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(57) ABSTRACT 

A method of forming a metal interconnection structure is 
provided. The method includes forming an insulating layer 
on a semiconductor Substrate including a first metal inter 
connection. The insulating layer is patterned to form an 
opening that exposes the first metal interconnection. A first 
diffusion barrier layer is formed on the exposed first metal 
interconnection. The first diffusion barrier layer comprises at 
least one of aluminum(Al), Zirconium(Zr), silicon(Si), 
molybdenum (Mo), cobalt(Co), tungsten(W), ruthenium(Ru) 
and nickel(Ni). A second metal interconnection is formed on 
the first diffusion barrier layer. Metal atoms from the first 
metal interconnection are prevented from diffusing into the 
second metal interconnection by the first diffusion barrier 
layer. A metal interconnection structure having the first 
diffusion barrier layer is also provided. 
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Fig. 4 
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Fig. 8 

35 
142 
4. 

130 

120 

110 

------------ c ) XXXXXXXXX 144 

M. Y. ( 

130 

120 

110 

115 

  

  



Patent Application Publication Jan. 17, 2008 Sheet 6 of 6 US 2008/0012134 A1 

Fig. 10 
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METAL INTERCONNECTION STRUCTURES 
AND METHODS OF FORMING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 USC S 
119 to Korean Patent Application No. 10-2006-58961, filed 
Jun. 28, 2006, the disclosure of which is hereby incorporated 
herein by reference in its entirety. 

BACKGROUND 

0002 1. Technical Field 
0003. The present invention relates to a semiconductor 
integrated circuit and, more particularly, to metal intercon 
nection structures in a semiconductor integrated circuit and 
methods of forming the same. 
0004 2. Description of the Related Art 
0005. As semiconductor devices having metal intercon 
nections become more highly integrated, the width and the 
thickness of the metal interconnections have been reduced, 
resulting in a drastic increase in the electrical resistance of 
the metal interconnections. A copper interconnection having 
low resistivity is very attractive as a candidate for reducing 
the electrical resistance of the metal interconnections. The 
copper interconnection can be formed using a damascene 
technique. However, the copper interconnection may be 
easily oxidized. Thus, in the event that bonding pads of the 
semiconductor devices are formed from the copper layer, 
bonding fails may be generated during a wire bonding 
process for manufacturing semiconductor packages due to 
oxidation of the copper. Accordingly, an aluminum layer is 
still used in formation of the bonding pads on the copper 
interconnection. 
0006 FIG. 1 is a cross sectional view illustrating a 
method of forming conventional metal interconnections. 
Referring to FIG. 1, an insulating layer 30 is formed on a 
semiconductor Substrate 10 including a lower copper inter 
connection 15. An upper copper interconnection 65, which 
is electrically connected to the lower copper interconnection 
15, is formed in the insulating layer 30. The upper copper 
interconnection 65 is formed using a dual damascene tech 
nique. A diffusion barrier layer 75 and an aluminum pad 85, 
which are sequentially stacked, are formed on the upper 
copper interconnection 65. The diffusion barrier layer 75 and 
the aluminum pad 85 are formed by sequentially depositing 
a titanium layer, a titanium nitride layer and an aluminum 
layer on the insulating layer 30 and the upper copper 
interconnection 65 and by Successively patterning the alu 
minum layer, the titanium layer and the titanium nitride layer 
using a reactive ion etching (RIE) technique. 
0007 According to the conventional art as described 
above, an additional process for forming the aluminum pad 
85 is required after formation of the upper copper intercon 
nection 65. Thus, the conventional art requires a compli 
cated metallization process. 
0008 Recently, a method of replacing the upper copper 
interconnection 65 with an aluminum interconnection has 
been proposed. Such a method does not require formation of 
the aluminum pad 85, which simplifies the metallization 
process. In this case, however, copper atoms in the lower 
copper interconnection 15 may be diffused into the alumi 
num interconnection, thereby generating Voids in the lower 
copper interconnection 15 and degrading the reliability 
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thereof. Consequently, a method of simplifying the metal 
lization process during formation of metal interconnections 
that does not result in void formation due to metal atom 
diffusion is desired. 

SUMMARY 

0009 Embodiments of the invention provide a metal 
interconnection structure and a method of forming the same. 
Some embodiments of the invention provide a metal inter 
connection comprising a copper interconnection and an 
aluminum bonding pad. 
0010. According to embodiments of the invention, the 
method comprises forming an insulating layer on a semi 
conductor Substrate including a first metal interconnection; 
patterning the insulating layer to form an opening that 
exposes the first metal interconnection; forming a first 
diffusion barrier layer on the exposed first metal intercon 
nection, the first diffusion barrier layer comprising at least 
one material selected from the group consisting of aluminum 
(Al), Zirconium(Zr), silicon(Si), molybdenum (Mo), cobalt 
(Co), tungsten(W), ruthenium(Ru), and nickel(Ni); and 
forming a second metal interconnection on the first diffusion 
barrier layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Preferred embodiments of the invention can be 
understood in more detail from the following descriptions 
taken in conjunction with the accompanying drawings in 
which: 
0012 FIG. 1 is a cross sectional view illustrating a 
method of forming a conventional metal interconnection 
Structure: 
0013 FIG. 2 is a cross sectional view illustrating a metal 
interconnection structure according to an exemplary 
embodiment of the invention; 
0014 FIG. 3 is a cross sectional view illustrating a metal 
interconnection structure according to another exemplary 
embodiment of the invention; 
0015 FIGS. 4 to 7 are cross sectional views illustrating 
a method of forming a metal interconnection structure 
according to an exemplary embodiment of the invention; 
and 
0016 FIGS. 8 to 11 are cross sectional views illustrating 
a method of forming a metal interconnection structure 
according to another exemplary embodiment of the inven 
tion. 

DETAILED DESCRIPTION 

0017. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in dif 
ferent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention 
to those skilled in the art. 
0018. In the specification, although the terms first, sec 
ond, etc. may be used herein to describe a metal intercon 
nection, a diffusion barrier layer or a material layer, these 
material layers should not be limited by these terms. These 
terms are only used to distinguish a specific metal intercon 
nection, a specific diffusion barrier layer or a specific 
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material layer from another metal interconnection, another 
diffusion barrier layer or another material layer. Further, it 
will be understood that when a layer is referred to as being 
“on” another layer or substrate, it can be directly on the other 
layer or Substrate, or intervening layers may also be present. 
When a layer is referred to as being “directly on another 
layer or Substrate, there are no intervening layers present. As 
used herein, the term and/or includes any and all combina 
tions of one or more of the associated listed items. In the 
drawings, the thickness of layers and regions are exagger 
ated for clarity. 
0019 FIG. 2 is a cross sectional view illustrating a metal 
interconnection structure according to an exemplary 
embodiment of the invention. 
0020 Referring to FIG. 2, a first metal interconnection 
115 may be disposed in a semiconductor substrate 110. The 
first metal interconnection 115 may be electrically connected 
to various discrete devices (not shown). For example, the 
first metal interconnection 115 may be electrically connected 
to active devices such as transistors or other metal intercon 
nections. The first metal interconnection 115 may be a 
copper interconnection, and both sidewalls and a bottom 
surface of the first metal interconnection 115 may be cov 
ered with a diffusion barrier layer (not shown). 
0021. An etch stop layer 120 is disposed on the semi 
conductor substrate 110 including the first metal intercon 
nection 115. The etch stop layer 120 may prevent a top 
surface of the first metal interconnection 115 from being 
damaged due to over-etching during formation of an open 
ing 135 for exposing the first metal interconnection 115. The 
etch stop layer 120 may comprise silicon nitride(SiN). 
silicon carbide(SiC) or silicon carbide nitride(SiCN), and 
the etch stop layer 120 may function as a diffusion barrier 
layer that prevents metal atoms (for example, copper atoms) 
in the first metal interconnection 115 from being diffused 
into a layer thereon. 
0022. An insulating layer 130 is disposed on the etch stop 
layer 120. The insulating layer 130 may comprise a fluoro 
silicate glass (FSG) layer, a tetraethylorthosilicate (TEOS) 
layer, a high density plasma (HDP) oxide layer or a low-k 
dielectric layer. 
0023 The first metal interconnection 115 is exposed by 
an opening 135 that penetrates the insulating layer 130 and 
the etch stop layer 120, and a first diffusion barrier layer 145 
is disposed on the exposed first metal interconnection 115. 
The first diffusion barrier layer 145 may have a thickness of 
0.5 to 1000 angstroms (A). The first diffusion barrier layer 
145 may comprise at least one material selected from the 
group consisting of aluminum(Al), Zirconium(Zr), silicon 
(Si), molybdenum(Mo), cobalt(Co), tungsten(W), rutheni 
um(Ru) and nickel(Ni). The first diffusion barrier layer 145 
may further comprise an oxide of the selected material. For 
example, the first diffusion barrier layer 145 may comprise 
an aluminum (Al) layer and aluminum oxide (Al2O) 
therein. Further, the first diffusion barrier layer 145 may 
comprise a compound layer, which is formed by reaction of 
the selected material and metal in the first metal intercon 
nection 115. For example, when the selected material is 
aluminum(Al) and the first metal interconnection 115 is a 
copper(Cu) interconnection, the compound layer may be a 
copper-aluminum alloy layer. 
0024. A second diffusion barrier layer 155 and a second 
metal interconnection 165 are disposed on the first metal 
interconnection 145. The second diffusion barrier layer 155 
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may extend to cover a sidewall of the opening 135, and the 
second metal interconnection 165 fills the opening 135 
surrounded by the second diffusion barrier layer 155. 
Accordingly, the second metal interconnection 165 may be 
electrically connected to the first metal interconnection 115 
through the first diffusion barrier layer 145. The second 
metal interconnection 165 may comprise a plug portion that 
extends to fill the opening 135 as described above. Thus, the 
plug portion may prevent the second metal interconnection 
layer 165 from being lifted. The second diffusion barrier 
layer 155 may comprise titanium(Ti), titanium nitride(TiN). 
tantalum(Ta) or tantalum nitride(TaN), and the second metal 
interconnection 165 may comprise aluminum(Al). The sec 
ond diffusion barrier layer 155 may prevent metal atoms 
(e.g., aluminum atoms) in the second metal interconnection 
165 from being diffused into the insulating layer 130. 
Further, the second diffusion barrier layer 155 may function 
as a wetting layer that improves the adsorption and the 
reflowability of the second metal interconnection 165. 
0025. According to the embodiment described above, the 

first diffusion barrier layer 145 between the first and second 
metal interconnections 115 and 165 can prevent the metal 
atoms in the first metal interconnection 115 from being 
diffused into the second metal interconnection 165. For 
example, when the first metal interconnection 115 is a 
copper interconnection and the second metal interconnec 
tion 165 is an aluminum interconnection, copper atoms in 
the first metal interconnection 115 may not be diffused into 
the second metal interconnection 165 even though the 
second metal interconnection 165 is formed of aluminum at 
a high temperature of about 500 to 600 degrees Celsius. In 
particular, when the first diffusion barrier layer 145 com 
prises oxide (e.g., aluminum oxide) and/or a compound 
layer (e.g., a copper-aluminum alloy layer) as described 
above, the diffusion barrier effect between the first and 
second metal interconnections 115 and 165 may be further 
improved. 
0026 FIG. 3 is a cross sectional view illustrating a metal 
interconnection structure according to another exemplary 
embodiment of the invention. Referring to FIG. 3, this 
embodiment is different from the previous embodiment 
illustrated in FIG. 2 in terms of the first diffusion barrier 
layer 145. In the present embodiment, the first diffusion 
barrier layer 145 is disposed between the first metal inter 
connection 115 and the second diffusion barrier layer 155, 
and the first diffusion barrier layer 145 extends to cover a 
sidewall of the opening 135. Thus, the contact area between 
the first and second diffusion barrier layers 145 and 155 of 
the present embodiment may be greater than the contact area 
between the first and second diffusion barrier layers 145 and 
155 of the previous embodiment illustrated in FIG. 2. 
Further, the first diffusion barrier layer 145 may be an alloy 
layer including titanium aluminum nitride(TiAIN). Alterna 
tively, the first diffusion barrier layer 145 may comprise a 
plurality of grains consisting of titanium (Ti) or titanium 
nitride (TiN), and at least one material selected from the 
group consisting of aluminum(Al), Zirconium(Zr), silicon 
(Si), molybdenum(Mo), cobalt(Co), tungsten(W), rutheni 
um(Ru) and nickel(Ni). Regions between the grains are 
filled with the selected material. 

0027 FIGS. 4 to 7 are cross sectional views illustrating 
a method of forming a metal interconnection structure 
according to an embodiment of the present invention. 
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0028 Referring to FIG. 4, an etch stop layer 120 and an 
insulating layer 130 are sequentially formed on a semicon 
ductor substrate 110 including a first metal interconnection 
115. The first metal interconnection 115 may be formed of 
a copper layer using a damascene technique. A diffusion 
barrier layer (not shown) Surrounding both sidewalls and a 
bottom surface of the first metal interconnection 115 may be 
additionally formed. A diffusion barrier layer may be formed 
in the substrate 110 prior to formation of the first metal 
interconnection 115. The etch stop layer 120 may be formed 
of silicon nitride(SiN), silicon carbide(SiC) or silicon carbon 
nitride(SiCN), and the insulating layer 130 may be formed 
of fluorosilicate glass(FSG), tetraethylorthosilicate(TEOS), 
high density plasma(HDP) oxide or low-k dielectric insu 
lating material. Each of the etch stop layer 120 and the 
insulating layer 130 may be formed by well known depo 
sition processes. 
0029. The insulating layer 130 and the etch stop layer 120 
are patterned to form an opening 135 which exposes a 
portion of the first metal interconnection 115. The etch stop 
layer 120 may prevent a top surface of the first metal 
interconnection 115 from being damaged due to an over 
etching process during formation of the opening 135. 
0030) Referring to FIG. 5, a first diffusion barrier layer 
145 is formed on the first metal interconnection 115. The 
first diffusion barrier layer 145 may be selectively formed on 
the exposed portion of the first metal interconnection 115 by 
performing a chemical vapor deposition (CVD) process, an 
electroplating process or an electroless plating process. 
Here, the expression “may be selectively formed” means 
that when two or more exposed layers are disposed on a 
semiconductor Substrate, a certain layer may be formed only 
on one layer of the exposed layers. Accordingly, the first 
diffusion barrier layer 145 is formed only on a surface of the 
exposed first metal interconnection 145 and is not formed on 
a sidewall of the opening 135 (that is, on the insulating layer 
130). The first diffusion barrier layer 145 may be formed of 
at least one material selected from the group consisting of 
aluminum(Al), Zirconium(Zr), silicon(Si), molybdenum 
(Mo), cobalt(Co), tungsten(W), ruthenium(Ru) and nickel 
(Ni). The first diffusion barrier layer 145 may be formed to 
a thickness of about 0.5 to about 1000 angstroms (A). 
0031. The first diffusion barrier layer 145 may react with 
the first metal interconnection 115 during formation of the 
first diffusion barrier layer 145, thereby forming a compound 
layer (not shown) at an interface between the first diffusion 
barrier layer 145 and the first metal interconnection 115. 
Alternatively, the compound layer may be formed by per 
forming a separate annealing process after formation of the 
first diffusion barrier layer 145. When the first metal inter 
connection 115 is formed of copper and the first diffusion 
barrier layer 145 is formed of aluminum, the compound 
layer may be a copper-aluminum alloy layer. 
0032. Further, oxide of the selected material may be 
additionally formed in the first diffusion barrier layer 145. 
For example, when the first diffusion barrier layer 145 is 
formed of aluminum(Al), aluminum oxide may be formed in 
the first diffusion barrier layer 145. 
0033. The compound layer and/or the oxide may further 
densify the first diffusion barrier layer 145 to further 
improve the diffusion barrier function of the first diffusion 
barrier layer 145. 
0034) Referring to FIG. 6, a material layer 150 and a 
metal layer 160 are sequentially formed on an entire surface 
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of the substrate having the first diffusion barrier layer 145. 
The material layer 150 may be formed of at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) or tanta 
lum nitride(TaN) by performing a well known deposition 
process Such as a CVD process, a physical vapor deposition 
(PVD) process oran atomic layer deposition (ALD) process. 
The material layer 150 prevents metal atoms in the metal 
layer 160 from being diffused and reacting with the insu 
lating layer 130 and improves the adsorption and/or the 
reflowability of the metal layer 160. The metal layer 160 
may be formed of aluminum performing a well known 
deposition process such as a CVD process and/or a PVD 
process. The PVD process may comprise a low temperature 
process and a high temperature process. That is, the low 
temperature process may be performed and then the high 
temperature process or a reflow process may be performed. 
0035. When the metal layer 160 is formed using the high 
temperature PVD process according to conventional meth 
ods as described above, metal atoms (e.g., copper atoms) in 
the first metal interconnection 115 may be diffused into the 
metal layer 160 during formation of the metal layer 160. In 
particular, there may be a limitation in Suppressing the metal 
atoms in the first metal interconnection 115 from being 
diffused into the metal layer 160 using only the material 
layer 150 including a material of titanium(Ti) or tantalum 
(Ta). However, according to the present embodiment, the 
first diffusion barrier layer 145 in addition to the material 
layer 150 can prevent the diffusion of the metal atoms in the 
first metal interconnection 115, as described above. More 
over, the first diffusion barrier layer 145 may be formed to 
include the oxide and/or the compound layer therein, as 
described above. For example, when the first metal inter 
connection 115 is formed of copper and the first diffusion 
barrier layer 145 is formed of aluminum, the first diffusion 
barrier layer 145 may include copper-aluminum alloy and/or 
aluminum oxide therein. Therefore, the first diffusion barrier 
layer 145 may become more densified in film quality to 
function as an excellent diffusion barrier layer. Thus, the 
reliability of the first metal interconnection 115 may not be 
degraded even though the metal layer 160 is formed using a 
high temperature process. 
0036 Referring to FIG. 7, the material layer 150 and the 
metal layer 160 are patterned to form a second diffusion 
barrier layer 155 and a second metal interconnection 165. 
The second diffusion barrier layer 155 is formed to cover a 
surface of the first diffusion barrier layer 145 and a sidewall 
of the opening 135, and the second metal interconnection 
165 is formed on the second diffusion barrier layer 155. 
0037 According to the embodiment described above, the 

first diffusion barrier layer 145 is formed between the first 
and second metal interconnections 115 and 165. Thus, the 
second metal interconnection 165 may be formed of alumi 
num to provide a bonding pad, even though the first metal 
interconnection 115 is formed of copper. Therefore, an 
aluminum bonding pad may be easily formed together with 
the copper interconnection using a simplified metallization 
process. Further, the second metal interconnection 165 may 
be formed to have a plug portion that fills the opening 135 
in the insulating layer 130. Accordingly, the plug portion can 
prevent the second metal interconnection 165 from being 
lifted. 

0038 FIGS. 8 to 11 are cross sectional views illustrating 
a method of forming a metal interconnection structure 
according to another embodiment of the present invention. 
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0039 Referring to FIG. 8, a first metal interconnection 
115, an etch stop layer 120, an insulating layer 130 and an 
opening 135 may be formed using the same method as 
described above with reference to FIG. 4. A first material 
layer 141 and a second material layer 142 are sequentially 
formed on the substrate having the opening 135. The first 
material layer 141 may be formed of at least one of titanium 
(Ti), titanium nitride(TiN), tantalum(Ta) and tantalum 
nitride(TaN) by performing a well known deposition pro 
cess, and the second material layer 142 may be formed of at 
least one material selected from the group consisting of 
aluminun. Al), Zirconium(Zr), silicon(Si), molybdenum 
(Mo), cobalt(Co), tungsten(W), ruthenium(Ru) and nickel 
(Ni) by performing a well known deposition process. The 
well known deposition process may comprise a CVD pro 
cess, a PVD process or an ALD process. In another embodi 
ment, the second material layer 142 may be formed prior to 
formation of the first material layer 141. In yet another 
embodiment, the first and second material layers 141 and 
142 may be formed repeatedly. In other words, more than 
one layer of the first and second material layers 141 and 142 
may be sequentially stacked on the insulating layer 130. 
0040. Referring to FIG. 9, an annealing process may be 
applied to the Substrate having the first and second material 
layers 141 and 142. As a result, at least a portion of the first 
material layer 141 and at least a portion of the second 
material layer 142 may react with each other during the 
annealing process, thereby forming a third material layer 
144. For example, the first and second material layers 141 
and 142 may entirely react with each other during the 
annealing process. In another embodiment, only a portion of 
the first material layer 141 may react with the entire portion 
of the second material layer 142 during the annealing 
process or vice versa. In yet another embodiment, a portion 
of the first material layer 141 may react with a portion of the 
second material layer 142 during the annealing process. 
Accordingly, at least one of the first and second material 
layers 141 and 142 may exist after the annealing process. 
When the first and second material layers 141 and 142 are 
respectively formed of titanium nitride(TiN) and aluminum 
(Al), the third layer 144 may be a titanium aluminum nitride 
(TiAIN) layer. 
0041 Further, the second material layer 142 may react 
with the first metal interconnection 115 during the annealing 
process. For example, when the first metal interconnection 
115 and the second material layer 142 are respectively 
formed of copper and aluminum, the third layer 144 may 
comprise a copper-aluminum alloy layer formed at an inter 
face between the first metal interconnection 115 and the first 
material layer 141. In addition, the third material layer may 
comprise aluminum oxide formed during the annealing 
process. 

0042. In other embodiments, the first and second material 
layers 141 and 142 may not react with each other. The 
second material layer 142 may be formed to a very thin 
thickness. In this case, even though the annealing process is 
omitted, atoms (e.g., aluminum atoms) of the second mate 
rial layer 142 may be easily diffused into the first material 
layer 141 (e.g., a TiN layer) to fill grain boundaries of first 
material layer 141 even without application of the annealing 
process. 

0043. As described above, the third material layer 144 
may comprise a titanium aluminum nitride (TialN) and/or 
an aluminum oxide(AlO·). Thus, the third material layer 
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144 may have a dense film quality which is sufficient to 
function as an excellent diffusion barrier layer. 
0044) Referring to FIG. 10, a fourth material layer 150 
and a metal layer 160 may be sequentially formed on the 
third material layer 144. The fourth material layer 150 may 
be formed of at least one of titanium(Ti), titanium nitride 
(TiN), tantalum (Ta) or tantalum nitride(TaN) by performing 
a well known deposition process Such as a CVD process, a 
physical vapor deposition (PVD) process or an atomic layer 
deposition (ALD) process. The fourth material layer 150 
prevents metal atoms in the metal layer 160 from being 
diffused into the insulating layer 130 and improves the 
adsorption and/or the reflowability of the metal layer 160. 
The metal layer 160 may be formed of aluminum by 
performing a well known deposition process. For example, 
the metal layer 160 may be formed by performing a CVD 
process and/or a PVD process. The PVD process may 
comprise a low temperature process and a high temperature 
process. That is, the low temperature process may be per 
formed and then the high temperature process or a reflow 
process may be performed. 
0045. When the metal layer 160 is formed using the high 
temperature PVD process using the conventional method as 
described above, metal atoms (e.g., copper atoms) in the first 
metal interconnection 115 may be diffused into the metal 
layer 160 during formation of the metal layer 160. In 
particular, there may be a limitation in Suppressing the metal 
atoms in the first metal interconnection 115 from being 
diffused into the metal layer 160 using only the fourth 
material layer 150 including a material of titanium(Ti) or 
tantalum(Ta). However, the present embodiment provides 
the third material layer 144 in addition to the fourth material 
layer 150, as described above. Moreover, the third material 
layer 144 may be formed to include the aluminum oxide 
(AlO) layer and/or the titanium aluminum nitride (TiAlN) 
layer therein, as described above. Therefore, the third mate 
rial layer 144 may become more densified in film quality to 
act as an excellent diffusion barrier layer. Thus, the reliabil 
ity of the first metal interconnection 115 may not be 
degraded even though the metal layer 160 is formed using a 
high temperature process. 
0046 Referring to FIG. 11, the metal layer 160, the fourth 
material layer 150 and the third material layer 144 are 
patterned to form a first diffusion barrier layer 145, a second 
diffusion barrier layer 155 and a second metal interconnec 
tion 165. According to the present embodiment, the first 
diffusion barrier layer 145 is formed between the first and 
second metal interconnections 115 and 165. Thus, the sec 
ond metal interconnection 165 may be formed of aluminum 
to provide a bonding pad, even though the first metal 
interconnection 115 is formed of copper. Therefore, an 
aluminum bonding pad may be easily formed together with 
the copper interconnection without the use of any compli 
cated metallization processes. Further, the second metal 
interconnection 165 may be formed to have a plug portion 
that fills the opening 135 in the insulating layer 130. 
Accordingly, the plug portion can prevent the second metal 
interconnection 165 from being lifted. 
0047 According to embodiments of the invention, the 
method comprises forming an insulating layer on a semi 
conductor Substrate including a first metal interconnection; 
patterning the insulating layer to form an opening that 
exposes the first metal interconnection; forming a first 
diffusion barrier layer on the exposed first metal intercon 
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nection, the first diffusion barrier layer comprising at least 
one material selected from the group consisting of aluminum 
(Al), Zirconium(Zr), silicon(Si), molybdenum (Mo), cobalt 
(Co), tungsten(W), ruthenium(Ru), and nickel(Ni); and 
forming a second metal interconnection on the first diffusion 
barrier layer. 
0.048. In one embodiment, the first metal interconnection 
may comprise copper and the second metal interconnection 
may comprise aluminum. 
0049. In another embodiment, a second diffusion barrier 
layer may be additionally formed between the first diffusion 
barrier layer and the second metal interconnection. The 
second diffusion barrier layer may comprise at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) and tanta 
lum nitride(TaN). 
0050. In another embodiment, the first diffusion barrier 
layer may be selectively formed only on the exposed first 
metal interconnection. The first diffusion barrier layer may 
be formed by performing a chemical vapor deposition 
(CVD) process, an electroplating process or an electroless 
plating process. 
0051. In another embodiment, forming the first diffusion 
barrier layer may comprise making metal in the first metal 
interconnection and the selected material react with each 
other to form a compound layer. 
0052. In another embodiment, forming the first diffusion 
barrier layer may comprise performing an annealing process 
to form an oxide of the selected material in the first diffusion 
barrier layer. 
0053 According to some embodiments of the invention, 
the method comprises forming an insulating layer on a 
semiconductor Substrate including a first metal interconnec 
tion; patterning the insulating layer to form an opening that 
exposes the first metal interconnection; forming a first 
material layer and a second material layer on the exposed 
first metal interconnection, the first material layer compris 
ing at least one of titanium(Ti), titanium nitride(TiN), tan 
talum(Ta) or tantalum nitride(TaN), and the second material 
layer comprising at least one material selected from the 
group consisting of aluminum(Al), Zirconium(Zr), silicon 
(Si), molybdenum(Mo), cobalt(Co), tungsten(W), rutheni 
um(Ru) and nickel(Ni); making the first material layer and 
the second material layer react with each other to form a first 
diffusion barrier layer; and forming a second metal inter 
connection on the first diffusion barrier layer. 
0054. In one embodiment, the first metal interconnection 
may comprise copper and the second metal interconnection 
may comprise aluminum. 
0055. In another embodiment, a second diffusion barrier 
layer may be additionally formed between the first diffusion 
barrier layer and the second metal interconnection. The 
second diffusion barrier layer may comprise at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) or tanta 
lum nitride(TaN). 
0056. In another embodiment, forming the first diffusion 
barrier layer may comprise diffusing the selected material 
into the first material layer. 
0057. In another embodiment, the first material layer and 
the second material layer may be formed repeatedly. 
0058. In another embodiment, the entire portion of the 

first material layer may react with the entire portion of the 
second material layer to form the first diffusion barrier layer. 
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0059. In another embodiment, at least one of the first and 
second material layers may remain after formation of the 
first diffusion barrier layer. 
0060 According to other embodiments of the invention, 
the method comprises forming an insulating layer on a 
semiconductor Substrate including a first metal interconnec 
tion; patterning the insulating layer to form an opening that 
exposes the first metal interconnection; forming a first 
material layer and a second material layer on the exposed 
first metal interconnection, the first material layer compris 
ing at least one of titanium(Ti) or titanium nitride(TiN), and 
the second material layer comprising at least one material 
selected from the group consisting of aluminum(Al), Zirco 
nium(Zr), silicon(Si), molybdenum (Mo), cobalt(Co), tung 
sten(W), ruthenium(Ru) and nickel(Ni); diffusing the 
selected material into the first material layer to form a first 
diffusion barrier layer; and forming a second metal inter 
connection on the first diffusion barrier layer. 
0061. In one embodiment, the first metal interconnection 
may comprise copper and the second metal interconnection 
may comprise aluminum. 
0062. In another embodiment, a second diffusion barrier 
layer may be additionally formed between the first diffusion 
barrier layer and the second metal interconnection. The 
second diffusion barrier layer may comprise at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) or tanta 
lum nitride(TaN). 
0063. In still another embodiment, the first material layer 
and the second material layer may be formed repeatedly. 
0064. According to some embodiments of the invention, 
the metal interconnection structure comprises a first metal 
interconnection and a second metal interconnection; and a 
first diffusion barrier layer between the first and second 
metal interconnections, the first diffusion barrier layer 
including at least one material selected from the group 
consisting of aluminum(Al), Zirconium(Zr), silicon(Si), 
molybdenum (Mo), cobalt(Co), tungsten(W), ruthenium(Ru) 
and nickel(Ni). 
0065. In one embodiment, the first metal interconnection 
may comprise copper and the second metal interconnection 
may comprise aluminum. 
0066. In another embodiment, a second diffusion barrier 
layer may be additionally disposed between the first diffu 
sion barrier layer and the second metal interconnection. The 
second diffusion barrier layer may comprise at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) and tanta 
lum nitride(TaN). 
0067. In another embodiment, the first diffusion barrier 
layer may comprise an oxide of the selected material. 
0068. In another embodiment, the first diffusion barrier 
layer may comprise a compound layer formed by reaction of 
the selected material and metal in the first metal intercon 
nection. 
0069. While the present invention has been particularly 
shown and described with reference to embodiments 
thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. 
What is claimed is: 
1. A method of forming a metal interconnection structure, 

the method comprising: 
forming an insulating layer on a semiconductor Substrate 

including a first metal interconnection; 
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patterning the insulating layer to form an opening that 
exposes the first metal interconnection; 

forming a first diffusion barrier layer on the exposed first 
metal interconnection, the first diffusion barrier layer 
comprising at least one material selected from the 
group consisting of aluminum(Al), Zirconium(Zr), sili 
conCSi.), molybdenum(Mo), cobalt(Co), tungsten(W), 
ruthenium(Ru), and nickel(Ni); and 

forming a second metal interconnection on the first dif 
fusion barrier layer. 

2. The method of claim 1, wherein the first metal inter 
connection comprises copper and the second metal inter 
connection comprises aluminum. 

3. The method of claim 1, further comprising forming a 
second diffusion barrier layer between the first diffusion 
barrier layer and the second metal interconnection, wherein 
the second diffusion barrier layer comprises at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) or tanta 
lum nitride (TaN). 

4. The method of claim 1, wherein the first diffusion 
barrier layer is selectively formed only on the exposed first 
metal interconnection. 

5. The method of claim 4, wherein forming the first 
diffusion barrier layer comprises a chemical vapor deposi 
tion (CVD) process, an electroplating process or an electro 
less plating process. 

6. The method of claim 1, wherein forming the first 
diffusion barrier layer comprises reacting metal in the first 
metal interconnection with the selected material to form a 
compound layer. 

7. The method of claim 1, wherein forming the first 
diffusion barrier layer comprises an annealing process to 
form an oxide of the selected material in the first diffusion 
barrier layer. 

8. A method of forming a metal interconnection structure, 
the method comprising: 

forming an insulating layer on a semiconductor Substrate 
including a first metal interconnection; 

patterning the insulating layer to form an opening that 
exposes the first metal interconnection; 

forming a first material layer and a second material layer 
on the exposed first metal interconnection, the first 
material layer comprising at least one of titanium(Ti), 
titanium nitride(TiN), tantalum(Ta) or tantalum nitride 
(TaN), and the second material layer comprising at least 
one material selected from the group consisting of 
aluminum(Al), Zirconium(Zr), silicon(Si), molybde 
num(Mo), cobalt(Co), tungsten(W), ruthenium(Ru) 
and nickel(Ni); 

reacting the first material layer with the second material 
layer to form a first diffusion barrier layer; and 

forming a second metal interconnection on the first dif 
fusion barrier layer. 

9. The method of claim 8, wherein the first metal inter 
connection comprises copper and the second metal inter 
connection comprises aluminum. 

10. The method of claim 8, further comprising forming a 
second diffusion barrier layer between the first diffusion 
barrier layer and the second metal interconnection, wherein 
the second diffusion barrier layer comprises at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) or tanta 
lum nitride(TaN). 
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11. The method of claim 8, wherein forming the first 
diffusion barrier layer comprises diffusing the selected mate 
rial of the second material layer into the first material layer. 

12. The method of claim 8, wherein the first material layer 
and the second material layer are formed repeatedly. 

13. The method of claim 8, wherein the entire portion of 
the first material layer reacts with the entire portion of the 
second material layer to form the first diffusion barrier layer. 

14. The method of claim 8, wherein at least one of the first 
and second material layers remains after formation of the 
first diffusion barrier layer. 

15. A method of forming a metal interconnection struc 
ture, the method comprising: 

forming an insulating layer on a semiconductor Substrate 
including a first metal interconnection; 

patterning the insulating layer to form an opening that 
exposes the first metal interconnection; 

forming a first material layer and a second material layer 
on the exposed first metal interconnection, the first 
material layer comprising at least one of titanium(Ti) or 
titanium nitride(TiN), and the second material layer 
comprising at least one material selected from the 
group consisting of aluminum(Al), Zirconium(Zr), sili 
conCSi.), molybdenum(Mo), cobalt(Co), tungsten(W), 
ruthenium(Ru) and nickel(Ni); 

diffusing the selected material into the first material layer 
to form a first diffusion barrier layer; and 

forming a second metal interconnection on the first dif 
fusion barrier layer. 

16. The method of claim 15, wherein the first metal 
interconnection comprises copper and the second metal 
interconnection comprises aluminum. 

17. The method of claim 15, further comprising forming 
a second diffusion barrier layer between the first diffusion 
barrier layer and the second metal interconnection, wherein 
the second diffusion barrier layer comprises at least one of 
titanium(Ti), titanium nitride(TiN), tantalum(Ta) and tanta 
lum nitride(TaN). 

18. The method of claim 15, wherein the first material 
layer and the second material layer are formed repeatedly. 

19. A metal interconnection structure, comprising: 
a first metal interconnection and a second metal intercon 

nection; and 
a first diffusion barrier layer between the first and second 

metal interconnections, the first diffusion barrier layer 
including at least one material selected from the group 
consisting of aluminum(Al), Zirconium(Zr), silicon(Si), 
molybdenum (Mo), cobalt(Co), tungsten(W), rutheni 
um(Ru) and nickel(Ni). 

20. The metal interconnection structure of claim 19, 
wherein the first metal interconnection comprises copper 
and the second metal interconnection comprises aluminum. 

21. The metal interconnection structure of claim 19, 
further comprising a second diffusion barrier layer between 
the first diffusion barrier layer and the second metal inter 
connection, wherein the second diffusion barrier layer com 
prises at least one of titanium(Ti), titanium nitride(TiN). 
tantalum(Ta) and tantalum nitride(TaN). 

22. The metal interconnection structure of claim 19, 
wherein the first diffusion barrier layer comprises an oxide 
of the selected material of the first diffusion barrier layer. 

23. The metal interconnection structure of claim 19, 
wherein the first diffusion barrier layer comprises a com 
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pound layer formed by reaction of the selected material with 
metal in the first metal interconnection. 

24. An interconnection structure, comprising: 
a Substrate including a first interconnection; 
an insulating layer disposed on the Substrate and the first 

interconnection, the insulating layer defining an open 
ing therein; 

a first diffusion barrier layer disposed in the opening and 
on the first interconnection; 

a second diffusion barrier layer disposed on the first 
diffusion barrier layer; and 

a second interconnection disposed on the second diffusion 
barrier layer. 

25. The interconnection structure of claim 24, wherein the 
first diffusion barrier layer is disposed in the bottom of the 
opening and the second diffusion barrier layer is disposed on 
the sidewalls of the opening. 

26. The interconnection structure of claim 24, wherein the 
first diffusion barrier layer is disposed in the bottom of the 
opening and on the sidewalls of the opening. 

27. The interconnection structure of claim 24, wherein the 
second interconnection comprises a plug portion extending 
into the opening. 
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28. The interconnection structure of claim 24, further 
comprising an etch stop layer between the insulating layer 
and the substrate. 

29. The interconnection structure of claim 24, wherein the 
first interconnection comprises copper and the second inter 
connection comprises aluminum. 

30. The interconnection structure of claim 29, wherein the 
first diffusion barrier layer comprises aluminum oxide. 

31. The interconnection structure of claim 29, wherein the 
first diffusion barrier layer comprises a copper-aluminum 
alloy. 

32. The interconnection structure of claim 24, wherein the 
first diffusion barrier layer comprises a titanium or titanium 
nitride material having a plurality of grains. 

33. The interconnection structure of claim 32, wherein the 
first diffusion barrier layer comprises at least one material 
selected from aluminum(Al), Zirconium(Zr), silicon(Si), 
molybdenum (Mo), cobalt(Co), tungsten(W), ruthenium(Ru) 
and nickel(Ni), and wherein regions between the grains are 
filled with the selected material. 


