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FIG. 2F
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FIG. 2H
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METAL LINE OF SEMICONDUCTOR
DEVICE AND METHOD OF FORMING THE
SAME

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Korean
patent application number 10-2007-64505, filed on Jun. 28,
2007, which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a metal line of a
semiconductor device and a method of forming the same and,
more particularly, to a metal line of a semiconductor device
and a method of forming the same, in which the resistance of
the metal line can be reduced.

[0003] In general, a semiconductor device includes a plu-
rality of transistors. The transistors have gates connected to a
metal line and are operated according to voltage applied
thereto. The metal line, which has a direct influence on the
operation of the device, requires a very low resistivity to
transfer the voltage within a short period of time. However, in
recent years, the level of integration of semiconductor devices
continuously increases. As the level of integration increases,
the width of the metal line decreases.

[0004] Ifthe width of the metal line decreases, an area (the
cross section of the metal line) through which current can pass
also decreases. Thus, even if the same voltage is applied, the
resistivity of the metal line increases. If the resistivity of the
metal line is increased, a friction force applied to electrons in
the metal line also increases, resulting in heating of the metal
line.

[0005] If the resistivity of the metal line increases, the
transfer time of current is delayed and heat is generated in the
metal line. Consequently, the increased metal line resistivity
may shorten the lifespan of the semiconductor device.

BRIEF SUMMARY OF THE INVENTION

[0006] The presentinvention is directed toward a metal line
of'a semiconductor device and a method of forming the same.
The metal line includes a first metal layer, a second metal
layer, and a third metal layer. The content of the second metal
layer having a resistivity lower than that of the first and third
metal layers is greater than the content of the first and third
metal layers, thereby reducing resistivity of the metal line.
[0007] Furthermore, the present invention is directed
toward the prevention of the occurrence of an abnormal inter-
face by protecting the circumference of the second metal
layer with the first and third metal layers, and improving
electrical characteristics of the metal line by reducing damage
caused by a polishing process.

[0008] Inoneembodiment, ametal line of a semiconductor
device includes an insulating layer in which damascene pat-
terns have been formed, a first metal layer formed on side-
walls and bottom surfaces of the damascene patterns, a sec-
ond metal layer formed on the first metal layer within the
damascene patterns and having a lower resistance than the
first metal layer, and a third metal layer formed on the second
metal layer.

[0009] A barrier layer is formed between the damascene
patterns and the first metal layer. The barrier layer is formed
of titanium (T1). The second metal layer is formed of alumi-
num (Al).
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[0010] The first metal layer is formed from material that
does not react to the barrier layer or the second metal layer.
The first metal layer and the third metal layer are formed of
tungsten (W).

[0011] In another embodiment, a method of forming a
metal line of a semiconductor device includes forming an
insulating layer on a semiconductor substrate. Damascene
patterns are formed in the insulating layer. A first metal layer
is formed on sidewalls and at bottoms of the damascene
patterns. A second metal layer with a low resistance is depos-
ited on the first metal layer within the damascene patterns. A
third metal layer is formed on the first metal layer, the second
metal layer, and the insulating layer. A polishing process is
performed to expose the insulating layer.

[0012] The insulating layer is formed from a material hav-
ing a low dielectric constant. Before the formation of the first
metal layer, a barrier layer is formed along a surface of the
semiconductor substrate in which the damascene patterns
have been formed.

[0013] The barrier layer is formed from titanium (Ti), and
the first metal layer is formed by a physical vapor deposition
(PVD) method.

[0014] The first metal layer is formed of tungsten (W). The
first metal layer is formed to a thickness of approximately 10
to 20 angstroms on the sidewalls of the damascene patterns.
The second metal layer is formed on the insulating layer in
which the first metal layer has been formed, and an annealing
process is performed so that the second metal layer flows into
the damascene patterns. The annealing process is performed
atatemperature of approximately 430 to 450 degrees Celsius.
The first metal layer, the second metal layer, and the third
metal layer are formed within each damascene pattern.
[0015] The second metal layer has a height, which is
approximately 10% to 20% lower than that of the damascene
patterns. The second metal layer is formed from aluminum
(AD.

[0016] Thesecond metallayeris formed to have a thickness
of approximately 200 to 300 angstroms. The second metal
layer is formed by a chemical vacuum deposition (CVD)
method. The third metal layer is formed to have a thickness of
approximately 1000 to 2000 angstroms.

[0017] A capping layer is formed on the insulating layer
before the formation of the damascene patterns.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a graph illustrating a change of resistivity
depending on the width of a metal line; and

[0019] FIGS. 2A to 21 are cross-sectional views illustrating
a method of forming a metal line of a semiconductor device
according to the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0020] Specific embodiments according to the present
patent will be described with reference to the accompanying
drawings.

[0021] FIG. 1 is a graph illustrating a change of resistivity
depending on the width of a metal line.

[0022] Referring to FIG. 1, a metal line used in a semicon-
ductor device has a characteristic in that resistivity varies
depending on line width. In a conventional semiconductor
device having a wide line width of approximately 120 nm to
70 nm, tungsten (W) is generally used for the metal line.
Tungsten (W) is used as the metal line because it has a low
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resistivity and performs well at high temperatures. In recent
years, however, as the level of integration of semiconductor
devices has increased, the width of the metal line has
decreased (approximately 60 nm to 30 nm) and the resistivity
of'the metal line has increased. In particular, the resistivity of
tungsten (W) abruptly increases as the width of the metal line
decreases.

[0023] Such an increase in resistivity may hinder the
improvement of the level of integration of semiconductor
devices. Thus, a material having a lower resistivity than tung-
sten (W) is used to form the metal line having a narrow width.
[0024] From the graph of FIG. 1, it can be seen that alumi-
num (Al) and copper (Cu) have a lower resistivity than tung-
sten (W) at a narrow line width of 60 nm to 30 nm. Copper
(Cu) has a lower resistivity than aluminum (Al) and has a
small increasing rate of resistivity when the line width is
narrowed. Accordingly, copper (Cu) has better electrical
characteristics than aluminum (Al). However, when copper
(Cu) is exposed to oxygen, oxidization proceeds rapidly.
Accordingly, a problem arises because resistivity due to oxi-
dization can rapidly increased.

[0025] Incontrast, aluminum (Al) does not easily react with
oxygen, but has weak physical properties. Thus, ifa chemical
mechanical polishing (CMP) process is performed on alumi-
num (Al), the surface of aluminum (Al) becomes very rough
or is likely to be damaged by a slurry used in the CMP
process.

[0026] Accordingly, in the present invention, in order to
lower the resistivity of the metal line, aluminum (Al) with a
lower resistivity than tungsten (W) is used for the metal line.
Tungsten (W) having a thin thickness is formed on the cir-
cumference of aluminum (Al) with weak physical properties
in order to protect the aluminum (Al). The metal line of the
semiconductor device and a method of forming the same are
described below in detail.

[0027] FIGS. 2A to 2] are cross-sectional views illustrating
a method of forming a metal line of a semiconductor device
according to the present invention.

[0028] Referring to FIG. 2A, a first insulating layer 202 for
an interlayer insulating layer is formed on a semiconductor
substrate 200 in which transistors (not shown) are formed.
The first insulating layer 202 can be formed from an oxide
layer. A second insulating layer 204 and a capping layer 206
are formed over the semiconductor substrate 200 on which
the first insulating layer 202 has been formed to perform a
damascene process. The second insulating layer 204 can be
formed of a low dielectric (k) material. The capping layer 206
can be formed of a SiCN film. The process of forming the
capping layer 206 may be omitted, but it is preferably formed
because the capping layer 206 can protect the first insulating
layer 202 in a subsequent etch process. A hard mask film (not
shown) and a photoresist film (not shown) are formed over the
capping layer 206. A photolithography process is then per-
formed to pattern the photoresist film (not shown) such that
open regions 206a are formed in regions where metal lines
will be formed. The hard mask film is patterned according to
the patterned photoresist film (not shown) to form a hard
mask pattern 208. The patterned photoresist film (not shown)
is then removed.

[0029] Referring to FIG. 2B, an etch process is performed
along the hard mask pattern (refer to 208 in FIG. 2A) to
pattern the capping layer 206 and the second insulating layer
204, thereby forming damascene patterns 209 such as
trenches or holes. The etch process is performed so that the
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first insulating layer 202 is partially exposed at the bottoms of
the damascene patterns 209. Though not shown in the draw-
ings, the damascene patterns 209 are formed in the regions
where the transistors (not shown) have been formed such that
top surfaces of the transistors (not shown) are exposed. After
the damascene patterns 209 are formed, the hard mask pattern
(refer to 208 in FIG. 2A) is removed.

[0030] Referring to FIG. 2C, a barrier layer 210 is formed
along the surface of the semiconductor substrate 200 over
which the damascene patterns 209 are formed in order to
protect the surfaces of the first insulating layer 202 and the
second insulating layer 204 within the damascene patterns
209. The barrier layer 210 also increases an adhesive property
with a subsequently formed metal layer. The barrier layer 210
can be formed of liner metal having a thin thickness, such as
titanium (Ti).

[0031] Referring to FIG. 2D, a first metal layer 212 for the
metal line is formed over the semiconductor substrate 200
over which the barrier layer 210 has been formed. The first
metal layer 212 functions as a passivation layer to prevent the
barrier layer 210, formed of titanium (Ti), and a subsequent
aluminum (Al) film from contacting each other.

[0032] Specifically, if the aluminum (Al) film and the tita-
nium (T1) film are brought in contact with each other, a chemi-
cal reaction occurs between the two films. A TiAl; film may
be formed due to the chemical reaction. The TiAl, film may
serve as an abnormal interface causing diffusion. This may
degrade electrical characteristics of the metal line.

[0033] To prevent this problem, the first metal layer 212 is
preferably formed of tungsten (W). Tungsten (W) does not
react with the titanium (Ti) film and the aluminum (Al) film.
Furthermore, tungsten (W) does not form a new interface.
Thus, tungsten (W) is suitable for the first metal layer 212.
[0034] However, since tungsten (W) has a higher resistivity
than aluminum (Al), it is preferred that the first metal layer
212 be formed as thin as possible in order to lower the resis-
tivity of the metal line.

[0035] To this end, the first metal layer 212 is preferably
formed by a physical vapor deposition (PVD) method with
poor step coverage. [fthe first metal layer 212 is formed along
the surface of the barrier layer 210 by the PVD method, the
first metal layer 212 is formed with a relatively large thickness
on the top surfaces of projected regions of the second insu-
lating layer 204 and at the bottoms of the damascene patterns
209. The first metal layer 212 having a relatively small thick-
ness is formed on the sidewalls of the damascene patterns
209. For example, the first metal layer 212 having a thickness
of approximately 10 to 20 angstroms is formed on the side-
walls of the damascene patterns 209. The first metal layer 212
is formed at the bottoms of the damascene patterns 209 to
have a thickness at least as thick as the thickness of the first
metal layer 212 formed on the sidewalls of the damascene
patterns 209. Consequently, the sidewalls and bottoms of the
damascene patterns 209 are covered with the first metal layer
212.

[0036] Alternatively, if the first metal layer 212 is formed
by achemical vapor deposition (CVD) method with good step
coverage, the first metal layer 212 is formed not only at the
bottoms of the damascene patterns 209, but also on the side-
walls of the damascene patterns 209. The first metal layer 212
increases the volume of tungsten (W) with a high resistivity.
Thus, a space where aluminum (Al) with a relatively low
resistivity will be formed is narrowed thereby making it dif-
ficult to effectively lower the resistivity of the metal line.
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[0037] Forthisreason, the first metal layer 212 is preferably
formed by a PVD method with poor step coverage.

[0038] Referring to FIG. 2E, a second metal layer 214 for
the metal line is formed within the damascene patterns 209
having the first metal layer 212 formed therein. The second
metal layer 214 may be formed of aluminum (Al) to lower the
resistivity of the metal line. The second metal layer 214 canbe
formed to a thickness of approximately 200 to 300 angstroms
by a CVD method.

[0039] The second metal layer 214 can be formed to fill the
inside of the damascene pattern 209. However, the inside of
the damascene patterns 209 is not easily filled because a top
width of the damascene patterns 209 is narrowed by the first
metal layer 212. Thus, the second metal layer 214 is first
formed on the first metal layer 212 and a subsequent anneal-
ing process is then performed to fill the inside of the dama-
scene patterns 209. This is described below with reference to
the drawings.

[0040] Referring to FIG. 2F, an annealing process of melt-
ing the second metal layer 214 to fill the damascene patterns
209 is carried out. The annealing process can be performed at
atemperature of approximately 430 to 450 degrees Celsius. If
the annealing process is carried out, the second metal layer
214 is melted and flows into the damascene patterns 209.
Thus, the annealed second metal layer 214 fills the damascene
patterns 209.

[0041] The height of the second metal layer 214 to fill the
inside of the damascene patterns 209 can be lower than the top
surface of the damascene patterns 209. However, when the
height of the second metal layer 214 is the same as or higher
than that of the damascene patterns 209, an etch process may
be performed to lower the height of the second metal layer
214 relative to the height of the damascene patterns 209. For
example, the height of the second metal layer 214 can be
controlled so that it is lower than the height of the damascene
patterns 209 by approximately 10% to 20%.

[0042] Referring to FIG. 2G, a third metal layer 216 for the
metal line is formed over the semiconductor substrate 200 in
which the second metal layer 214 fills the damascene patterns
(refer to 209 in FIG. 2F). The third metal layer 216 protects a
top surface of the second metal layer 214 formed of the
aluminum (Al) film.

[0043] Specifically, if a CMP process is performed to
expose the aluminum (Al) film, the surface of the aluminum
(AD) film may be damaged by slurry used in the polishing
process. For this reason, an adhesive property between the
metal line and a film formed on the metal line, and electrical
characteristics of the metal line can be degraded. Thus, the
third metal layer 216 is formed on the second metal layer 214
formed of aluminum (Al) to protect the second metal layer
214 from damage during a CMP process.

[0044] The third metal layer 216 can be formed of tungsten
(W). The tungsten (W) film can be formed by a CVD method
to easily cover the exposed second metal layer 214. The third
metal layer 216 can be formed to a thickness of approximately
1000 to 2000 angstroms to sufficiently cover the second metal
layer 214.

[0045] Referring to FIG. 2H, a CMP process is performed
to expose the capping layer 206, so that the first metal layers
212, the second metal layers 214, and the third metal layers
216 formed in the respective damascene patterns (refer to 209
in FIG. 2F) are isolated from each other. Thus, the first metal
layer 212, the second metal layer 214, and the third metal
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layer 216 formed within each damascene pattern (refer to 209
in FIG. 2F) become a metal line 217.

[0046] Referring to FIG. 21, a third insulating layer 218 is
formed over the semiconductor substrate 200 in which the
metal line 217 has been formed. The third insulating layer 218
can be formed of an oxide layer.

[0047] If the metal line 217 is formed as described above,
about 80% of the metal line 217 can be formed using alumi-
num (Al) with a low resistivity. It is therefore possible to
lower the resistivity of the metal line 217. Furthermore, since
the circumference of aluminum (Al) is protected by tungsten
(W), the occurrence of an abnormal interface and damage to
the surface of the aluminum (Al) film can be prevented.
[0048] Inaccordance with the present invention, the metal
line is comprised of the first metal layer, the second metal
layer, and the third metal layer. The content of the second
metal layer with a lower resistivity than the first and third
metal layers is greater than the content of the first and third
metal layers. Accordingly, the resistivity of the metal line can
be reduced.

[0049] Furthermore, since the circumference of the second
metal layer is protected by the first and third metal layers, the
occurrence of an abnormal interface can be prevented and
damage due to a polishing process can be reduced. Accord-
ingly, electrical characteristics of the metal line can be
improved.

[0050] Although the foregoing description has been made
with reference to specific embodiments, it is to be understood
that changes and modifications may be made by one having
ordinary skill in the art without departing from the spirit and
scope of the present invention and appended claims.

What is claimed is:

1. A metal line of a semiconductor device, the metal line
comprising:

an insulating layer in which damascene patterns have been
formed;

a first metal layer formed over sidewalls and bottom sur-
faces of the damascene patterns;

a second metal layer formed over the first metal layer
within the damascene patterns and having a lower resis-
tance than the first metal layer; and

a third metal layer formed over the second metal layer.

2. The metal line of the semiconductor device of claim 1,
wherein a barrier layer is formed between the damascene
patterns and the first metal layer.

3. The metal line of the semiconductor device of claim 2,
wherein the barrier layer is formed of titanium (T1).

4. The metal line of the semiconductor device of claim 1,
wherein the second metal layer is formed of aluminum (Al).

5. The metal line of the semiconductor device of claim 2,
wherein the first metal layer is formed from material that does
not react to the barrier layer or the second metal layer.

6. The metal line of the semiconductor device of claim 5,
wherein the first metal layer and the third metal layer are
formed of tungsten (W).

7. A method of forming a metal line of a semiconductor
device, the method comprising:

forming an insulating layer over a semiconductor sub-
strate;

forming damascene patterns in the insulating layer;

forming a first metal layer over sidewalls and over bottoms
of the damascene patterns;

depositing a second metal layer with a low resistance over
the first metal layer within the damascene patterns;
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forming a third metal layer over the first metal layer, the
second metal layer, and the insulating layer; and

performing a polishing process to expose the insulating
layer.

8. The method of claim 7, wherein the insulating layer is
formed from material having a low dielectric constant.

9. The method of claim 7, further comprising, before form-
ing the first metal layer, forming a barrier layer over a surface
of the semiconductor substrate in which the damascene pat-
terns have been formed.

10. The method of claim 9, wherein the barrier layer is
formed from titanium (T1).

11. The method of claim 7, wherein the first metal layer is
formed by a physical vapor deposition (PVD) method.

12. The method of claim 7, wherein the first metal layer is
formed of tungsten (W).

13. The method of claim 7, wherein the first metal layer is
formed to a thickness of approximately 10 to 20 angstroms
over the sidewalls of the damascene patterns.

14. The method of claim 7, wherein depositing the second
metal layer comprises:

forming the second metal layer over the insulating layer in

which the first metal layer has been formed; and
performing an annealing process so that the second metal
layer flows into the damascene patterns.
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15. The method of claim 14, wherein the annealing process
is performed at a temperature of approximately 430 to 450
degrees Celsius.

16. The method of claim 14, wherein the first metal layer,
the second metal layer, and the third metal layer are formed
within each damascene pattern.

17. The method of claim 14, wherein the second metal
layer has a height which is approximately 10% to 20% lower
than a height of the damascene patterns.

18. The method of claim 7, wherein the second metal layer
is formed from aluminum (Al).

19. The method of claim 7, wherein the second metal layer
is formed to have a thickness of approximately 200 to 300
angstroms.

20. The method of claim 7, wherein the second metal layer
is formed by a chemical vacuum deposition (CVD) method.

21. The method of claim 7, wherein the third metal layer is
formed to have a thickness of approximately 1000 to 2000
angstroms.

22. The method of claim 7, further comprising forming a
capping layer over the insulating layer before the formation of
the damascene patterns.

sk sk sk sk sk
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