US 20050233564A1

a2 Patent Application Publication o) Pub. No.: US 2005/0233564 Al

a9 United States

Kitada et al.

43) Pub. Date: Oct. 20, 2005

(549) SEMICONDUCTOR DEVICE AND METHOD
FOR FABRICATING THE SAME

(75) Inventors: Hideki Kitada, Kawasaki (JP);
Noriyoshi Shimizu, Kawasaki (JP)

Correspondence Address:

WESTERMAN, HATTORI, DANIELS &

ADRIAN, LLP

1250 CONNECTICUT AVENUE, NW

SUITE 700

WASHINGTON, DC 20036 (US)
(73) Assignee: FUJITSU LIMITED, Kawasaki (JP)
(21) Appl. No.: 10/921,191
(22) Filed: Aug. 19, 2004
(30) Foreign Application Priority Data

Apr. 16, 2004 (IP) e 2004-121428

NARROW
REGION

MIDDLE-WIDTH
INTERCONNECTION INTERCONNECTION

Publication Classification

(1) Int.CL7 oo HOLL 21/44; HOIL 21/4763
(52) US.CL oo 438/597; 438/687
(7) ABSTRACT

The semiconductor device comprises a copper interconnec-
tion 26b buried in an insulating film 16, and a dummy
pattern for chemical mechanical polishing buried in the
insulating film 16 near the copper interconnection 26b. The
unit patterns 26¢ of the dummy pattern are formed in the
density of 10-25%. Even in the case that the electrolytic
plating solution for bottom up growth mechanism is used,
the step on the surface of a copper film due to over-plating
can be decreased, and the total plating thickness necessary
to fill the interconnection trenches can be decreased.
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FIG. 4
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FIG. 7
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FIG. 8
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FIG. 12A

102

~ 106
104

AY

~—100

7

LLLLL

FIG. 12B

102

\@‘\\\3\

7

FIG. 12C

102

NN
»

AL ANN "{s’i&\is‘.\\a
N\

108
104

\\\\n((\'

A

~100

SANNNN

\\\\\\\\\\\\\\\\\

Y
NN

Ex.1016 / Page 13 of 19
TSMC



US 2005/0233564 Al

SEMICONDUCTOR DEVICE AND METHOD FOR
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2004-121428, filed on Apr. 16, 2004, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a semiconductor
device and a method for fabricating the same, more specifi-
cally a semiconductor device including copper interconnec-
tions formed by damascene process and a method for
fabricating the semiconductor device.

[0003] Recently, as an interconnection material of semi-
conductor devices, copper, which has low resistivity and
high electromigration resistance, is noted. Conventionally,
interconnections of the semiconductor devices have been
formed by depositing interconnection materials and then
patterning by photolithography and dry etching. However, it
is difficult to dry etch copper, which generates no volatile
products. Then, in forming copper interconnections, the
so-called damascene process, in which trenches and/or holes
are patterned in insulating films, and then interconnection
materials are buried in the trenches and holes, is used.

[0004] As a method for burying copper in trench patterns
and hole patterns, CVD method, sputtering and reflow
method, electrolytic plating method, etc. are considered
prospective. Among them, electrolytic plating method,
which has low costs and high through-puts and has good
characteristics of filling the trenches and holes, is recently
dominant.

[0005] As the electrolytic plating method, because of the
recent higher integration of LSIs, a new burying method
using a growth mechanism called bottom up growth is
proposed (refer to Reference 1 (M. Georgiadou, et al.,
“Simulation of Shaped Evolution during Electrodeposition
of Copper in the Presence of Additive”, J. Electrochem.
Soc., Vol. 148, pp. C54-C58, 2001) and Reference 2 (S.
Soukane, et al., “Feature Superfilling in Copper Electro-
chemical Deposition”, J. Electrochem. Soc., Vol. 149, pp.
C74-C81, 2002)). The bottom up growth has a characteristic
that the film grows preferentially on the bottom surfaces of
trenches and holes, although in the conventional conformal
growth, the film uniformly grows at the side walls and the
bottom surfaces of the trenches and holes. Accordingly, the
bottom up growth has lower probability of voids and seams
remaining in trenches and holes than the conformal growth,
and can fill the trenches and holes of higher aspect ratios.

SUMMARY OF THE INVENTION

[0006] When copper is grown by the bottom up growth
mechanism, the phenomena that the grown copper film rises
over trenches and hole patterns due to the higher growth rate
in the trenches and holes and becomes thicker than in the flat
part (over-plating phenomena) takes place (FIG. 12C). The
over-plating phenomena is conspicuous especially in narrow
trench patterns and hole patterns, and in wider trench
patterns and hole patterns, the filling rate becomes low.
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Accordingly, in order to completely fill the wide trench
patterns and hole patterns, the total deposition film thickness
must be increased.

[0007] The step between a narrow trench/hole pattern
region and a wide trench/hole pattern region becomes large,
which makes the polish impossible. That is, when the
polishing amount is set for a thickest film thickness, the film
in the small film thickness region, such as the wide trench
and hole pattern region, is excessively polished, and dishing
often takes place.

[0008] According to one aspect of the present invention,
there is provided a method for fabricating a semiconductor
device comprising the steps of: forming in an insulating film
an interconnection trench for burying an interconnection,
and a plurality of trenches for burying a dummy pattern for
chemical mechanical polishing arranged near the intercon-
nection trench; forming by electrolytic plating a copper film
over the insulating film with the interconnection trench and
the plurality of trenches formed in; and removing the copper
film on the insulating film by chemical mechanical polishing
to form a copper interconnection buried in the interconnec-
tion trench, and the dummy pattern buried in the plurality of
trenches, in the step of forming the interconnection trench
and the plurality of trenches, the plurality of trenches being
formed in a density of 10-25%.

[0009] According to another aspect of the present inven-
tion, there is provided a semiconductor device comprising:
a copper interconnection buried in an insulating film, and a
dummy pattern for chemical mechanical polishing buried in
the insulating film near the copper interconnection, in which
unit patterns forming the dummy pattern are formed in a
density of 10-25%.

[0010] According to the present invention, the size and the
density of dummy patterns for CMP are suitably controlled,
whereby even a copper film is formed by bottom up growth
mechanism, steps on the surface of the copper film can be
decreased. The total plating film thickness necessary to fill
trenches and holes can be thin. Thus, the throughput of
semiconductor device fabrication can be improved, and the
fabrication cost can be decreased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1A is a plan view of the semiconductor device
according to one embodiment of the present invention,
which illustrates a structure thereof.

[0012] FIG. 1B is a diagrammatic sectional view of the
semiconductor device according to the embodiment of the
present invention, which illustrates the structure thereof.

[0013] FIGS. 2A-2D are views explaining the burying
mechanism of the bottom up growth.

[0014] FIG. 3 is a graph of relationships between steps on
the surface of the Cu film and interconnection widths.

[0015] FIG. 4 is a graph of relationships between the
over-plating amount, and the size and the density of the
dummy patterns.

[0016] FIG. 5 is a graph of relationships between the
over-plating amount, and the density of the dummy patterns.

[0017] FIG. 6 is a graph of the dependency of the step on
the wide interconnection region and film thickness increase
in the dummy regions on the size of the dummy patterns.
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[0018] FIG. 7 is a graph of relationships between the steps
on the wide interconnection region and the plating thickness.

[0019] FIG. 8 is a graph of relationships between the step
on the wide interconnection region and the plating thickness.

[0020] FIG. 9 is a graph of one example of relationships
between nodes and the total plating thickness.

[0021] FIGS. 10A-10D and 11A-11C are sectional views
of the semiconductor device according to the embodiment of
the present invention in the steps of the method for fabri-
cating the semiconductor device, which illustrate the
method.

[0022] FIGS. 12A-12C are views explaining the burying
mechanism of the bottom up growth.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The detailed growth mechanism of the bottom up
growth is not clear, but factors for generating the high
growth selectivity depending on the location will be addi-
tives contained in the electrolytic plating solution and their
compositions. The typical additives are a brightener and an
inhibitor. The former has the effects of lowering the polar-
ization at the cathode surface to enhance growth of new
crystal nuclei and also increasing the deposition rates. The
latter has the effects of enhancing the polarization at the
cathode surface to suppress the growth.

[0024] Then, the growth mechanism of the bottom up
growth will be explained with reference to FIGS. 12A-12C.

[0025] As illustrated in FIG. 12A, a substrate having a
barrier metal 104 and a seed layer 16 formed on an insu-
lating film 100 with a trench 102 formed in is immersed in
an electrolytic plating solution to expose the surface of the
seed layer 106 to the brightener (indicated by “x” in FIGS.
12A-12C) and the inhibitor (indicated by “o” in FIGS.
12A-12C) which are additives of the electrolytic plating
solution.

[0026] At this time, the brightener intrudes into the trench
102, but the inhibitor cannot intrude into the small trench
102 because of their large molecular size and the properties.
Resultantly, the brightener dominantly acts in the trench
102. As described above, the brightener has the effect of
enhancing the deposition. The deposition inside the trench
102 is improved, and the growth of the copper film 108 starts
at the bottom of the trench 102 preferentially to the flat
region (FIG. 12B).

[0027] The probability of voids and seams remaining
inside the trench 102 is thus decreased, and the trench 102
of higher aspect ratio can be filled.

[0028] The semiconductor device and the method for
fabricating the same according to one embodiment of the
present invention will be explained with reference to FIGS.
1A to 11C.

[0029] FIG. 1A is a plan view of the semiconductor
device according to one embodiment of the present inven-
tion, which illustrates a structure therecof. FIG. 1B is a
diagrammatic sectional view of the semiconductor device
according to the embodiment of the present invention, which
illustrates the structure thereof. FIGS. 2A-2D are views
explaining the burying mechanism of the bottom up growth.
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FIG. 3 is a graph of relationships between steps on the Cu
film surface and interconnection widths. FIG. 4 is a graph of
relationships between over-plating amounts, and sizes and
densities of dummy patterns. FIG. 5§ is a graph of the
relationships between over-plating amounts and dummy
pattern densities. FIG. 6 is a graph of the dependency of
dummy pattern sizes on steps of wide interconnection region
and film thickness increases of dummy regions. FIGS. 7
and 8 are graphs of the relationships between the steps on
the wide interconnection region and plating thicknesses.
FIG. 9 is a graph of one example of relationships between
nodes and total plating thicknesses. FIGS. 10 and 11 are
sectional views of the semiconductor device according to the
embodiment in the steps of the method for fabricating the
same.

[0030] First, the structure of the semiconductor device
according to the present embodiment will be explained with
reference to FIGS. 1A and 1B.

[0031] An insulating film 16 is formed on a substrate 10.
In this specification, the substrate means a semiconductor
substrate itself but also the semiconductor substrate having
elements, such as transistors, etc. and interconnection layers
formed thereon.

[0032] A wide interconnection 26b is buried in an insu-
lating film 16, and dummy patterns 26¢ are buried in the
insulating film 16 near the wide interconnection 26b.

[0033] In this specification, the wide interconnection
means an interconnection or an electrode whose width does
not permit the preferential growth in trenches and holes
when an electrolytic plating solution which causes the
bottom up growth is used. In the electrolytic plating solution
used by the inventors of the present application, for
example, an interconnection having a width of not less than
1.0 um is included in the wide interconnection. Such inter-
connections include the usual interconnections used in cir-
cuits of semiconductor devices, inductor, pads, guard rings,
ete.

[0034] The dummy patterns are dummy patterns for
Chemical Mechanical Polishing (CMP) and are arranged to
improve the intra-pane uniformity of a pattern density in the
CMP process for forming an interconnection layer by dama-
scene process so as to decrease the intra-plane disuniformity
of the polishing amount, e.g., dishing due to over polishing
of copper, erosion due to over polishing of the insulating
film, etc.

[0035] The semiconductor device according to the present
embodiment is characterized mainly in that the width of the
dummy patterns 26¢ near the wide interconnection 26b is
not more than 80% or not less than 170% of a peak value of
the over plating, in other words, not more than 80% or not
less than 170% of a minimum interconnection width, and the
density of the dummy patterns 26¢ is in the range of 10-25%.
The size and the density of the dummy patterns 26¢ are thus
set, whereby the steps on the region for the wide intercon-
nection 26) formed in can be much decreased.

[0036] Next, the reason for thus setting the size and the
density of the dummy patterns will be explained.

[0037] Here is used a case that, as illustrated in FIG. 2A,
a copper (Cu) film is grown by electrolytic plating on an
insulating film 30 with interconnection trenches 32 for
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narrow interconnections, interconnection trenches 34 for
intermediate width interconnections, and interconnection
trenches 36 for wide interconnections formed in.

[0038] With an electrolytic plating solution which causes
the bottom up growth, the copper (Cu) film is grown first
preferentially on the bottom surfaces of the interconnection
trenches 32 for the narrow interconnections. This is because,
as illustrated in FIG. 12A, the inhibitor contained in the
electrolytic plating solution cannot intrude into the intercon-
nection trenches 32, but the brightener contained in the
electrolytic plating solution can intrude into the intercon-
nection trenches 32, whereby the copper atoms 40 are
supplied preferentially to the bottoms of the interconnection
trenches 32, and the preferential growth takes place there
(FIG. 2B). On the other hand, the inhibitor can intrude into
the interconnection trenches 34 and the interconnection
trenches 36, and the inhibitor and the brightener cancel the
mutual effects, resultantly causing substantially the confor-
mal growth. This tendency takes place irrespective of gen-
erations of semiconductor devices, because usually, species
and components of the additives are adjusted for every
generation of semiconductor devices so that good small
pattern burying characteristics can be obtained.

[0039] When the interconnection trenches 32 for the nar-
row interconnections are buried, copper atoms 40, which
have been supplied to the narrow interconnection region, are
partially supplied to the middle width interconnection
region, and the growth of the Cu film 38 in these regions is
enhanced. In the narrow interconnection region, the formed
Cu film 38 is risen over the interconnection trenches 32
(over-plating) by the higher growth rate at the parts of the
interconnection trenches 32 and is thicker than in the middle
width interconnection region and the wide interconnection
region (FIG. 2C).

[0040] When the interconnection trenches 34 for the
middle width interconnections are buried, copper atoms 40,
which have been supplied to the middle width interconnec-
tion region, are partially supplied to the wide interconnec-
tion region. Then, the Cu film 38 is grown in conformal and
the interconnection trenches 36 for the wide interconnection
are buried. In the middle width interconnection region, the
formed Cu film 38 is risen over the interconnection trenches
34 by the higher growth rate at the parts of the intercon-
nection trenches 34 and is thicker than in the wide inter-
connection region (FIG. 2D).

[0041] The electrolytic plating using an electrolytic plat-
ing solution causing the bottom up growth, which has the
above-described growth manner, makes the film thickness of
the deposited Cu film larger in the narrower trench regions
and higher density regions. Accordingly, the steps on the Cu
film surface formed by the over-plating are larger as the
interconnection width is smaller, and the interconnection
density is higher.

[0042] As described above, in the bottom up growth
mechanism, the copper goes on growing from the narrow
patterns to the wide patterns, and the steps on the wide
interconnection region is closely related with the copper
volume percentage of the adjacent patterns which are easily
preferentially grown. That is, the supply of the copper to the
wide interconnection region is decreased by a copper supply
required for the growth in the adjacent narrow interconnec-
tion region and the middle width interconnection region.
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[0043] Then, in the present invention, the size and the
density of patterns provided near the wide interconnection
region, patterns other than those of the major interconnec-
tions, which are less influential to the major functions of the
semiconductor device and the design rules, more specifi-
cally, dummy patterns for CMP are changed to thereby make
the copper volume in the dummy regions smaller so as to use
the copper volume in growing the wide interconnections.
Conventionally, although the interconnection rules are
changed, the rules of the dummy patterns are never changed.

[0044] FIG. 4 is a graph of relationships between the
over-plating amount, and the size and the density of the
dummy patterns. In this measurement, the unit pattern
forming the dummy patterns was square. For the electrolytic
plating, a jet plating system was used, and a copper sulfate
bath was used. The additives of the electrolytic plating
solution were an inhibitor, a brightener and a smoother. As
a DC electrolytic plating condition, the current steps were
sequentially changed for the growth in the range of a 10-60
mA/cm? range.

[0045] As shown in the graph, the over-plating amount is
larger as the density of the dummy patterns is higher, and is
maximum when the size of the dummy pattern is about 0.15
um. The over-plating amount is much dependent on the size
of the dummy patterns, and the size of the dummy patterns
is set to be a value which is not more than 80% or not less
than 170% of a width at which the over-plating has a peak
value, whereby the value of the over-plating amount can be
decreased to a half the peak value, or less. This tendency was
substantially the same even when the electrolytic plating
condition was changed.

[0046] A width at which the over-plating amount has a
peak value varies depending on compositions, etc. of the
electrolytic plating solution. Usually, the electrolytic plating
solution has the additive species and components adjusted
for every generation of semiconductor devices so that the
small pattern filling characteristics are good. Accordingly, a
width at which the over-plating amount has a peak value will
be usually approximate to a minimum interconnection
width. Accordingly, a width at which the over-plating
amount has a peak value can be a minimum interconnection
width.

[0047] Based on the above, it will be desirable to set the
width of the dummy patterns at a width which is not more
than 80% or not less than 170% of a width at which the
over-plating amount has a peak value. A minimum value of
the size of the dummy patterns is a minimum processing
dimension which can be patterned by the lithography of the
generation. A maximum value of the size of the dummy
patterns can be set, based on the dummy patterns’ intrinsic
function of preventing the dishing and erosion.

[0048] FIG. 5 is a graph of relationships between the
over-plating amount and the density of the dummy patterns.
In the graph, the ¢ marks indicate the case that the size of
the dummy patterns is 1.0x1.0 um; the [J marks indicate the
case that the size of the dummy patterns is 0.6x0.6 um; the
A marks indicate the case that the size of the dummy patterns
is 0.55%0.55 pum; and the o marks indicate the case that the
size of the dummy patterns is 0.5x0.5 um.

[0049] As seen in the graph, the over-plating amount is
larger as the density of the dummy patterns is higher
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irrespective of the size of the dummy patterns. Based on the
result seen in FIG. § and the plan-view observation, etc.
made by the inventors of the present application, it has been
found that in the region where the density of the dummy
patterns is not more than 25%, the over-plating is decided by
the over-plating amount in the discrete dummy patterns, but
in the region where the density of the dummy patterns is
more than 25%, the over-plating of adjacent dummy patterns
are jointed with each other to thereby increase the over-
plating amount.

[0050] On the other hand, when the density of the dummy
patterns is less than 10%, the dummy patterns’ function of
preventing the dishing and erosion cannot be easily attained.

[0051] Based on the above, it will be desirable that the
density of the dummy patterns is set at not less than 10% and
not more than 25%.

[0052] FIG. 6 is a graph of the dependency of the steps on
the wide interconnection region and the film thickness
increases (over-plating) in the dummy region on the sizes of
the dummy patterns. In this measurement, the density of the
dummy pattern is fixed at 20%.

[0053] As scen in the graph, the size of the dummy
patterns at which the steps of the wide interconnection
region are maximum, and the size of the dummy patterns at
which the over-plating amount in the dummy regions is
maximum substantially agree with each other. This means
that the over-plating in the dummy regions are closely
related with the steps on the wide interconnection region.
Accordingly, it can be seen that in order to decrease the steps
on the wide interconnection region, it is effective to control
the density and the size of the dummy patterns to thereby
decrease the over-plating in the dummy regions.

[0054] 1t has the effect of decreasing the total plating
thickness that the size and the density of the dummy patterns
are set as described above to thereby decrease the over-
plating. This will be explained below.

[0055] FIGS. 7 and 8 are graphs of relationships between
the steps of the wide interconnection region and the plating
thickness. In the measurement for FIGS. 7 and 8, the wide
interconnections had a 200 nm-thick and a 3 um-width. The
dummy patterns had a 0.6x0.6 um size and a 40% density,
which are conventional conditions.

[0056] As illustrated in FIG. 7, at the early stage of the
growth, copper atoms are supplied preferentially to fill the
dummy regions, and accordingly the steps of the wide
interconnection region go on increasing as the plating thick-
ness is increased. When the film thickness is large, the filling
the dummy regions is completed, and copper atoms, which
have been supplied to the dummy regions, are supplied
preferentially to the wide interconnection region. Coupled
with the effect of the smoother in the electrolytic plating
solution, this reduces the steps on the wide interconnection
region.

[0057] As seen in FIG. 7, in order to prevent the steps
after the electrolytic plating of Cu film, it is effective to make
the film thickness of the Cu film large. However, when the
plating film is made thick, in the damascene method the
sacrificial film to be removed by polishing is also thick.
Resultantly, the increase of the plating thickness and the
increase of the film thickness to be removed by the CMP
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cause the fabrication cost increase and material cost
increase, and low throughputs.

[0058] FIG. 8 shows the case that dummy patterns of a
0.6x0.6 um size are arranged in the density of 40% (Con-
trol), the case that dummy patterns of a 0.6x0.6 ym size are
arranged in the density of 20% (Example 1), and the case
that dummy patterns of a 0.8x0.8 um size are arranged in a
density of 20% (Example 2). The dotted line indicates the
ability of the CMP conditions the inventors of the present
application have used in the examination. That is, it means
that in order to flatten the surface of the Cu film without
dishing, the relationship between the surface steps and a
total plating thickness must be positioned in the region lower
right of the dotted line. This condition is for the polishing
rate of the flat portions being about 1.6 times the polishing
rate of the steps.

[0059] In the Control, the total film thickness at the
intersection between the curve and the dotted line is about
770 nm. Accordingly, to flatten the Cu film under the CMP
condition indicated by the dotted line it is necessary to set
the total film thickness at not less than 770 nm. In terms of
the trench depth, to flatten the Cu film under the CMP
conditions indicated by the dotted line, the total plating
thickness which is larger by more than about 2.5 times the
trench depth is necessary.

[0060] In Example 1, however, the total plating thickness
at the intersection between the curve and the dotted line is
about 630 nm. Accordingly, the plating thickness necessary
to flatten the Cu film under the CMP condition indicated by
the dotted line is about 630 nm, and the total plating
thickness can be decreased by about 20% of the total plating
thickness of the Control. This thickness corresponds to about
2.1 times the trench depth.

[0061] In Example 2, the total plating thickness at the
intersection between the curve and the dotted line is about
550 nm. The total plating thickness necessary to flatten the
Cu film under the CMP composition indicated by the dotted
line is about 550 nm, and the total plating thickness can be
decreased by about 40% of the total plating thickness of the
Control. This thickness corresponds to about 1.8 times the
trench depth.

[0062] As a standard for evaluating a step decrease by the
plating, an initial step, i.e., a trench depth can be used. Under
the CMP condition indicated by the dotted line in FIG. 8, the
total plating thickness allowing for an initial step is about
690 nm and is about 2.3 times the initial step. In Examples
1 and 2, however, it can be seen that the total plating
thickness smaller than 690 nm can realize steps smaller than
the initial step and is effective to decrease the steps.

[0063] FIG. 9 is a graph of one example of the relation-
ships between the nodes of the semiconductor devices and
the total plating thickness.

[0064] As shown in FIG. 9, the depth of the trenches is
decreased with the generations of the semiconductor
devices. This is because the film thickness of the inter-layer
insulating film is decreased while the nodes are decreased.

[0065] In the conventional structure, in the generation
wherein the nodes are below about 130 nm, the trench depth
is decreased, but the total plating thickness is not substan-
tially changed. This is because while the burying efficiency
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is improved as devices are more downsized, the steps due to
the over-plating is larger, which the substantial total plating
thickness cannot be decreased for the prevention of the
steps.

[0066] In the present invention, however, the size and the
density of the dummy patterns are suitably set in accordance
with an interconnection pattern size, which permits the total
plating thickness to be thinned with the generations.

[0067] Next, the method for fabricating the semiconductor
device according to the present embodiment will be
explained with reference to FIGS. 10A-10D and 11A-11C.
In the following embodiment, fabrication conditions corre-
sponding to Example 1 shown in FIG. 8 will be used.

[0068] An inter-layer insulating film 12 of a silicon oxide
film 12¢ and a silicon nitride film 12b is formed on the
substrate 10. Narrow interconnections 14a and a wide inter-
connection 14b are buried in the inter-layer insulating film
12.

[0069] On the inter-layer insulating film 12, a silicon oxide
film 164 of, e.g., a 200 nm-thick, a silicon nitride film 165
of, e.g., a 50 nm-thick and a silicon oxide film 16c¢ of, e.g.,
a 300 nm-thick are deposited by, e.g., CVD method to form
an inter-layer insulating film 16 of these films (FIG. 10A).

[0070] Then, interconnection trenches 18a for burying
interconnections to be electrically connected to narrow
interconnections 144, interconnection trenches 18b for bury-
ing interconnections to be electrically connected to the wide
interconnections 14b, and trenches 16¢ for burying dummy
patterns are formed in the inter-layer insulating film 16a in
the same way as in the usual dual damascene process (FIG.
10B). At this time, the width of the interconnection trenches
18a is, e.g., 0.15 um, the width of the interconnection
trenches 18b is, e.g., 3.0 um, the size of the trenches 18c¢ is,
e.g., 0.6x0.6 um, and the density of the trenches 18c is 20%.

[0071] Then, a barrier metal 20 of, e.g., tantalumnitride
(TaN), and a seed layer 22 of copper (Cu) are formed by,
e.g., sputtering method (FIG. 10C).

[0072] Next, a Cu film 24 is formed by electrolytic plating
using an electrolytic plating solution causing the bottom up
growth mechanism with the seed layer 22 as the seed.

[0073] The growth of the Cu film 24 first goes on prefer-
entially at the bottom surfaces of the interconnection
trenches 18a for the narrow interconnections. This is
because the inhibitor contained in the electrolytic plating
solution cannot intrude into the interconnection trenches
184, but the brightener contained in the electrolytic plating
solution can intrude into the interconnection trenches 18a,
whereby the growth takes place preferentially in the inter-
connection trenches 18a. On the other hand, the inhibitor
can intrude into the interconnection trenches 18a and the
trenches 18¢ and cancels the effect of the brightener. Result-
antly, the growth which is approximate to the conformal
growth is made.

[0074] When the interconnection trenches 18a are filled
(FIG. 10D), copper atoms which have been supplied to the
narrow interconnection region are partially supplied to the
dummy region, and the growth of the Cu film 24 in the
dummy region is enhanced. In the narrow interconnection
region, the higher growth rate in the interconnection
trenches 18a causes the Cu film 24 to be grown, rising over
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the interconnection trenches 18a, and the Cu film 24 is
thicker than in the dummy region and the wide intercon-
nection region.

[0075] When the trenches 18¢ are buried (FIG. 11A),
copper atoms which have been supplied to the dummy
region are partially supplied to the Cu film 24 in the wide
interconnection region. In the dummy region, the higher
growth rate in the trenches 18¢ causes the Cu film 24 to be
grown, rising over the trenches 184, and the Cu film 24 is
thicker than in the wide interconnection region (FIG. 11B).

[0076] Thus, the Cu film 24 of, e.g., a 630 nm-total plating
thickness is formed. At this time, the size of the trenches 18¢
for the dummy patterns is, e.g., 0.6x0.6 um, and the density
of the dummy patterns is, e.g., 20%, whereby the step
between the wide interconnection region and the dummy
region is decreased to, e.g. 280 nm. The Cu film 24 neces-
sary to fill the interconnection trenches 18a, 18b and the
trenches 18c can be as thin as 630 nm.

[0077] Then, the copper film 24c¢ and the barrier metal 22
on the inter-layer insulating film 16 are removed by CMP
method, and the narrow interconnections 26« buried in the
interconnection trenches 184, the wide interconnection 26b
buried in the interconnection trench 186 and the dummy
patterns 26¢ buried in the trenches 18c¢ are formed (FIG.
11C).

[0078] At this time, the step between the wide intercon-
nection region and the dummy region is as low as, e.g., 280
nm, whereby the narrow interconnections 26a, the wide
interconnection 26b and the dummy patterns 26¢ can be
easily formed while the dishing of the wide interconnections
26b can be suppressed.

[0079] As described above, according to the present
embodiment, the size and the density of the dummy patterns
for CMP are suitably controlled, whereby even when the
copper film is grown by bottom up growth mechanism, the
steps on the surface of the copper film can be decreased. The
total plating thickness necessary to fill the trenches and holes
can be thin. Accordingly, the throughput of semiconductor
device fabrication can be increased, and the fabrication cost
can be decreased.

[Modified Embodiments]

[0080] The present invention is not limited to the above-
described embodiment and can cover other various modifi-
cations.

[0081] For example, in the above-described embodiment,
the size and the density of the dummy patterns are controlled
to decrease the step on the wide interconnection region.
However, it is not necessary that the size and the density of
all the dummy patterns present on a wafer are uniformly
controlled. The dummy patterns which are much influential
to the growth of the wide interconnections are those present
within not more than 20 um from the wide interconnections.
Accordingly, the dummy patterns in the region within not
more than about 20 um from the wide interconnections may
be controlled as in the above-described embodiment, and the
dummy patterns in the rest region may have different sizes
and densities.

[0082] In the above-described embodiment, the intercon-
nections are formed by dual damascene process, but the
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present invention is applicable to forming interconnections
by single damascene process.

What is claimed is:
1. A method for fabricating a semiconductor device com-
prising the steps of:

forming in an insulating film an interconnection trench for
burying an interconnection, and a plurality of trenches
for burying a dummy pattern for chemical mechanical
polishing arranged near the interconnection trench;

forming by electrolytic plating a copper film over the
insulating film with the interconnection trench and the
plurality of trenches formed in; and

removing the copper film on the insulating film by chemi-
cal mechanical polishing to form a copper interconnec-
tion buried in the interconnection trench, and the
dummy pattern buried in the plurality of trenches,

in the step of forming the interconnection trench and the
plurality of trenches, the plurality of trenches being
formed in a density of 10-25%.
2. A method for fabricating a semiconductor device
according to claim 1, wherein

in the step of forming the interconnection trench and the

plurality of trenches, the plurality of trenches are

formed in a width of not more than 80% or not less than

170% of a width at which an over-plating amount is

maximum with an electrolytic plating solution used in
forming the copper film.

3. A method for fabricating a semiconductor device
according to claim 1, wherein

in the step of forming the interconnection trench and the
plurality of trenches, the plurality of trenches are
formed in a width of not more than 80% or not less than
170% of a width of a minimum-width copper intercon-
nection concurrently formed with the copper intercon-
nection.

4. A method for fabricating a semiconductor device

according to claim 1, wherein

in the step of forming the copper film, the copper film is
formed in a film thickness of not more than 2.5 times
a depth of the interconnection trench.
5. A method for fabricating a semiconductor device
according to claim 1, wherein
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a step formed on a surface of the copper film immediately
after the copper film has been formed is smaller than a
depth of the interconnection trench.

6. A method for fabricating a semiconductor device

according to claim 1, wherein

the plurality of trenches are formed in a region within 20
um from the copper interconnection.
7. A method for fabricating a semiconductor device
according to claim 1, wherein

the copper interconnection has a width of not less than 1
um.
8. A method for fabricating a semiconductor device
according to claim 1, wherein

an electrolytic plating solution used in forming the copper

film contains a brightener and an inhibitor.

9. A semiconductor device comprising: a copper inter-
connection buried in an insulating film, and a dummy pattern
for chemical mechanical polishing buried in the insulating
film near the copper interconnection, in which

unit patterns forming the dummy pattern are formed in a
density of 10-25%.
10. A semiconductor device according to claim 9, wherein

the copper interconnection and the dummy pattern are
formed by electrolytic plating,

the unit patterns have a width which is not more than 80%
or not less than 170% of a width at which an over-
plating amount is maximum with an electrolytic plating
solution used in forming the copper interconnection
and the dummy pattern.

11. A semiconductor device according to claim 9, wherein

the unit patterns forming the dummy pattern have a width
which is not more than 80% or not less than 170% of
a width of a minimum-width copper interconnection
buried in the insulating film.

12. A semiconductor device according to claim 9, wherein

the dummy pattern is formed in a region within 20 um
from the copper interconnection.
13. A semiconductor device according to claim 9, wherein

the copper interconnection has a width of not less than 1
um.
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