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(57) ABSTRACT 
The present invention provides a method for forming a 
cobalt barrier layer and a metal interconnection process. The 
method is performed on a surface of a semiconductor device 
Substrate on which metal interconnection lines and an inter 
line dielectric layer are formed, and comprises: depositing a 
dielectric material film on a surface of the inter-line dielec 
tric layer by atomic layer deposition, to densify the Surface 
of the inter-line dielectric layer; removing the deposited 
dielectric material film, to expose the metal interconnection 
lines and the densified surface of the inter-line dielectric 
layer, selectively depositing cobalt on Surfaces of the metal 
interconnection lines to form a cobalt barrier layer. In the 
present invention, deposition selectivity of cobalt on Sur 
faces of the metal interconnection lines and the inter-line 
dielectric layer is improved, thus reducing leakage current 
between metal interconnection lines and improving yield 
and reliability of the product. 

14 Claims, 2 Drawing Sheets 
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METHOD FOR FORMING COBALT 
BARRER LAYER AND METAL 
INTERCONNECTION PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of China 
patent application serial No. 201510173.198.8, filed Apr. 13, 
2015. The entirety of each of the above-mentioned patent 
applications is hereby incorporated by reference herein and 
made a part of this specification. 

FIELD OF THE INVENTION 

The present invention relates to the field of semiconduc 
tor, and particularly to a method for forming a cobalt barrier 
layer and a metal interconnection process. 

BACKGROUND OF THE INVENTION 

With the development of fabricating process for CMOS 
integrated circuits and the reduction in critical dimension, 
novel materials and processes have been applied to device 
fabricating processes improve the performance of devices. 
In a back end process of integrated circuits, Copper (Cu) 
lines are used to replace Aluminum (Al) lines, and the 
interconnection resistance is greatly reduced. At the same 
time, the use of a porous low-k dielectric material can realize 
a dielectric constant of 2.5 or less. These techniques can 
effectively reduce RC delay in integrated circuits. 

Since Cu is prone to diffuse, a Cu diffusion barrier layer 
is deposited after a chemical mechanical polishing of a back 
end Cu layer, and then a low-k dielectric material is depos 
ited, so as to avoid the Cu diffusion into the low-k dielectric 
material. In technology nodes of 28 nm or larger, this Cu 
diffusion barrier layer is usually formed by a thin nitrogen 
doped silicon carbide (NDC, k-5.3) film. In technology 
nodes of 28 nm or less, a diffusion barrier layer of cobalt film 
is introduced which is formed by CVD. The diffusion barrier 
layer of cobalt can not only block the diffusion of Cu, but 
also prevent the moisture in air from penetrating the Cu layer 
during fabrication. The introduction of the cobalt film indi 
cates that the thickness of the nitrogen-doped silicon carbide 
(NDC) film is reduced, which facilitates reducing the overall 
effective k value. Besides, cobalt has excellent adhesion 
ability with respect to Cu, and the reliability of products can 
be significantly improved. 

However, a more amount of cobalt deposited on the 
dielectric layer means a larger leakage current of between 
Cu interconnection lines. Thus, it is urgent to explore a 
method for depositing cobalt, in which the amount of cobalt 
deposited on a porous dielectric layer is as Small as possible, 
namely, deposition selectivity is as much as possible. 

BRIEF SUMMARY OF THE DISCLOSURE 

To overcome the problems as mentioned above, it is an 
object of the present invention to improve deposition selec 
tivity of cobalt on surfaces of metal interconnection lines 
and a surface of inter-line dielectric layer, thus reducing the 
amount of the cobalt deposited on the dielectric layer. 

To realize the above object, the present invention provides 
a method for forming a cobalt barrier layer, which is 
performed on a Surface of a semiconductor device Substrate 
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2 
on which metal interconnection lines and an inter-line 
dielectric layer are formed, and which comprises the fol 
lowing steps: 

Step 01: depositing a dielectric material film on a surface 
of the inter-line dielectric layer by atomic layer deposition, 
to densify the surface of the inter-line dielectric layer. 

Step 02: removing the deposited dielectric material film, 
to expose the metal interconnection lines and the densified 
surface of the inter-line dielectric layer; 

Step 03: selectively depositing cobalt on surfaces of the 
metal interconnection lines to form a cobalt barrier layer. 

Preferably, after step 02 and before step 03, the method 
comprises: treating the Surfaces of the metal interconnection 
lines and the surface of the inter-line dielectric layer with 
reducing plasma treatment. 

Preferably, the inter-line dielectric layer is formed by a 
porous low-k dielectric material. 

Preferably, in step 01, the dielectric material film pen 
etrates the porous low-k dielectric material, and a Surface of 
the porous low-k dielectric material is densified. 

Preferably, in step 01, the atomic layer deposition is a 
plasma enhanced atomic layer deposition. 

Preferably, the temperature of the substrate is decreased, 
the radio frequency energy is decreased, and a reactant gas 
of low oxidability is adopted during the atomic layer depo 
sition. 

Preferably, the carbon dioxide is adopted as the reactant 
gas during the atomic layer deposition. 

Preferably, the dielectric material film is silicon oxide 
film, the thickness of the silicon oxide is 10-50 A. Prefer 
ably, in step 03, the cobalt barrier layer is deposited by 
chemical vapor deposition, the thickness of cobalt barrier 
layer is 20-100 A. To realize the above object, the present 
invention further provides a metal interconnection process, 
which comprises: 

forming front end metal interconnection lines and an 
inter-line dielectric layer; 

forming a cobalt barrier layer on surfaces of the front end 
metal interconnection lines by the method of claim 1: 

forming a diffusion barrier layer on surfaces of the cobalt 
barrier layer and the inter-line dielectric layer; 

forming back end metal interconnection lines on the 
diffusion barrier layer. 
The method for forming a cobalt barrier layer and the 

metal interconnection process of the present invention are 
based on the principle that cobalt shows a relatively high 
deposition selectivity with respect to a surface of a dense 
dielectric material. In view of this, a dielectric material film 
is deposited on the surface of the inter-line dielectric layer 
by atomic layer deposition, so that the surface of the 
inter-line dielectric layer is densified. As a result, deposition 
selectivity of cobalt on surfaces of the metal interconnection 
lines and the surface of the inter-line dielectric layer is 
improved, leakage current between metal interconnection 
lines is reduced, and yield and reliability of the product are 
improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart for illustrating a method for forming 
a cobalt barrier layer in a preferred embodiment of the 
present invention. 

FIGS. 2, 3, 4 are schematic views for illustrating each step 
in a method for forming a cobalt barrier layer in a preferred 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The present invention will be described in further details 
hereinafter by referring to the accompanying drawings, so as 
to provide a better understanding of the present invention. 
However, the present invention is not limited to these 
embodiments. All equivalent modifications and Substitutions 
without departing from the spirit and scope of the present 
invention should be covered by the present invention. 

In a method for forming a cobalt barrier layer of the 
present invention, a dielectric material film is deposited on 
a surface of an inter-line dielectric layer by atomic layer 
deposition. As a result, the surface of the inter-line dielectric 
layer is densified, so that the cobalt is selectively deposited 
on Surfaces of metal interconnection lines, and hardly depos 
ited on the surface of the inter-line dielectric layer. The 
underlying principle follows. During atomic layer deposi 
tion, the dielectric material will penetrate a skin layer of the 
inter-line dielectric layer so that the skin layer is densified. 
In addition, the amount or thickness of the deposited cobalt 
is different for various substrate surfaces, i.e., more cobalt is 
deposited on a dense Substrate Surface, while less cobalt is 
deposited on a loose or porous Substrate Surface. In other 
words, the cobalt is prone to be selectively deposited on a 
dense Substrate surface. The present invention intends to 
inhibit deposition of cobalt on the surface of the inter-line 
dielectric layer, and promote selective deposition of cobalt 
on Surfaces of metal interconnection lines. Thus, in the 
present invention, a dielectric material film is formed on the 
surface of the inter-line dielectric layer to improve a density 
of the surface of the inter-line dielectric layer, so as to 
improve deposition selectivity of cobalt on the surfaces of 
metal interconnection lines and the Surface of inter-line 
dielectric layer. 
The method for forming a cobalt barrier layer of the 

present invention will be described hereinafter with refer 
ence to FIG. 1-4 and specific embodiments. It is noted that 
the accompanying drawings are drawn in a simplified man 
ner and not to scale, and that the accompanying drawings are 
only used to illustrate embodiments in a convenient and 
clear manner. 

Referring to FIG. 1, in an embodiment of the present 
invention, forming a cobalt barrier layer belongs to a back 
end metal interconnection process, and the method for 
forming a cobalt barrier layer is performed on a semicon 
ductor device substrate on which metal interconnection lines 
and an inter-line dielectric layer are formed, and comprises 
the following steps. 

Step 01: referring to FIG. 2, a dielectric material film 03 
is deposit on a surface of an inter-line dielectric layer 01 by 
atomic layer deposition, so that the Surface of the inter-line 
dielectric layer 01 is densified. 

In particular, in this embodiment, the dielectric material 
film 03 is deposited by atomic layer deposition after chemi 
cal mechanical polishing process of metal interconnection 
lines. The dielectric material film 03 is also deposited on 
surfaces of metal interconnection lines 02. Due to limits in 
temperature during back end metal interconnection process, 
a plasma enhanced atomic layer deposition is adopted, and 
the deposition temperature is 50-400° C. The deposition 
comprises but is not limited to a cyclic process of adsorp 
tion of precursors on the surface of the inter-line dielectric 
layer, purging the deposited dielectric material with an inert 
gas, and plasma cleaning the deposited dielectric material. In 
order to reduce damage to the inter-line dielectric layer due 
to plasma, during the atomic layer deposition, a temperature 
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4 
of the Substrate can be reduced, e.g., a Substrate temperature 
of 50° C.; the radio frequency energy can be decreased; and 
a reactant gas of low oxidability, e.g., carbon dioxide, can be 
adopted. The material of the deposited dielectric film can be 
silicon oxide, and a thickness of the silicon oxide film is 
10-50 A. In this process, since the precursors may enter 
voids in the surface of the inter-line dielectric layer, and the 
dielectric material grows in these voids, so that a skin layer 
of the inter-line dielectric layer is densified. The densified 
portion has an increased k value. However, since the den 
sified skin layer is very thin, the overall k value of the 
inter-line dielectric layer will not increase significantly. Of 
course, other dielectric materials can be deposited by atomic 
layer deposition, and all those dielectric materials which will 
not lead to significant increase in k value of the inter-line 
dielectric layer can be adopted in the present invention. 

In this embodiment, the material of the inter-line dielec 
tric layer 01 is a porous low-k dielectric. The dielectric 
material film 03 penetrates the porous low-k dielectric 
material, so that the porous low-k dielectric material Surface 
is densified. 

Step 02: referring to FIG. 3, the deposited dielectric 
material 03 is removed, the densified surface of the inter-line 
dielectric layer 01 and the metal interconnection lines 02 are 
exposed. 

In particular, the method for removing the dielectric 
material comprises but is not limited to plasma dry etching 
process. When the deposited dielectric material film is 
removed, the densified surface of the inter-line dielectric 
layer is retained. In this embodiment, the deposited dielec 
tric material film is silicon oxide film. In this case, a 
silicon-cobalt-nickel process can be used to etch and remove 
the silicon oxide thin film. Reference can be made to the 
existing process for specific etching steps of the silicon 
cobalt-nickel process, which are not repeated here for sim 
plicity. Of course, other etching methods can also be applied 
in other embodiments of the present invention. 

In this embodiment, after step 02 and before step 03, the 
method comprises: treating the Surfaces of the metal inter 
connection lines and the surface of the inter-line dielectric 
layer by reducing plasma. The reducing plasma can be H 
plasma (for example, H2 plasma). So that oxidized metal on 
the Surfaces of the metal interconnection lines can be 
reduced. In addition, the inter-line dielectric layer can be 
repaired to a certain extent, so that k value of the inter-line 
dielectric layer is decreased. For example, Cu metal inter 
connection lines may be oxidized into copper oxide during 
the preceding deposition or removing processes, and treating 
surfaces of Cu metal interconnection lines with H plasma 
can reduce copper oxide into Cu metal. Besides, by treating 
porous the surface of the low-k dielectric material with H 
plasma, damage to the porous low-k dielectric material 
during the above-mentioned deposition or removing pro 
cesses can be repaired, so that k value is further reduced. 

Step 03: referring to FIG. 4, the cobalt is selectively 
deposited on the Surfaces of the metal interconnection line 
02, so that a cobalt barrier layer 04 is formed. 

In particular, the cobalt barrier layer is deposited by 
chemical vapor deposition. Since the surface of the inter-line 
dielectric layer is densified, the deposition of the cobalt will 
exhibit excellent selectivity. As a result, the cobalt is selec 
tively deposited on the surfaces of the metal interconnection 
lines, while is hardly deposited on the surface of the inter 
line dielectric layer, thus improving deposition selectivity of 
the cobalt. The cobalt barrier layer can have a thickness of 
20-100 A. 
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The present invention further provides a metal intercon 
nection process, which comprises the following steps. 

Firstly, front end metal interconnection lines and an 
inter-line dielectric layer are formed. Conventional pro 
cesses can be used in this case, which are not repeated here 
for simplicity. 

Then, a cobalt barrier layer is formed on the surfaces of 
the front end metal interconnection lines by the above 
mentioned method for forming a cobalt barrier layer. 

Then, a diffusion barrier layer is formed on surfaces of the 
cobalt barrier layer and of the inter-line dielectric layer. The 
diffusion barrier layer can be made from nitrogen-doped 
silicon carbide, and can have a thickness of 50-200 A. 
Conventional processes can be used in this case, which are 
not repeated here for simplicity. 

Finally, back end metal interconnection lines are formed 
on the diffusion barrier layer. 

In an embodiment of the present invention, the method for 
forming metal interconnection lines comprises the following 
steps. 

Step 201: a first barrier layer and a low-k dielectric 
material are deposited in sequence on the semiconductor 
device substrate. 

In particular, the semiconductor device Substrate com 
prises but is not limited to substrates which have been 
Subject to front end interconnection processes. The semi 
conductor device Substrate comprises a porous low-k dielec 
tric material formed in a front end interconnection process, 
a first trench, and a filling metal in the first trench. A 
diffusion barrier layer of e.g. TalTaN is formed on an inner 
wall of the first trench, and the filling metal is formed on a 
surface of the diffusion barrier layer. In step 201, the low-k 
dielectric material is formed in a PECVD reactor chamber, 
and the reactants comprise methyldiethoxysilane (mDEOS) 
and C-terpinene (ATRP). The ATRP acts as a pore-foaming 
agent, the reaction temperature is 200-400° C., and the 
deposited low-k dielectric material has a thickness of 
1000-5000 A. It is noted that, the substrate of the semicon 
ductor device in the present invention can be any semicon 
ductor Substrate, and all those Substrates of the semiconduc 
tor device which are subject to interconnection processes of 
porous low-k dielectric material can be applied in the 
present invention. 

Step 202: the deposited low-k dielectric material is sub 
ject to a first ultraviolet curing process. 

In particular, the low-k dielectric material is formed by the 
first ultraviolet curing process. In the first ultraviolet curing 
process, a curing temperature is 300-400° C., and a curing 
time is determined on basis of the thickness of the low-k 
dielectric material and is for example 100-1000 seconds. In 
the present invention, a high porosity, a low k value, and a 
high mechanical strength of the low-k dielectric material are 
realized by means of the first ultraviolet curing process. 
These effects cannot be obtained if the duration of the first 
ultraviolet curing process is too short. Thus, in some 
embodiments of the present invention, the curing time of the 
first ultraviolet curing process is larger than that of the 
second ultraviolet curing process. In this embodiment, the 
curing time of the first ultraviolet curing process makes up 
80%-95% of the total curing time of the first and second 
ultraviolet curing processes. In this way, in this embodiment, 
the low-k dielectric material will still shrink in the first 
ultraviolet curing process. However, the low-k dielectric 
material will shrink in the first ultraviolet curing process to 
an extent less than the extent to which the low-k dielectric 
material will shrink in a single curing process. The first 
ultraviolet curing process can comprise a plurality of ultra 
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6 
violet curing processes in which, for example, different 
curing temperatures are adopted. 

Step 203: a second trench is formed in the low-k dielectric 
material by photolithography and etching processes, and the 
first barrier layer at a bottom of the second trench is etched 
away to expose the filling metal in the first trench. 

In particular, firstly, the second trench is formed by 
photolithography and etching; then a diffusion barrier layer 
of e.g. Ta/TaN is deposited on an inner wall and a bottom of 
the formed second trench; then, a portion of the first barrier 
layer at the bottom of the second trench is etched away. 
Conventional processes can be used in this case, which are 
not repeated here for simplicity. 

Step 204: a metal is filled in the second trench, and the 
filled metal is Subject to chemical mechanical polishing up 
to the surface of the low-k dielectric material. 

In particular, the copper can be deposited in the second 
trench by copper plating process. In this step, the low-k 
dielectric material is removed partially by chemical 
mechanical polishing. In this embodiment, after chemical 
mechanical polishing, the low-k dielectric material has a 
thickness of 1200-1800 A. Here, the first trench and the 
filling metal therein as well as the second trench and the 
filling metal therein constitute interconnection through 
holes. 

Step 205: the low-k dielectric material is subject to a 
second ultraviolet curing process to form a porous low-k 
dielectric material. 

In particular, in the second ultraviolet curing process, the 
curing temperature is 300-400°C. In the second ultraviolet 
curing process, the pore-foaming agent in the low-k dielec 
tric material is discharged completely. The interconnection 
through holes functions to support the low-k dielectric 
material to prevent it from shrinking, while precipitation and 
crosslinking of the pore-foaming agent will still proceed. 
This means that the low-k dielectric material will have an 
even higher porosity and lowerk value. In this embodiment, 
the second ultraviolet curing process has a duration which 
makes up 5-20% of the total duration of the first and second 
ultraviolet curing processes. The second ultraviolet curing 
process can comprise a plurality of ultraviolet curing pro 
cesses in which, for example, different curing temperatures 
can be adopted. 

Step 206: a second barrier layer is deposited on the 
surface of the porous low-k dielectric material and the 
surface of the filled metal. 

In particular, the material of the second barrier layer can 
be, but is not limited to, nitrogen-doped silicon carbide. 
To sum up, the method for forming a cobalt barrier layer 

and the metal interconnection process of the present inven 
tion are based on the principle that the cobalt shows a 
relatively high deposition selectivity with respect to a sur 
face of a dense dielectric material. In view of this, a 
dielectric material film is deposited on the surface of the 
inter-line dielectric layer by atomic layer deposition, so that 
the surface of the inter-line dielectric layer is densified. As 
a result, the deposition selectivity of the cobalt on surfaces 
of the metal interconnection lines and the surface of the 
inter-line dielectric layer is improved, the leakage current 
between metal interconnection lines is reduced, and the 
yield and reliability of the product are improved. 

While the invention has been described in connection 
with preferred embodiments, it will be understood that 
modifications thereof within the principles outlined above 
will be evident to those skilled in the art, and thus the 
invention is not limited to the preferred embodiments but is 
intended to encompass Such modifications. The invention 
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resides in each and every novel characteristic feature and 
each and every combination of characteristic features. Ref 
erence numerals in the claims do not limit their protective 
Scope. 

The invention claimed is: 
1. A method for forming a cobalt barrier layer, which is 

performed on a Surface of a semiconductor device Substrate 
on which metal interconnection lines and an inter-line 
dielectric layer are formed, comprising the following steps 
in order: 

Step 01: depositing a dielectric material film on a surface 
of the inter-line dielectric layer and surfaces of the 
metal interconnection lines by atomic layer deposition, 
to densify the surface of the inter-line dielectric layer 
and increase a deposition selectivity of cobalt between 
the surfaces of the metal interconnection lines and the 
densified surface of the inter-line dielectric layer; 

Step 02: removing the deposited dielectric material film, 
to expose the metal interconnection lines and the den 
sified surface of the inter-line dielectric layer; then 
treating the Surfaces of the metal interconnection lines 
and the surface of the inter-line dielectric layer with 
reducing plasma treatment; 

Step 03: selectively depositing cobalt on the surfaces of 
the metal interconnection lines to form a cobalt barrier 
layer. 

2. The method for forming a cobalt barrier layer of claim 
1, wherein the inter-line dielectric layer is formed by a 
porous low-k dielectric material. 

3. The method for forming a cobalt barrier layer of claim 
2, wherein, in step 01, the dielectric material film penetrates 
the porous low-k dielectric material, and a surface of the 
porous low-k dielectric material is densified. 

4. The method for forming a cobalt barrier layer of claim 
1, wherein, in step 01, the atomic layer deposition is plasma 
enhanced atomic layer deposition. 
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5. The method for forming a cobalt barrier layer of claim 

4, wherein the temperature range of the substrate in the 
process of the plasma enhanced atomic layer deposition is 
50 to 4OO'C. 

6. The method for forming a cobalt barrier layer of claim 
5, wherein, the temperature of the substrate is decreased, 
radio frequency energy is decreased, and a reactant gas of 
low oxidability is adopted during the atomic layer deposi 
tion. 

7. The method for forming a cobalt barrier layer of claim 
6, wherein the reactant gas is carbon dioxide. 

8. The method for forming a cobalt barrier layer of claim 
6, wherein the temperature of the substrate is 50°C. 

9. The method for forming a cobalt barrier layer of claim 
4, wherein, the reactant gas during the atomic layer depo 
sition is carbon dioxide. 

10. The method for forming a cobalt barrier layer of claim 
1, wherein, the dielectric material film is a silicon oxide film. 

11. The method for forming a cobalt barrier layer of claim 
10, wherein, the thickness of the silicon oxide is 10 to 50 
Angstroms. 

12. The method for forming a cobalt barrier layer of claim 
1, wherein, in step 03, the cobalt barrier layer is deposited 
by chemical vapor deposition. 

13. The method for forming a cobalt barrier layer of claim 
1, wherein the thickness of the cobalt barrier layer is 20 to 
100 Angstroms. 

14. A metal interconnection process, comprising the fol 
lowing steps in order: 

forming front end metal interconnection lines and an 
inter-line dielectric layer; 

forming a cobalt barrier layer on surfaces of the front end 
metal interconnection lines by the method of claim 1: 

forming a diffusion barrier layer on surfaces of the cobalt 
barrier layer and the inter-line dielectric layer; 

forming back end metal interconnection lines on the 
diffusion barrier layer. 

k k k k k 


