectric
called SiLKTM dielectric from Dow Chemical with a k-value
of 2.65, hydrogen silsesquioxane (HSQ), polyimide pro-
duced spin-on technology, and other dielectric materials. A
predetermined shape characterizes the first low k dielectric
layer according to a specific embodiment. A patterned second
copper interconnect layer (see via 1 layer) is overlying the
first copper interconnect layer and enclosing a portion of the
first low k dielectric layer.

[0039] In a specific embodiment, the device has a plurality
of first lines 353 via 1 in a first direction made from a first
portion of the patterned second copper interconnect layer.
The device has a plurality of second lines 354 in a second
direction made from a second portion of the patterned second
copper interconnect layer. The device has a grid structure
from the plurality of first lines and the plurality of second
lines. The device has a bonding pad structure overlying a
portion of the grid structure. The grid structure provides
mechanical support to maintain the predetermined shape of
the first low k dielectric layer. As shown, there can also be
other metal layers formed as one or more lines, which are
stacked in a “log cabin type” configuration to form an effec-
tive thickness between the first metal plate and an upper metal
plate, which will be coupled to a bonding pad structure. Of
course, there can be other variations, modifications, and alter-
natives.

[0040] On semiconductor substrate where the devices are
built and contacts to the gate and active area are made embed-
ding in the dielectric materials, a first inter-metal dielectric
material is deposited. Depending upon the embodiment, the
first dielectric material can include SiN, SiO,, SiO,F , SiC,,
Si0,C,, SiON, or the combination of these, and others,
depending upon the specific embodiment. As further shown
in FIG. 3A, metal layer M1 plate has a plurality of patterns
that are formed underneath a bond pad, which is formed using
a single damascene process. Following M1 deposition and
chemical mechanical polishing (CMP), another dielectric
material is deposited. Via 1 pattern 353 is formed in the
dielectric layer. The rectangular vias 353, 354 are formed
using the same and/or similar processes as vias for intercon-
nects according to a specific embodiment. The M2 355 pat-
tern is formed superimposing via 1 using dual-damascene
processes according to a specific embodiment. The via 1/M2
processes repeats to form multi-layer metal interconnect
structures according to a specific embodiment. That is, via 1
and M2 are formed using dual damascene processes. These
processes are repeated for via 2 and M3, and repeated again
using via 3 and M4 according to a specific embodiment. The
method forms a bond pad on top of the repeating grid struc-
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ture according to a specific embodiment. The bond pad can be
made of a suitable material such as aluminum, copper, alu-
minum alloy, copper alloy, or any combination of these, and
others. In a specific embodiment, the bond pad can also be
re-distributed in a predetermined pattern for flip-chip type
packaging. Of course, there can be other variations, modifi-
cations, and alternatives.

[0041] Certain benefits can be achieved using the present
method and structure . As merely an example, the metal and
via structures are provided underneath the bond pad. Depend-
ing upon the embodiment, an advantage of the present struc-
ture is to have a reduced and/or minimum force exerted on the
inter-layer dielectric to avoid the deformation of the dielectric
films, which are provided between the lower plate and upper
plate that couples to the bonding pad. In a specific embodi-
ment, internal and/or external thermal and/or mechanical
forces provided on the M1 or upper plate include a sand-
wiched structure of metal bar members that are made of a
stronger material and can withstand these force without fail-
ure. Of course, there can be other variations, modifications,
and alternatives.

[0042] FIGS. 4 and 5 are simplified three dimensional dia-
grams of contact structures 400, 500 for semiconductor
devices according to embodiments of the present invention.
These diagrams are merely examples, which should not
unduly limit the scope of the claims herein. One of ordinary
skill in the art would recognize many variations, modifica-
tions, and alternatives. As shown, the diagrams are exploded
views, which include ring structures 401, 501, a plurality of
plug structures 403, 503, a lower plate 405, 505, an upper
plate 407, 507, and a bonding pad structure 409, 509, accord-
ing to a specific embodiment. That is, each of the ring struc-
tures can be combined with the grid structure, which has been
previously described. Of course, there can be other variations,
modifications, and alternatives.

[0043] FIG. 6 is a simplified three dimension diagram of
dummy structures for interconnects according to an embodi-
ment of the present invention. This diagram is merely an
example, which should not unduly limit the scope of the
claims herein. One of ordinary skill in the art would recognize
modifications, alternatives, and variations. As shown, wires at
Mn 603 and Mn+1 601 layers are connected through Vn 605,
which is a via structure At an empty space, via redundant
patterns are inserted. For illustration purpose, four different
types of via redundant patterns 609, 611, 607, 6133 are
shown. As shown, the dummy structures are provided within
a open spatial region between active interconnect structures
according to a specific embodiment. The open spatial region
is also filled with a dielectric material such as low k dielectric
or other suitable layers according to a specific embodiment.
Further details of these dummy structures can be found
throughout the present specification and more particularly
below.

[0044] FIG. 7 illustrates various top-view diagrams of
dummy structures 700 according to embodiments of the
present invention. This diagram is merely an example, which
should not unduly limit the scope of the claims herein. One of
ordinary skill in the art would recognize modifications, alter-
natives, and variations. As shown, the dummy structures can
be any suitable shape and size according to a specific embodi-
ment. As merely an example, the top-view schematic dia-
grams are provided. Depending upon the embodiment, the
dummy pattern can include one or more structures to fillup a
space within a predetermined region of space within the inte-
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grated circuit device. For easy cross-referencing, the follow-

ing reference letters have been provided.

[0045] (a) In a specific embodiment, the dummy structure
includes at least two metal plates on adjacent layers, (Mn
and Mn+1), which are overlying each other, and sand-
wiched together with an array of vias in between them. As
an example, the via and associated spacing between two
via structures can range from about 50 nm to about 500 nm,
but can be other dimensions depending upon the embodi-
ment As shown, the vias are configured to form an array
structure that includes “n” rows and “m” columns, where n
is an integer 1, 2, 3, . . . and m is an integer 1, 2, 3, . . .
Depending upon the embodiment, the metal plates X and Y
range in dimension from about 5 nm to 5 um,. but can be
other dimensions. Of course, there can be other variations,
modifications, and alternatives.

[0046] (b) In an alternative specific embodiment, the
dummy structure includes at least two metal plates on
adjacent layers, (Mn and Mn+1) and single large via sand-
wiched in between the two layers. In a specific embodi-
ment, the via can be shaped as a square, circular, ellipse or
polygon, or any combination of these. In a specific embodi-
ment, the via has a size that can range from 5 nm to 5 um
according to a specific embodiment. The metal plates X
and Y have a dimension that ranges from about 5 nm to
about 5 um according to a specific embodiment Of course,
there can be other variations, modifications, and alterna-
tives.

[0047] (c) In a specific embodiment, the present method
and structure has at least two metal plates on adjacent
layers, (Mn and Mn+1) and orthogonal graded via slots
and/or structures sandwiched in between the layers. In a
specific embodiment, via slots among the slots can have a
dimension that varies in size from about 50 nm to about 5
um. Depending upon the specific embodiment, the via slots
include a count or number in either direction from about 1,
2,3 ... In a specific embodiment, the slots can include a
spacing ranging from about 50 nm to 5 um. The metal
plates X and Y can have a size ranging from 5 nm to 5 um
according to a specific embodiment. Of course, there can
be other variations, modifications, and alternatives.

[0048] (d) In an alternative specific embodiment, the
present method and structure has at least two metal plates
on adjacent layers, (Mn and Mn+1) and an array of vias
sandwich in between the two layers. In a specific embodi-
ment, the vias have a spacing between any two of them that
range from about 50 nm to about 5 um. In a specific
embodiment, the array can be 45 degree rotated with
respect to an edge of the metal layers, which includes “n”
rows and “m” columns, where n=1, 2,3, ... and m=0, 1, 2,
3....Ina specific embodiment, the metal plates X and Y
have a dimension that ranges from about 5 nm to 5 um. Of
course, there can be other variations, modifications, and
alternatives.

[0049] (e) In yet an alternative specific embodiment, the
present method and structure includes at least two metal
plates on adjacent layers, (Mn and Mn+1) and an orthogo-
nal graded via slots that are rotated about 45 degrees with
respect to an edge of either metal plates. In a specific
embodiment, the via slots include a width that ranges in
size from about 50 nm to about 5 um. In a specific embodi-
ment, the slots include a spacing that ranges from about 50
nm to about 5 um. Depending upon the embodiment, the
via slots can include a number in either direction of 1, 2, 3
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... Ina specific embodiment, the metal plates X and Y have
adimension that ranges from 5 nm to 5 um. Of course, there
can be other variations, modifications, and alternatives.

[0050] (f) Inaspecificembodiment, the present method and
structure has at least two sets of crossed metal lines on
adjacent layers, (Mn and Mn+1). Rectangular Vn is par-
allel to Mn+1 and underneath Mn+1 according to a spe-
cific embodiment. The metal lines form an array structure
that includes “n” rows and “m” columns, where n=1, 2, 3
and m=1, 2, 3 . . . according to a specific embodiment.
Metal line and Vn slot width ranges from about 50 nm to
about 5 um according to a specific embodiment. A spacing
among metal lines ranges from about 5 nm to about 5 um
according to a specific embodiment. The length of metal
lines each range from about 100 nm to about 100 um
according to a specific embodiment. Of course, there can
be other variations, modifications, and alternatives.

[0051] (g) In yet an alternative specific embodiment, the
present method and structure has at least two sets of
crossed metal lines on adjacent layers, (Mn and Mn+1) to
form an array structure. As shown, the Vn, which is rect-
angular, is parallel to Mn+1 and underneath the lines rep-
resenting Mn+1 according to a specific embodiment. In a
specific embodiment, the metal line array structure has “n”
rows and “m” columns, where n=1,2,3....,and m=1, 2,
3 ... As shown, the array structure is 45 degree rotated
according to a specific embodiment. In a specific embodi-
ment, the metal lines also include a spacing that ranges
from 5 nm to 5 um. Additionally, each of the metal lines can
have a length that ranges from 100 nm to 100 um according
to a specific embodiment. Of course, there can be other
variations, modifications, and alternatives.

[0052] (h) Still further, the present method and structure
includes at least two sets of orthogonal crossed metal lines
on adjacent metal layers (Mn and Mn+1). As shown, vias
(Vn) are spatially placed at each of the intersections of Mn
and Mn+1 according to a specific embodiment. As shown,
the metal line and width spacing ranges from about 50 nm
to 5 um according to a specific embodiment. The present
via size ranges from about 5 nm to about 5 um according to
a specific embodiment. Each of the lengths of metal lines
ranges from about 100 nm to about 100 um according to a
specific embodiment. Of course, there can be other varia-
tions, modifications, and alternatives.

[0053] (i) Still further, the present method and structure has
two sets of orthogonal crossed metal lines on adjacent
metal layers (Mn and Mn+1). As shown, vias (Vn) are
spatially placed at each of the intersections of Mn and
Mn+1. In a specific embodiment, the structure is 45 degree
rotated in reference to the direction of other metal lines. As
shown, the metal line and width spacing ranges from about
50 nm to about 5 um according to a specific embodiment.
Additionally, the via size range from about 5 nm to about 5
um according to a specific embodiment. Each of the metal
lines has a length that ranges in size from about 100 nm to
about 100 um according to a specific embodiment. Of
course, there can be other variations, modifications, and
alternatives.

[0054] A method for manufacturing a semiconductor

device according to an embodiment of the present invention
may be outlined as follows (see also FIG. 8):

[0055] 1. Start, step 601;
[0056] 2. Provide (step 603) a semiconductor substrate,

e.g., silicon substrate.



US 2008/0142975 Al

[0057] 3. Form (step 605) a gate dielectric structure over-
lying the surface region of the semiconductor substrate;
[0058] 4.Form (step 607)isolation regions within the semi-
conductor substrate;

[0059] 5. Form (step 609) a plurality of gate structures
formed on a portion of the semiconductor substrate;

[0060] 6. Form (step 611) a first interlayer dielectric over-
lying the gate structures;

[0061] 7. Planarize (step 613) the first interlayer dielectric
to form a substantially flat surface region of the first interlayer
dielectric layer;

[0062] 8. Form (step 615) a patterned first copper intercon-
nect layer overlying the first interlayer dielectric layer to form
a first conductive structure and a first dummy structure;
[0063] 9. Form (step 617) a first low K dielectric layer
overlying the first copper interconnect layer;

[0064] 10.Form (step 619) a patterned second copper inter-
connect layer overlying the low K dielectric layer to form a
second conductive structure and a second dummy structure;

[0065] 11.Perform (step 625) other steps, as desired; and
[0066] 12. Stop, step 627.
[0067] The above sequence of steps provides a method

according to an embodiment of the present invention. As
shown, the method uses a combination of steps including a
way of forming a dummy structure (using a dual damascene
process) between first and second interconnect layers to sup-
port the low K dielectric material, which will be underlying a
bonding pad structure. Other alternatives can also be provided
where steps are added, one or more steps are removed, or one
or more steps are provided in a different sequence without
departing from the scope of the claims herein. Additionally,
there may be other layers inserted between each of the metal
layers described according to an embodiment of the present
invention. One of ordinary skill in the art would recognize
many variations, modifications, and alternatives.

[0068] Itis also understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims.

What is claimed is:

1. A semiconductor device comprising:

a semiconductor substrate including a surface region;

a first interlayer dielectric overlying the surface region;

an interconnect layer overlying the first interlayer dielec-

tric layer;

alow K dielectric layer overlying the interconnect layer;

a predetermined shape characterizing the low K dielectric

layer;

a copper interconnect layer overlying the low K dielectric

layer; and

a dummy pattern structure provided within a portion of the

low K dielectric layer to provide mechanical support to
maintain the predetermined shape of the low K dielectric
layer, the predetermined shape being maintained
between the interconnect layer and the copper intercon-
nect layer.

2. The device of claim 1 wherein the dummy pattern struc-
ture comprises a first plate, a plurality of via structures, and a
second plate, the first plate being coupled to the second plate
using the plurality of via structures.
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3. The device of claim 1 wherein the dummy pattern struc-
ture is a portion of the copper interconnect layer, the portion
being free from any electrical connection.

4. The device of claim 1 wherein the dummy pattern struc-
ture comprises a plurality of via structures, the plurality of via
structures being free from any electrical connection.

5. The device of claim 1 wherein the dummy pattern struc-
ture comprises a plurality of conductive segments in a spatial
pattern, the spatial pattern being a checkerboard like pattern
including the plurality of conductive segments.

6. The device of claim 1 wherein the dummy pattern struc-
ture comprises a plurality of first bar structures directed in a
first direction and a plurality of second bar structures overly-
ing the first bar structures to form a grid structure.

7. The device of claim 1 wherein the grid structure includes
aplurality open regions, each of the open regions including a
portion of the low K dielectric material.

8. The device of claim 1 further comprising a second
dielectric layer overlying the copper interconnect structure.

9. The device of claim 1 wherein the predetermined shape
is provided within one or more portions of the dummy pattern
structure.

10. The device of claim 1 further comprising a second low
K dielectric layer overlying the dummy pattern structure and
a second copper interconnect overlying the second low K
dielectric layer.

11. A method for fabricating a semiconductor device, the
method comprising:

providing a semiconductor substrate including a surface

region;

forming a first interlayer dielectric overlying the surface

region;

forming an interconnect layer overlying the first interlayer

dielectric layer;

forming a low K dielectric layer overlying the interconnect

layer, the low K dielectric layer having a predetermined
shape;

forming a copper interconnect layer overlying the low K

dielectric layer; and

whereupon the low K dielectric layer maintains the prede-

termined shape using a dummy pattern structure pro-
vided within a portion of the low K dielectric layer to
mechanically support and maintain the predetermined
shape of the low K dielectric layer between the intercon-
nect layer and the copper interconnect layer.

12. The method of claim 11 wherein the dummy pattern
structure comprises a first plate, a plurality of via structures,
and a second plate, the first plate being coupled to the second
plate using the plurality of via structures.

13. The method of claim 11 wherein the dummy pattern
structure is a portion of the copper interconnect layer, the
portion being free from any electrical connection.

14. The method of claim 11 wherein the dummy pattern
structure comprises a plurality of via structures, the plurality
of via structures being free from any electrical connection.

15. The method of claim 11 wherein the dummy pattern
structure comprises a plurality of conductive segments in a
spatial pattern, the spatial pattern being a checkerboard like
pattern including the plurality of conductive segments.

16. The method of claim 11 wherein the dummy pattern
structure comprises a plurality of first bar structures directed
in a first direction and a plurality of second bar structures
overlying the first bar structures to form a grid structure.
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17. The method of claim 11 wherein the grid structure
includes a plurality open regions, each of the open regions
including a portion of the low K dielectric material.

18. The method of claim 11 further comprising a second
dielectric layer overlying the copper interconnect structure.

19. The method of claim 11 wherein the predetermined
shape is provided within one or more portions of the dummy
pattern structure.
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20. The method of claim 11 further comprising a second
low K dielectric layer overlying the dummy pattern structure
and a second copper interconnect overlying the second low K
dielectric layer.

21. The method of claim 11 wherein the dummy pattern
structure comprises a ring structure, the ring structure sealing
a portion of the low K dielectric material.

sk sk sk sk sk





