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ABSTRACT 

Damascene processing is implemented with dielectric bar 
rier films for improved step coverage and reduced contact 
resistance. Embodiments include the use of two different 
dielectric films to avoid misalignment problems. Embodi 
ments further include dual damascene processing using Cu 
metallization. 
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DAMASCENE PROCESSING USING DELECTRIC 
BARRIER FILMS 

TECHNICAL FIELD 

0001. The present invention relates to semiconductor 
devices having interconnection patterns with barrier films. 
The present invention is particularly applicable to ultra 
large-scale integrated circuit (ULSI) devices having features 
in the deep Sub-micron regime. 

BACKGROUND ART 

0002. As integrated circuit geometries continue to plunge 
into the deep Sub-micron regime, the issues confronted by 
integration technology increase in number and severity. 
Demands for ULSI semiconductor wiring require increas 
ingly denser arrays with minimal spacings between narrower 
conductive lines. Implementation becomes problematic in 
manufacturing semiconductor devices having a design rule 
of about 0.13 micron and under. 

0003 Conventional semiconductor devices comprise a 
semiconductor Substrate, typically doped monocrystalline 
silicon, and a plurality of sequentially formed interlayer 
dielectrics and conductive patterns. An integrated circuit is 
formed containing a plurality of conductive patterns com 
prising conductive lines separated by interwiring spacings, 
and a plurality of interconnect lines. Such as bus lines, bit 
lines, word lines and logic interconnect lines. Typically, the 
conductive patterns on different levels, i.e., upper and lower 
levels, are electrically connected by a conductive plug filling 
a via hole, while a conductive plug filling a contact hole 
establishes electrical contact with an active region on a 
semiconductor Substrate. Such as a source/drain region. 
Conductive lines are formed in trenches which typically 
extend substantially horizontal with respect to the semicon 
ductor substrate. Semiconductor “chips' comprising five or 
more levels of metallization are becoming more prevalent as 
feature sizes shrink into the deep Sub-micron regime. 
0004. A conductive plug filling a via hole is typically 
formed by depositing an interlayer dielectric (ILD) on a 
patterned conductive layer comprising at least one conduc 
tive feature, forming an opening through the ILD by con 
ventional photolithographic and etching techniques, and 
filling the opening with a conductive material. The excess 
conductive material or overburden on the surface of the ILD 
is typically removed by chemical-mechanical polishing 
(CMP). One such method is known as damascene and 
basically involves forming an opening in the ILD and filling 
the opening with a metal. Dual damascene techniques 
involve forming an opening comprising a lower contact or 
via hole section in communication with an upper trench 
section, which opening is filled with a conductive material, 
typically a metal, to simultaneously form a conductive plug 
in electrical contact with a conductive line. 

0005 Copper (Cu) and Cu alloys have received consid 
erable attention as alternative metallurgy to aluminum (Al) 
in interconnect metallizations. Cu is relatively inexpensive, 
easy to process, and has a lower resistively than Al. In 
addition, Cu has improved electrical properties vis-a-vis 
tungsten (W), making Cu a desirable metal for use as a 
conductive plug as well as conductive wiring. However, due 
to Cu diffusion through dielectric materials, such as silicon 
dioxide, Cu interconnect structures must be encapsulated by 
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a diffusion barrier layer. Typical diffusion barrier materials 
include tantalum (Ta), tantalum nitride (TaN), titanium (Ti), 
titanium nitride (TiN), titanium-tungsten (TiW), Tungsten 
(W), tungsten nitride (WN), Ti TiN, titanium silicon 
nitride (TiSiN), tungsten silicon nitride (WSiN), tantalum 
silicon nitride (TaSiN) and silicon nitride for encapsulating 
Cu. The use of such barrier materials to encapsulate Cu is 
not limited to the interface between Cu and the ILD, but 
includes interfaces with other metals as well. 

0006 Cu interconnect technology, by and large, has been 
implemented employing damascene techniques, wherein a 
first dielectric layer, Such as a silicon oxide layer, e.g., 
derived from tetraethyl orthosilicate (TEOS) or silane, or a 
low dielectric constant material, i.e., a material having a 
dielectric constant of no greater than 4 (with a dielectric 
constant of 1 representing a vacuum), is formed over an 
underlying pattern having a capping layer thereon, e.g., a Cu 
or Cu alloy pattern with a silicon nitride capping layer. A 
barrier layer and optional seedlayer are then deposited, 
followed by Cu deposition, as by electrodeposition or elec 
troless deposition. 
0007. In implementing conventional interconnect tech 
nology, Such as damascene technology, particularly employ 
ing Cu metallization, various issues become particularly 
acute as the feature size continues to plunge into the deep 
Sub-micron regime. For example, the use of a conventional 
metallic barrier film, such as Ta, TaN, TiN, WN and W. 
becomes problematic in various respects. These metallic 
barrier films exhibit a higher electrical resistivity than Cu, 
aluminum or silver. Moreover, various barrier metal films, 
particularly Ta and TaN, the barrier metal layers of choice, 
can only be deposited employing physical vapor deposition 
(PVD) techniques, such as sputtering. Such conventionally 
sputtered films exhibit poor conformal step coverage. More 
over, as feature sizes are reduced, electromigration and 
capacitance issues become acute along with the step cover 
age and resistivity problems. It also becomes more difficult 
to accommodate misalignment problems in multi-level 
interconnection technology. 
0008 Accordingly, there exists a need for improved 
interconnection technology, particularly for Cu damascene 
techniques, addressing issues generated by reduced feature 
sizes, such as poor step coverage, contact resistivity, elec 
tromigration, capacitance and misalignment. There exists a 
particular need for Such improved interconnection technol 
ogy for Cu damascene processing involving a highly min 
iaturized circuitry having a feature size less than about 0.13 
micron. 

SUMMARY OF THE INVENTION 

0009. An advantage of the present invention is a semi 
conductor device having a highly reliable interconnection 
pattern with features in the deep-Sub micron regime. 
0010 Another advantage of the present invention is a 
method of manufacturing a semiconductor device compris 
ing a highly reliable interconnection pattern with features in 
the deep-Sub micron regime. 

0011 Additional advantages and features of the present 
invention will be set forth in part in the description which 
follows, and in part will become apparent to those having 
ordinary skill in the art upon examination of the following 
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or may be learned by practice of the present invention. The 
advantages of the present invention may be realized and 
obtained as particularly pointed out in the appended claims. 
0012. According to the present invention, the foregoing 
and other advantages are achieved in part by a method of 
manufacturing a semiconductor device, the method com 
prising: forming a first dielectric layer overlying a substrate; 
forming a first barrier layer, comprising a first dielectric 
barrier material, on the first dielectric layer; etching to form 
a first opening defined by side surfaces of the first dielectric 
layer and a bottom; forming a second barrier layer, com 
prising a second dielectric barrier material different from the 
first dielectric barrier material, on an upper surface of the 
first barrier layer overlying the first dielectric layer, on the 
side surfaces of the first dielectric layer defining the first 
opening and on the bottom of the first opening; etching with 
selectivity to the first barrier layer to remove the second 
barrier layer from, and stopping on, the upper Surface of the 
first barrier layer, and to remove the second barrier layer 
from the bottom of the first opening leaving a portion of the 
second barrier layer as a liner on the side surfaces of the first 
dielectric layer defining the first opening; and filling the 
opening with a metal to form a lower metal feature. 
0013 Another aspect of the present invention is a semi 
conductor device comprising a metal feature comprising 
copper (Cu) or a Cu alloy, formed in an opening defined by 
side surfaces of a first dielectric layer having a first barrier 
layer, comprising a first dielectric barrier material, thereon; 
a first barrier liner, comprising a second dielectric barrier 
material different from the first dielectric barrier material, on 
the side surfaces of the first dielectric layer between the 
lower metal feature and the first dielectric layer, wherein the 
first barrier liner has an upper Surface extending to a distance 
below an upper surface of the first dielectric layer. 
0014 Embodiments of the present invention include dual 
damascene techniques implemented to form a dual dama 
scene structure having a line and via electrically connected 
to the lower metal feature. The dual damascene structure is 
implemented by forming a dual damascene opening, and 
then forming a dielectric liner on the side surfaces of the 
dielectric layers in which the dual damascene opening is 
formed. The barrier layers employed can be selected from 
various dielectric materials, such as silicon nitride, silicon 
oxynitride and silicon carbide, and can be deposited at a 
suitable thickness, such as about 50 A to about 500 A 
Embodiments of the present invention further comprise dual 
damascene structures containing Cu metallization. 
0.015 Additional advantages of the present invention will 
become readily apparent to those having ordinary skill in the 
art from the following detailed description, wherein embodi 
ments of the present invention are described simply by way 
of illustration of the best mode contemplated for carrying 
out the present invention. As will be realized, the present 
invention is capable of other and different embodiments, and 
its several details are capable of modifications in various 
obvious respects, all without departing from the present 
invention. Accordingly, the drawings and descriptions are to 
regarding as illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1 through 10 schematically illustrate sequen 
tial phases of methodology inclusive of embodiments of the 
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present invention. In FIGS. 1 through 10, like features or 
elements are denoted by like reference numerals. 

DESCRIPTION OF THE INVENTION 

0017. The present invention provides methodology 
enabling the formation of semiconductor devices having 
interconnection patterns with improved step coverage, 
reduced contact resistance, enhanced electromigration resis 
tance, reduced capacitance and misalignment tolerance. 
These objectives are achieved by the strategic use of a 
dielectric barrier layer in lieu of a metal-containing or 
metallic barrier layer. Advantageously, in accordance with 
embodiments of the present invention dielectric barrier 
layers are deposited by chemical vapor deposition (CVD) 
and, hence, exhibit Superior step coverage, particularly vis 
a-vis a conventional sputter deposited metal barrier layer. 
Moreover, dielectric barrier layers can be deposited with 
greater uniformity then conventional metal-containing bar 
rier layers. In implementing various embodiments of the 
present invention, dielectric barrier layers can comprise 
Suitable dielectric barrier materials, such as a silicon nitride, 
silicon carbide or silicon oxynitride. In addition, as a metal 
lic barrier layer is not deposited in the via and line, the 
contact resistance is significantly reduced by employing a 
dielectric barrier layer. Further, the direct copper via/line 
contact enhances electromigration. Embodiments of the 
present invention also enable a reduction in parasitic capaci 
tance. Advantageously, the use of two different dielectric 
barrier layers in accordance with embodiments of the 
present invention provides increased tolerance for misalign 
ment. 

0018. In implementing various embodiments of the 
present invention, dielectric layers can be formed from 
various dielectric materials conventionally employed in the 
manufacture of semiconductor device, particularly, dielec 
tric materials with lower values of primitivity, such as 
“low-k” dielectric materials. The expression “low-k” mate 
rial has evolved characterized materials with a dielectric 
constant less than about 3.9, based upon the value of the 
dielectric constant of a vacuum as one (1). Suitable dielectric 
materials for use in accordance with embodiments of the 
present invention include: flowable oxides, such as hydro 
gen silsesquioxane (HSQ) and methyl silsesquioxane 
(MSQ), and various organic low-k materials, typically hav 
ing a dielectric constant of about 2.0 to about 3.8, such as 
FLARE 20TM dielectric, a poly(arylene) ether, available 
from Allied Signal, Advanced Micromechanic Materials, 
Sunnyvale, Calif., Black-DiamondTM dielectric available 
from Applied Materials, Santa Clara, Calif., BCB (divinyl 
siloxane bis-benzocyclobutene) and SilkTM dielectric, an 
organic polymer similar to BCB, both available from Dow 
Chemical Co., Midland, Mich. Other suitable low-k dielec 
tric include poly(arylene)ethers, poly(arylene)ether azoles, 
parylene-N, polyimides, polynapthalene-N, polyphenyl-qui 
noxalines (PPQ), polyphenyleneoxide, polyethylene and 
polypropylene. Additional low-k dielectric materials Suit 
able for use in embodiments of the present invention include 
FOTM (HSQ-based), XLKTM (HSQ-based), and SILKTM, 
an aromatic hydrocarbon polymer (each available from Dow 
Chemical Co., Midland, Mich.); CoralTM, a carbon-doped 
silicon oxide (available from Novellus Systems, San Jose, 
Calif); FlareTM, an organic polymer, HOSPTM, a hybrid 
siloxane-organic polymer, and NanoglassTM, a nonoporous 
silica (each available from Honeywell Electronic Materials); 
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and halogen-doped (e.g., fluorine-doped) silicon dioxide 
derived from tetraethyl orthosilicate (TEOS) and fluorine 
doped silicate glass (FSG). 
0019. The present invention is particularly applicable to 
interconnect technology involving damascene techniques. 
Thus, embodiments of the present invention comprise 
depositing a layer comprising a low-k material, and forming 
an opening in the low-k dielectric layer by damascene 
techniques, including dual damascene techniques. The open 
ings formed in the low-k dielectric layer can be a via hole 
which is Subsequently filled with a metal. Such as copper 
(Cu) or a Cu alloy, to form a via interconnecting upper and 
lower metal lines, or a contact hole in which case the Cu or 
Cu alloy filled contact hole electrically connects a first metal 
layer with a source/drain region in the semiconductor Sub 
strate. The opening in the low-k dielectric layer can also be 
a trench, in which case the filled trench forms an intercon 
nection line. The opening can also be formed by a dual 
damascene technique, in which a via/contact communicating 
with a line is simultaneously formed by metal deposition. 
0020. In implementing Cu damascene techniques, a bar 
rier layer is typically initially deposited in the damascene 
opening and a seedlayer deposited thereon. Suitable seed 
layers include, copper alloys containing magnesium, alumi 
num, zinc, Zirconium, tin, nickel, palladium, silver or gold in 
a suitable amount, e.g., about 0.3 to about 12 at. 96. 
0021 FIGS. 1 through 10 schematically illustrate sequen 

tial phases inclusive of embodiments within the scope of the 
present invention. Adverting to FIG. 1, active regions 
formed in a semiconductor substrate 10 are shown isolated 
by shallow trench isolation 11. Such active regions include 
transistors 12 comprising gate oxide layer 12A, gate elec 
trode 12B thereon and source/drain regions 12C. An inter 
layer dielectric (ILD) 13 is formed overlying the substrate 
and a barrier layer 14, Such as a silicon carbide, silicon 
oxynitride or silicon nitride, is formed thereon, typically at 
a thickness of about 50 A to about 500 A. As shown in FIG. 
2, plug openings are formed in ILD 13 and filled with metal, 
Such as tungsten, to form plug 20 connected to transistor 12 
and plug 21 connected to a source/drain region 12C. 
0022 Adverting to FIG. 3, a dielectric layer 30 is formed 
overlying ILD 13 on barrier layer 14, a barrier layer 31 
formed on ILD 30, and a damascene opening 32, Such as a 
trench, is formed in dielectric layer 30 defined by side 
surfaces 30A of dielectric layer 30. A dielectric barrier layer 
40, as shown in FIG. 4, is then deposited, as by chemical 
vapor deposition, on barrier layer 31 lining opening 32. 
Barrier layer 40 exhibits high conformity and rounded 
corners 40A at the corners of trench 32. Barrier layer 40 
comprises a dielectric material different from the dielectric 
material of barrier layer 31, such that barrier layer 31 
functions as an etch stop layer during Subsequent etching. 
The various barrier layers deposited in accordance with 
embodiments of the present invention can comprise a mate 
rial Such as a silicon nitride, silicon oxynitride or silicon 
carbide. 

0023 Anisotropic etching is then conducted to remove 
barrier layer 40 from the upper surface of barrier layer 31 
and the bottom of trench 32 leaving a dielectric liner 50 on 
the side surfaces 30A of dielectric layer 30 defining trench 
32, as illustrated in FIG. 5. After anisotropic etching, the 
upper surface of dielectric liner 50 may extend below the 

Feb. 15, 2007 

upper surface of dielectric barrier layer 31, as shown by 
reference numeral 51, following anisotropic etching. Typi 
cally, the distance between the upper surface of dielectric 
liner 50 and the upper surface of dielectric barrier layer 31 
is about 50 A to about 500 A. 

0024 Trench32 is then filled with metal and followed by 
chemical mechanical polishing (CMP) to form metal line 60, 
as shown in FIG. 6. Embodiments of the present invention 
include electrodepositing or electrolessly deposited copper 
to form metal line 60. In such case, a barrier layer and 
seedlayer are typically deposited prior to filling opening 32. 

0025 Various types of dual damascene structures are 
encompassed by embodiments of the present invention, 
including via first-trench last and trench first-Via last dual 
damascene techniques. Dual damascene processing is exem 
plified in FIGS. 7 through 10 building on metal line 60. As 
shown in FIG. 7, a dielectric barrier layer 70 is then 
deposited comprising a dielectric barrier material different 
from that of dielectric barrier layer 31. Dielectric layers 71 
and 73 are then deposited with a dielectric barrier layer 72 
therebetween, and a dielectric barrier layer 74 formed on 
dielectric layer 73. A dual damascene opening is then formed 
comprising a trench 76 defined by side surfaces 73A of 
dielectric layer 73 and a via hole 75 connected thereto and 
defined by side surfaces 71A of dielectric layer 71. The dual 
damascene structure can be formed by a conventional via 
first-trench last technique or a conventional trench first-via 
last technique. 

0026 Advantageously, embodiments of the present 
invention provide a tolerance for misalignment. As shown in 
FIG. 7, via hole 75 is misaligned with respect to lower metal 
feature 60 Such that the bottom of via hole 75 is formed 
partly on an upper Surface of metal line 60 and partly on an 
upper surface of dielectric barrier layer 31 strategically 
preventing spiking. Thus, via hole 75 is offset from a side 
surface of metal feature 60 by distance “M” which would 
exceed the distance required for fulling landing on lower 
metal feature 60. 

0027) A dielectric barrier layer 80, as shown in FIG. 8, is 
then deposited to line the dual damascene opening and on 
the upper surface of dielectric layer 74, with rounded corners 
80A. Dielectric layer 80 comprises a dielectric material 
which is different from the dielectric material employed for 
dielectric barrier layer 74, dielectric barrier layer 72 and 
dielectric barrier layer 31, such that dielectric barrier layers 
74, 72 and 31 function as etch stop layers during formation 
of the dielectric liner for the dual damascene opening. 
Anisotropic etching is then conducted to remove a portion of 
the dielectric layer 80 from the upper surface of dielectric 
barrier layer 74, from the upper surface of exposed portion 
of dielectric barrier layer 72 between via hole 75 and trench 
76, and to remove the portion of dielectric layer 80 from the 
bottom of via hole 75. The resulting structure is shown in 
FIG. 9 and also comprises a slight gap 90A between the 
upper surface of the dielectric liner 90 formed on the side 
surfaces of dielectric layer 71 and the upper surface of 
dielectric barrier layer 72, and a slight gap 91A between the 
upper surface of dielectric liner 91 and the upper surface of 
dielectric barrier layer 74, e.g., at about 50 A to about 500 
A. The dual damascene opening is then filled with a metal, 
such as Cu, and CMP is then conducted so that the upper 
surface of the deposited metal 100 is substantially coplanar 



US 2007/0035.025 A1 

with the upper surface of barrier layer 74. Another dielectric 
barrier layer or capping layer 101 is then deposited to 
encapsulate the metallization 100 which comprises metal 
line 100B connected to via 100A electrically connected to 
lower metal feature 60. In implementing Cu metallization, a 
barrier layer and seedlayer are deposited. 
0028 Advantageously, semiconductor devices formed in 
accordance with embodiments of the present invention con 
tain highly reliable interconnection patterns exhibiting 
reduced electromigration, reduced parasitic capacitance and 
reduced contact resistance. The use of a dielectric barrier 
layer enables uniform step coverage and provides greater 
tolerance for misalignment. 
0029. The present invention enjoys industrial applicabil 
ity in manufacturing various types of semiconductor 
devices. The present invention is particularly applicable in 
manufacturing semiconductor devices with high circuit 
speeds having design features in the deep Sub-micron 
regime. 
0030. In the preceding detailed description, the present 
invention is described with reference to specifically exem 
plary embodiments thereof. It will, however, be evident that 
various modifications and changes may be made thereto 
without departing from the broader spirit and scope of the 
present invention, as set forth in the claims. The specifica 
tion and drawings are, accordingly, to be regarded as illus 
trative and not restrictive. It is understood that the present 
invention is capable of using various other combinations and 
environments and is capable of changes or modifications 
within the Scope of the inventive concept as expressed 
herein. 

1-12. (canceled) 
13. A semiconductor device comprising: 
a lower metal feature, comprising copper (Cu) or a Cu 

alloy, formed in an opening defined by side Surfaces of 
a first dielectric layer having a first barrier layer, 
comprising a first dielectric barrier material, thereon; 

a first barrier liner, comprising a second dielectric barrier 
material different from the first dielectric barrier mate 
rial, on the side surfaces of the first dielectric layer 
between the lower metal feature and the first dielectric 
layer, the first barrier liner having an upper Surface 
extending to a distance below an upper Surface of the 
first dielectric layer. 

14. The semiconductor device according to claim 13, 
wherein the distance between the upper surface of the first 
barrier liner and the upper surface of the first barrier layer is 
about 25 A to about 200 A. 

15. The semiconductor device according to claim 13, 
further comprising: 

a second barrier layer, comprising a third dielectric barrier 
material different from the first dielectric barrier mate 
rial, on the first barrier layer overlying the first dielec 
tric layer, and 

a dual damascene structure formed on and electrically 
connected to the lower metal feature, the dual dama 
Scene structure comprising: 

a second dielectric layer on the second barrier layer; 
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a third barrier layer, comprising a fourth dielectric barrier 
material, on the second dielectric layer, 

a third dielectric layer on the third barrier layer; 
a fourth barrier layer, comprising a fifth dielectric barrier 

layer material, on the third dielectric layer; 
a dual damascene opening comprising a trench, defined 
by side surfaces of the third dielectric layer, connected 
to a via hole, defined by side surfaces of the second 
dielectric layer and a bottom on at least a portion of the 
upper surface of the lower metal feature: 

a second barrier liner, comprising a sixth dielectric barrier 
material different from the first, fourth and fifth dielec 
tric barrier materials, on the side surfaces of the second 
dielectric layer defining the via hole and on the side 
surfaces of the third dielectric layer defining the trench; 
and 

Cu or a Cu alloy filling the dual damascene opening and 
forming a Cu or Cu alloy line in the third dielectric 
layer connected to a via in the second dielectric layer 
which, in turn, is electrically connected to the lower 
metal feature. 

16. The semiconductor device according to claim 15, 
wherein: 

an upper surface of the second barrier liner on the side 
surfaces of the second dielectric layer extends to a 
distance below the upper surface of the third barrier 
layer; and 

an upper surface of the second barrier liner on the side 
surfaces of the third dielectric layer extends to a 
distance below the upper surface of the fourth barrier 
layer. 

17. The semiconductor device according to claim 16, 
wherein: 

the distance between the upper surface of the second 
barrier liner on the side surfaces of the second dielectric 
layer and the upper surface of the third barrier layer is 
about 25 A to about 200 A; and 

the distance between the upper surface of the second 
barrier liner on the side surfaces of the third dielectric 
layer and the upper surface of the fourth barrier layer is 
about 25 A to about 200 A. 

18. The semiconductor device according to claim 15, 
wherein the dual damascene opening is misaligned with 
respect to the lower metal feature such that the bottom of the 
via hole is on a portion of the upper surface of the lower 
metal feature and on a portion of an upper Surface of the first 
barrier layer. 

19. The semiconductor device according to claim 15, 
wherein the first and second barrier liners and the first, 
second, third and fourth barrier layers each have a thickness 
of about 50 A to about 500 A. 

20. The semiconductor device according to claim 15, 
wherein the first, second, third, fourth, fifth and sixth dielec 
tric barrier materials are selected from the group consisting 
of silicon nitride, silicon carbide and silicon oxynitride. 

21.-26. (canceled) 
27. A semiconductor device comprising: 
a single first dielectric layer overlying a Substrate; 
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a first barrier layer, comprising a first dielectric barrier 
material, on the single first dielectric layer with an 
interface therebetween, 

a single opening entirely within and defined by side 
surfaces of the single first dielectric layer and a bottom; 

a second barrier layer, comprising a second dielectric 
barrier material different from the first dielectric barrier 
material, lining the side Surfaces of the single first 
dielectric layer defining the single opening forming a 
first barrier liner; and 

a conductive material filling the single opening. 
28. The semiconductor device according to claim 27, 

wherein the second barrier layer is not formed on the bottom 
of the single opening. 

29. The semiconductor device according to claim 28, 
wherein the bottom of the single opening overlies a con 
ductive feature. 

30. The semiconductor device according to claim 29, 
wherein the conductive material is in electrical contact with 
the conductive feature. 

31. The semiconductor device according to claim 27, 
wherein the first and second dielectric barrier materials are 
selected from the group consisting of silicon nitride, silicon 
oxynitride and silicon carbide. 

32. The semiconductor device according to claim 27, 
wherein each of the first and second barrier layers has a 
thickness of about 50 A to about 500 A. 

33. The semiconductor device according to claim 27, 
wherein the conductive material comprises a metal. 

34. The semiconductor device according to claim 33, 
wherein the metal comprises copper (Cu) or a Cu alloy. 

35. The semiconductor device according to claim 27, 
wherein, the first barrier liner has an upper Surface extending 
to a distance below an upper surface of the first dielectric 
layer. 

36. The semiconductor device according to claim 35, 
wherein the distance between the upper surface of the first 
barrier liner and the upper surface of the first barrier layer is 
about 25 A to about 200 A. 

37. The semiconductor device according to claim 27, 
wherein the filled opening comprises a lower metal feature, 
the semiconductor device further comprising: 

a second barrier layer, comprising a third dielectric barrier 
material different from the first dielectric barrier mate 
rial, on the first barrier layer overlying the first dielec 
tric layer, and 
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a dual damascene structure formed on and electrically 
connected to the lower metal feature, the dual dama 
Scene structure comprising: 

a second dielectric layer on the second barrier layer; 

a third barrier layer, comprising a fourth dielectric 
barrier material, on the second dielectric layer; 

a third dielectric layer on the third barrier layer; 

a fourth barrier layer, comprising a fifth dielectric 
barrier layer material, on the third dielectric layer; 

a dual damascene opening comprising a trench, defined 
by side surfaces of the third dielectric layer, con 
nected to a via hole, defined by side surfaces of the 
second dielectric layer and a bottom on at least a 
portion of the upper surface of the lower metal 
feature; 

a second barrier liner, comprising a sixth dielectric 
barrier material different from the first, fourth and 
fifth dielectric barrier materials, on the side surfaces 
of the second dielectric layer defining the via hole 
and on the side surfaces of the third dielectric layer 
defining the trench; and 

Cuora Cu alloy filling the dual damascene opening and 
forming a Cu or Cu alloy line in the third dielectric 
layer connected to a via in the second dielectric layer 
which, in turn, is electrically connected to the lower 
metal feature. 

38. The semiconductor device according to claim 37, 
wherein: 

an upper surface of the second barrier liner on the side 
surfaces of the second dielectric layer extends to a 
distance below the upper surface of the third barrier 
layer; and 

an upper surface of the second barrier liner on the side 
surfaces of the third dielectric layer extends to a 
distance below the upper surface of the fourth barrier 
layer. 


