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Diffusion barrier layer is required during copper metalliza 
tion in IC processing to prevent Cu from diffusion into the 
contacting silicon material and reacting to form copper sili 
cide, which consumes Cu and deteriorates electrical conduc 
tion. With decreasing feature sizes of IC devices, such as 
those smaller than 90 nano-meter (nm), the thickness of dif 
fusion barrier layer must be thinner than 10 nm. For example, 
a thickness of 2 nm will be called for at the feature size 27 nm. 
Disclosed in the present invention is ultra-thin barrier mate 
rials and structures based on tantalum silicon carbide, and its 
composite with another metallic layer Ru film. The retarding 
temperature, by which no evidence of copper diffusion can be 
identified, is 600-850° C. depending on thickness, composi 
tion and film structure, at a thickness 1.6-5 nm. 
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ULTRA-THN DIFFUSION-BARRER LAYER 
FOR CUMETALLIZATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the priority benefit of Tai 
wan Patent Application Serial Number 09711 1990, filed Apr. 
2, 2008, the full disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to a diffu 
sion barrier for copper metallization of semiconductor. More 
specifically, the diffusion barrier composes of elements 
selected from tantalum, silicon, carbon, and ruthenium. The 
barrier structure comprises the stacking sandwich of Si/Ta— 
Si-C/Cu or Si/Ta-Si-C/Ru/Cu with the optimization of 
composition and layer thickness. 
0004 2. Description of the Related Art 
0005. As the feature size of electronic devices in inte 
grated circuit (IC) technology is continuously scaling downto 
less than 0.18 micrometer (Lm), traditional aluminum inter 
connection has failed to meet the requirements. Copper has 
been used to replace aluminum for deep Sub-micron devices 
due to its lower electrical resistivity and better resistance to 
electro-migration when copper is compared with those of 
aluminum. However, the copper tends to form intermetallic 
compounds between Si and Cu, specifically at high process 
ing temperatures. This leads to consumption of the copper 
and increase of electrical resistivity and eventually deterio 
rates the performance of devices. Thus, it is essential to seek 
for suitable diffusion barrier materials which keep silicon 
from direct contact with copper. This barrier is a layer and 
should be thin, low resistivity, substantially non-reacting with 
both silicon (Si) and copper (Cu), and capable of retarding Cu 
penetration. This is particularly true at ever-decreasing fea 
ture-size in ultra large scale integration (ULSI) processing 
technology, which calls for a thinner and thinner barrier thick 
CSS. 

0006. According to the predication of International Tech 
nology Roadmap for Semiconductor (ITRS), trench width, 
barrier thickness and via resistivity are shown in Table I as 
below. In 2016, the barrier thickness will be reduced eventu 
ally to 2 nano-meter (nm) for a trench width of 27 nm of 
technology node. 

TABLE I 

Technology nodes for trench width, barrier thickness and via 
resistivity as stated by the ITRS. 

Year of production: 

2004 2007 2010 2013 2016 2018 

Trench width 107 76 S4 38 27 21 
(nm) 
Barrier thickness 8 S.6 4 2.8 2 1.6 
(nm) 
Via resistivity O.09 O.OS O.O32 0.016 O.OO76 O.OOS 
(IS2 m) 

0007. However, the diffusion barriers at such a thin thick 
ness yet required to simultaneously maintain properties like 
low resistivity, highly thermal stability and high failure tem 
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perature are extremely difficult. The conventionally used Ta 
and TaN diffusion barriers failed to satisfy the strict chal 
lenges. In fact, most binary Ta-based barriers at the limited 
thickness face premature failure at a relatively low tempera 
ture, such as below 500° C. This is due to their columnar 
structure and the formation of crystalline Ta-silicides. Explo 
ration ofternary diffusion barriers with high thermal stability 
at a thin thickness Smaller than 10 nm has been rigorously 
involved. Highly thermal-stable ternary diffusion barriers, 
such as TaSiN, TaGeN, TiAlN, and WGeN, were thus pro 
posed for the prevention of Cupenetration. Other alternatives 
to tackle this problem were proposed to use bi-layer Such as 
Ru/TaN with a total thickness of 10 nm being stable up to 
750° C. for 1 minute, and tri-layer such as TiN(5 nm)/Al(2 
nm)/TiN(10 nm) with a total thickness over 17 nm being 
stable up to 700° C. for 30 minutes. The thinnest mono-layer 
barrier known to current inventors is the report of a 5-nm 
thick Rustable up to 300° C. for 10 minutes. However, precise 
control of nitrogen content internary nitride films during film 
deposition is quite difficult. A Substantial change in film com 
position and electrical properties will be resulted from a tiny 
variation in partial pressure of nitrogen thus nitrogen content 
in the film. This increases the complexity of IC processing 
control. According to the research by T. S. Chin et al. the 
resistivity of diffusion barrier suddenly arises from 0.15 to 
1.21 S2-cm at a slight difference in nitrogen concentration 
from 50.7% to 52.8%. Carbon is a solid refractory element 
and is used in this invention to Substitute nitrogen. This leads 
to a group of ternary Ta-Sicarbides with electrical properties 
and thermal stability controllable by film composition and 
thickness. And the Ta, Si and C elements have been routinely 
adopted in nowadays ULSI technologies; the Ta-Si-C 
layer should be highly compatible with IC processing tech 
nology. 
0008. In the related patents, Lexmark Inc. has disclosed 
Some Ta-based materials (including Ta-Si-C) as a resistive 
heater in inject printer. The resistive heaters designed in vari 
ous sizes and dimensions were capable of obtaining different 
heating efficiency. D. H. Triyoso et al proposed a Ta—Si-C 
layer for an inserted-layer in the metal gate of IC devices by 
atomic layer deposition (ALD). The transient layer 
TaoSiCs is capable of enhancing thermal stability of metal 
gate and reducing leakage current when Ta-Si-C is still in 
amorphous state with excellent thermal stability to withstand 
1000° C. post-annealing. Comparing Ta Si C materials 
used in our invention with those used in the two prior arts, the 
composition is obviously not the same. And their use as the 
diffusion barrier for Cu metallization was not taught in the 
prior arts. 

SUMMARY OF THE INVENTION 

0009. The goal of the present invention is to develop ultra 
thin Ta Si C films and the layer structure thereof as a 
diffusion barrier for the Cu metallization of semiconductor 
devices, wherein Ta—Si-C was sandwiched between metal 
lic Culayer and Simaterial. The Ta-Si-C is used to prevent 
Cu atom from diffusing to Simaterials. The other goal of our 
invention is to develop the composite diffusion barrier for the 
Cu metallization of semiconductor devices, wherein the com 
posite diffusion barrier is composed of an ultra-thin 
Ta Si C film and a metallic ruthenium (Ru). The Rulayer 
is positioned between metallic Cu and Ta-Si-C film into a 
sandwiched structure. The composite diffusion barrier of 
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Ru/Ta—Si-C is used to retard Cu diffusion into Simaterial 
and reduce the total electrical resistivity of diffusion barrier. 
0010. In order to realize the previously stated goals, we 
also performed examples simulating Cu metallization of 
semiconductor processing technology. These were done by 
providing sandwiched structures, which included a layer of 
copper thin film, a layer of Ta Si C diffusion barrier, and 
Simaterials. The diffusion barrier Ta Si C was positioned 
between metallic Cu and Simaterials. Alternatively, an extra 
Ru layer was inserted between Cu and the Ta Si C layer. 
The composition of Ta-Si-C diffusion barrier is expressed 
as Ta(SiC), wherey, Z, and m represent the atomic ratio for 
each element of Ta, Si and C. The atomic ratio of y, z, and m 
needs to obey the following relationships and limitations: 

0.72m22.5, 

0011. However, Ta-Si-C thin film will easily take up 
the fourth element (i.e. oxygen) from the Vacuum or ambient 
environment during preparation procedures of Cu metalliza 
tion in semiconductor processing, wherein the oxygen incor 
poration in the thin film is positive to the diffusion barrier 
performance to prevent Cu diffusion at higher temperatures. 
For one other example, the diffusion barrier is comprised of 
an extra metallic Ru thin film, which was introduced in 
between Ta-Si-C thin film and Cuthin film. In our inven 
tion ultra-thin diffusion barrier materials were disclosed by a 
single layer ofternary Ta-Si-C and two layers of compos 
ite Ru?Ta—Si C, respectively, which both show high ther 
mal stability to sustain high annealing treatment at 600-850° 
C., depending on the thickness, composition, and structure of 
the barrier. The proposed material systems have benefits in 
high compatibility with current semiconductor processing 
and are simple to prepare. Besides, Ta-Si-C and Ru?Ta— 
Si–C diffusion barriers, with a thickness 1.6 nm and thicker, 
can Sustain well the blocking ability to Cu penetration at 
higher temperatures and the avoidance of forming copper 
silicides, which are detrimental to the performance of 
devices. The foregoing, as well as additional objectives, fea 
tures and advantages of the invention will be more readily 
apparent from the following detailed description, which pro 
ceeds with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1a is a schematic cross-sectional view of a 
sandwiched structure of Ta—Si-C diffusion barrier accord 
ing to an embodiment of the present invention, wherein the 
sandwiched structure is prepared by CVD or PVD in IC 
technology, and the sandwich structure 100, the metallic Cu 
thin film 110, silicon material 120, the diffusion barrier layer 
130 and the Ta-Si-C material 132 are shown. 

0013 FIG. 1b is a schematic cross-sectional view of a 
sandwiched structure of composite Ru?Ta—Si–C diffusion 
barrier according to another embodiment of the present 
invention, wherein Ru is also prepared by CVD or PVD, and 
positioned between Cu and Ta-Si-C, and a metallic Ru 
film 134 is shown. 

0014 FIG. 2 shows X-ray diffraction patterns of the 
Ta—Si–C diffusion-barrier with different compositions 
after post-annealing at 800° C. for 30 minutes. 
0015 FIG.3 shows electrical resistivity of Ta-Si-Cthin 
films with different compositions. 
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0016 FIG. 4 shows the change in room temperature sheet 
resistance of 5 nm thick sandwich structures: (a) Si/Ta(Sio. 
6Coa)s/Cu (b) Si/Ta(Sios Cos)2/Cu (C) Si/Ta(Siolo,Colos) 
9/Cu after annealing for 1 minute at temperature shown on 
abscissa. 
(0017 FIG.5 shows X-ray diffraction patterns of Si/Ta(Si, 
5Cos)/Cu thin film after annealing at temperatures shown. 
0018 FIG. 6 shows the change in room temperature sheet 
resistance of 2 nm thick Ta-Si-C films, with composition 
shown on each curve, after annealing for 1 minute at the 
temperature shown on abscissa. 
0019 FIG. 7 shows the change in room temperature sheet 
resistance of composite diffusion layer with the sandwiched 
structures: (a) Si/Ta(SiC)/Ru/Cu (b) Si/Ta(SiCos) 
/Ru?Cu after annealing for 1 minute at the temperature 
shown on abscissa, wherein both thickness of Ru and 
Ta—Si C is well-controlled at 1 nm. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0020 FIG. 1a shows the schematic sandwiched structure 
100 for copper (Cu) metallization of semiconductor devices 
according to an embodiment of the present invention. The 
sandwiched structure 100 includes a metallic Cu thin film 
110, a silicon (Si) material 120, and a diffusion barrier layer 
130. The diffusion barrier layer 130 is positioned in between 
the metallic Cu thin film 110 and the Si material 120 and 
includes a Ta Si C thin film 132, wherein Ta and C repre 
sent tantalum and carbon respectively. Such a sandwich struc 
ture is used to prevent Cu atoms in metallic Cuthin film (110) 
from diffusing to the Simaterial 120, wherein the Simaterial 
120 can be Si wafer or Si-based films used in IC devices. 
0021. In order to examine the performances of the 
Ta Si Cthin film 132 in thermal stability and the ability of 
retarding Cu diffusion at high temperatures, the designed 
material of the Ta Si C thin film 132 is a Ta(SiC), 
which was composed of Ta, Si, and C, wherein y, Z and m 
represent the atomic ratio for each element of Ta, Si and C and 
obey the following relationships and limitations: 

0.72m22.5, 

(0022. The Ta-Si-Cthin film 132 can be prepared by the 
methods of chemical vapor deposition (CVD) and physical 
vapor deposition (PVD) known to one who is skilled in this 
art. In the embodiments in present invention Ta Si C thin 
film 132 was prepared by dual-targets magnetron co-sputter 
ing technique of PVD method. The Ta Si C thin film 132 
was deposited onto the cleaned Simaterial 120 by applying 
various powers (Watt) to a TaSi target (radio-frequency (RF) 
power Supply) and a carbon target (direct-current (DC) power 
supply), respectively; at low pressure, 10 Torr-10 Torr. 
The choice of sputtering power of the respective target deter 
mined composition and thickness (Such as 5 nm, 2 nm, and 
1.6 nm, respectively) of the diffusion barrier layer 130. 
0023. In FIG. 1b, for another embodiment, the diffusion 
barrier layer 130 further includes a metallic Ruthin film 134, 
wherein Ru represents ruthenium. The metallic Ruthin film 
134 is positioned between the Ta-Si-C thin film 132 and 
the metallic Cuthin film 110. The metallic Ru thin film 134 
here was designed to reduce electrical resistivity in order to 
enhance thermal stability of the diffusion barrier layer 130. 
For example, the Ruthin film 134 having a thickness of 1 nm 
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was deposited onto the Ta Si C thin film 132 having a 
thickness of 1 nm by the method of DC or RF sputtering. 
0024. The thickness of thin films deposited at different 
sputtering powers was measured by the C-stepper. And then 
film thickness versus sputtering power was established. The 
designated thickness of diffusion barrier layer and its com 
position can be tuned by different sputtering power of the 
respective TaSi and carbon targets. After analysis by using 
high resolution transmission electron microscope, the result 
ant thickness was found to be controlled within +5% accu 
racy. 

0025. The metallic Cu thin film 110 was also able to be 
prepared by the methods of CVD, PVD or electro-plating. In 
the embodiments, the metallic Cuthin film 110 with 100 nm. 
thickness was deposited onto the Ta Si C thin film 132 
and the metallic Ru thin film 134, such that sandwiched 
structures of Si/Ta(SiC)/Cu or Si/Ta(SiC)/Ru?Cu were 
formed, as seen in FIG. 1a and FIG. 1b. 
0026. After preparation, the sandwiched structure 100 was 
rapidly heated from room temperature to a high temperature 
for a period of time. Subsequently, electrical resistivity of 
post-annealed sandwiched structure was detected by measur 
ing the sheet resistance at room temperature, using a four 
point probe method. When the value of sheet resistance pre 
cipitously increases after heating at a certain temperature, it 
represented that the metallic Cuthin film 110 has diffused to 
cross the diffusion barrier layer 130 toward the Si material 
120 at that heating temperature. This is a result of the forma 
tion of copper silicides. It means that diffusion barrier layer 
has been failed in preventing diffusion of Cu. X-ray diffrac 
tion (XRD) was used to identify possible formation of copper 
silicide and other crystalline phases. The composition of the 
diffusion barriers layer was analyzed on films purposely 
deposited to a thickness larger than 1 um prepared under the 
same conditions using a field-emission electron probe X-ray 
microanalyzer (FE-EPMA). Table II shows the atomic com 
position of Ta Si C thin films 132. 

TABLE II 

The atomic composition of Ta-Si-C thin films at different sputtering 
powers of carbon target, measured by FE-EPMA. 

Power of C target 
(Watt) Si (at.%) Ta (at.%) C (at.%) Chemical formula 

O 63 34 2.1 Ta(Sio97Co03).9 
1OO 37 39 24 Ta(Sio.6Co.4)1.5 
2OO 33 33 34 Ta(SiosCos)2 

0027. The embodiments and characteristics of diffusion 
barrier layer are showing in the following examples: 

EXAMPLE1 

Properties of TaSi Thin Film With or Without Carbon Addi 
tion 

0028. As shown in Table II, analyzed composition of as 
deposited thin film using single target TaSi (without carbon 
addition) shows that a ratio of Si to Tais 1.9, slightly deviated 
from that of target (which has a Si/Taratio 2). It contains a 
subtle amount of carbon, 2.1 at.% by analysis. The resultant 
atomic ratio between Ta, Si, and C is Ta(Sico,Colos). The 
existence of carbon in the as-deposited Ta-Si film comes from 
the carbon-containing sputtering system. By tuning the power 
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of carbon target, Ta-Si-C films with different carbon con 
tents could be attained, as depicted in Table II. 
(0029 FIG. 2 shows X-ray diffraction patterns for the 
Ta(Sio97Colos). Ta(SiogCo.4), is and Ta(Sios Cos)2 films 
after annealing at 800° C. for 30 minutes. There appear dif 
fraction peaks identifiable as TaSiphase in annealed Ta(Sio. 
97Coo) film whereincarbon was not purposely added. This 
depicts that thermal stability of Ta(Sico,Colos) film is lower 
than 800° C., so that crystallization occurs. However, thermal 
stability of Ta(SiCo).s film (with carbon content 24 at.%. 
Table II) and Ta(SiCos) film (with carbon content 34 at. 
%) are much improved since the structure remains mainly 
amorphous similar to that of as-deposited one. 
0030. In FIG. 3, electric resistivity of Ta-Si-C thin 
films increased with increasing carbon content. The measured 
electrical resistivity is smaller than 700 LC2-cm when carbon 
content is less than 30 at.%; and it is less than 1000 uS2-cm in 
the whole composition range of our other studies. 

EXAMPLE 2 

0031. The performance of 5-nm-thick single-layer 
Ta Si C diffusion barrier layers In this example, 
Ta—Si C thin films at a well-controlled thickness of 5 nm. 
with different compositions were sandwiched between the 
metallic Cuthin film and the silicon material and annealed at 
high temperatures. FIG. 4 shows the change in sheet resis 
tance of Si/Ta-Si-C/Cusandwich structure after annealing 
for 1 minute at different temperatures. Curve (a) from Si/Ta 
(SioCo).5/Cu exhibits a stable and smooth curve after 
annealing at 700° C. and below. However, the sheet resistance 
gradually increases starting at 750°C. This reveals that Si/Ta 
(SiC).5/Cu is able to retard Cu diffusion up to 700° C. 
For curve (b), Si/Ta(SiC)/Cu thin film is stable after 
annealing at 750° C. and below. The sheet resistance abruptly 
increases at 750°C. It was analyzed and proved that a portion 
of Cu atom has diffused through the diffusion barriers Si/Ta 
(SiCo) s/Cu and Si/Ta(SiCos)/Cu at 700 and 750°C., 
respectively. The diffused Cu reacts with Simaterial to form 
crystalline copper silicide and causes the rise in sheet resis 
tance. The more the silicide forms the higher is the resistance 
rise. Curve (c) from that of Si/Ta(Sico,Colos) of Cu, which is 
in fact without carbon addition, the sheet resistance is raised 
after annealing at a relatively low temperature (400° C.). FIG. 
5 shows XRD patterns of Si/Ta(SiCo) s/Cu sandwich 
structure annealed at different temperatures for 1 minute. We 
can observe there are two obvious tendencies in peak evolu 
tion of Cu(111) and (200) below or beyond 700° C. For the 
diffractions Cu(111) and (200), the intensity increases with 
increasing annealing temperature, when annealing tempera 
ture is below 700° C. This is due to the grain growth of Cu. 
However, they start to decrease at 750°C. It means that Cu has 
begun to diffuse into and crossed diffusion barrier layer 
toward the Simaterial and reacted therewith. The results are 
much conformable to the results in FIG. 4. 

EXAMPLE 3 

0032. The performance of 1.6 to 2 nm Ta-Si-C single 
layer diffusion barrier layers In this example, Ta-Si-C thin 
films at a well-controlled thickness of 1.6 nm or 2 nm with 
different compositions were sandwiched between the metal 
lic Cuthin film and the silicon material and annealed at high 
temperatures. The failure temperature, which is inspected by 
the temperature when a Sudden rise of sheet resistance is 
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observed, of the sandwich structures Si/Ta(SiCo) (2 
nm)/Cu and Si/Ta(SiCos) (2 nm)/Cu was identified to be 
600 and 650° C., respectively, as shown in FIG. 6. These 
temperatures (6.00 and 650° C.) are higher than the process 
ing temperature of back-end of line (BEOL) processes in IC 
industry, 450° C. Therefore, the single layer Ta(SiC) 
and Ta(Sio Cos) at the thickness 2 nm will be qualified to 
meet the requirement of 27 nm technology node in 2016. 
0033. From our studies on the Ta-Si-C layer 1.6 mm 
thickness, we found that the sandwich structure layered Si/Ta 
(SiC), (1.6 nm)/Cu is able to inhibit Cu diffusion at 600° 
C. for 1 minute. 

EXAMPLE 4 

0034. The performance of composite diffusion barrier 
layer with the metallic Ruthin film and the Ta-Si-C thin 
film having a thickness of 1 nm, respectively: 
0035. In this example, a composite diffusion barrier layer 
consisting of the metallic Ruthin film (either polycrystalline 
or amorphous structure) and the Ta-Si-C thin film, 
wherein the composite diffusion barrier layer is sandwiched 
between the metallic Cuthin film and the silicon material and 
annealed at high temperatures. FIG. 7 shows the change in 
sheet resistance after annealing for the sandwich structure 
Si/TaSi-C (a thickness of 1 nm)/Ru (a thickness of 1 nm)/Cu, 
wherein the Ta Si C thin film has different compositions. 
It is manifest that both sandwich structures withstanda failure 
temperature 675°C., irrespective of the two Ta-Si-C com 
positions This is remarkable. Since metallic Ru is immiscible 
to Cu, its use as diffusion barrier layer benefits in preventing 
Cu diffusion at high temperatures. Besides, metallic Ru also 
brings the advantages of (1) low electrical resistivity (17 
uS2-cm for bulk Ru) and (2) excellent adhesion as a buffer 
layer between Cu and diffusion barrier layer. Accordingly, the 
insertion of an additional Ru film, even at a thickness 1 nm, is 
able to not only improve electrical property of Ta Si C 
film but also enhance the adhesion between Cu and 
Ta—Si-C thin film. 
0036. From our other studies on the performance of com 
posite diffusion barrier layer with different thickness, as the 
thickness of composite Ta Si C/Ruthin film is reduced to 
1.6 nm, it is still able to prevent Cu diffusion at 650° C. for 1 
minute. This is true for the thickness of either Ta—Si-C or 
Ru to be within the range 0.6 to 1.0 nm, and for the studied 
compositions of Ta(SioCo) is and Ta(Sio-Cos). 

EXAMPLE 5 

0037. In this example, performances of the diffusion bar 
rier layer, Ta(SiC), films, with various compositions by 
tuning values of y, z, m were explored. We found that at values 
of lower m (that is 0.7-m-1.4) and higher y/Z (that is 3sy/ 
Z-9), the thin films shows greatly reduced electrical resistiv 
ity. This is due to the increase of Ta content and decreased 
carbon content. For example, as the value of m is reduced 
from 2 to 0.9, electrical resistivity of Ta Si C thin film is 
reduced from 660 to 200 L.2-cm, depending on the value of 
y/Z. On the contrary, increasing the value of m (that is 
1.4sm-2.1) and decreasing y/Z (that is 0.9ky/Z<3), the fail 
ure temperature can be increased due to decreased Ta content 
and increased carbon content. For example, as the value ofm 
is increased from 1.5 to 2 and y/Z is reduced from 1.5 to 1.0 
(reference to example 3), the failure temperature of 2 nm 
single Ta—Si–C diffusion barrier layer is enhanced from 
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600° C. to 650° C. Therefore, the composition of Ta-Si-C 
thin film for different purposes can be well optimized accord 
ing to the requirements of device characteristics in real case. 
Accordingly, those who fully understand the previously 
stated techniques can easily obtain high adhesion and high 
failure temperature diffusion barrier layers (0.6-1 nm Ru/0.6 
nm -1 nm Ta-Si-C) with various compositions of 
Ta-Si-C, by referring to previously stated examples and 
descriptions of embodiments. 
0038. In our invention, the ultra-thin diffusion barrier 
materials were disclosed of single-layer ternary Ta-Si-C 
and by composite layers of Ru?Ta Si C, respectively, both 
of which can Sustain high annealing treatment at around 
600-850° C. with highly thermal stability, depending on the 
thickness, composition, and structure of diffusion barrier 
layer. These proposed material systems disclosed herewith 
have benefits being highly compatible with current semicon 
ductor processing, and they are simple to prepare. Besides, 
Ta Si C and Ru/Ta—Si–C diffusion barrier layers, with 
the total thickness over 1.6 nm, can Sustain the high process 
ing temperature with goodblocking ability in preventing Cu 
from diffusion through at higher temperatures and inhibit the 
formation of copper silicides. 
0039 Besides, our invention is an innovation using solid C 
to replace state-of-the-art gaseous in forming amorphous Ta 
or Ta-Si compounds. The replacement by solid C is able to 
reduce the complexity of formation processes and easy tuning 
in composition to tradeoff performance of the diffusion bar 
rier layer. According to the invented composition range in 
these new materials, a series of systematical studies have 
performed to demonstrate their ability, at an extremely thin 
thickness, to Sustain stability of amorphous phase at high 
temperatures (higher than 600° C.) whereas to retard copper 
atom from diffusion through. Such diffusion barrier layers 
meet the requirements of Cu metallization for a trench width 
of 27 nm and Smaller of technology node. 
0040. The composition, structure and technologies dis 
closed in the embodiment(s) of this invention are to exemplify 
performances of Ta-Si-C and Ru inserted Ta-Si-C dif 
fusion barrier layers, at an extreme thickness of 1.6 nm to 5 
nm. It will be appreciated by those skilled in the art that 
changes could be made to the embodiment(s) described above 
without departing from the broad inventive concept thereof. It 
is understood, therefore, that this invention is not limited to 
the particular embodiment(s) disclosed, but it is intended to 
cover modifications within the spirit and scope of present 
inventions as defined by the appended claims. Although the 
invention has been explained in relation to its preferred 
embodiment, it is not used to limit the invention. It is to be 
understood that many other possible modifications and varia 
tions can be made by those skilled in the art without departing 
from the spirit and scope of the invention as hereinafter 
claimed. 

What is claimed is: 
1. A diffusion barrier layer applied in copper metallization 

of semiconductor device processing technology, the diffusion 
barrier layer comprising a Ta-Si-C thin film comprising 
three elements of tantalum (Ta), silicon (Si), and carbon (C) 
and expressed as Ta(SiC), whereiny, Z, and m represent the 
atomic ratio for each element and obey the following limita 
tions: 

0.72m22.5, 
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2. The diffusion barrier layer as claimed in claim 1, 
wherein the Ta Si C thin film is amorphous in structure. 

3. The diffusion barrier layer as claimed in claim 1, 
wherein the diffusion barrier layer is able to retard copper 
atom from diffusion at a temperature at least 600° C. for 1 
minute without any failure. 

4. The diffusion barrier layer as claimed in claim 1, 
wherein the electrical resistivity is not more than 1000 LC2 
C. 

5. The diffusion barrier layer as claimed in claim 1, 
wherein 1.4sm-2.1, 0.9-y/zz3. 

6. The diffusion barrier layer as claimed in claim 1, 
wherein 0.7-m-1.4, 3sy/Z-9. 

7. The diffusion barrier layer as claimed in claim 1, 
wherein the Ta Si C thin film further comprise a fourth 
element: oxygen. 

8. The diffusion barrier layer as claimed in claim 1, 
wherein the Ta-Si-C films are prepared by one method 
chosen from one of chemical vapor deposition and physical 
vapor deposition. 

9. The diffusion barrier layer as claimed in claim 1, 
wherein the thickness of the Ta—Si–C thin film is not less 
than 1.6 mm. 

10. A composite diffusion barrier layer applied in copper 
metallization of semiconductor device processing technol 
ogy, the composite diffusion barrier layer comprising a 
Ta Si C thin film and a metallic ruthenium (Ru) thin film 
deposited on the Ta-Si-C film, the Ta Si C thin film 
comprising three elements of tantalum (Ta), silicon (Si), and 
carbon (C) and expressed as Ta(SiC), whereiny, Z, and m 
represent the atomic ratio for each element and obey the 
following limitations: 

0.72m22.5, 

11. The composite diffusion barrier layer as claimed in 
claim 10, wherein the metallic Ruthin film is in either poly 
crystalline or amorphous structure. 

12. The composite diffusion barrier layer as claimed in 
claim 10, wherein the diffusion barrier layer is able to retard 
copper from diffusion through at a temperature at least 650 
C. for 1 minute without any failure. 

13. The composite diffusion barrier layer as claimed in 
claim 10, wherein the diffusion barrier layer comprising 
metallic Ruthin film and the Ta Si C thin film having an 
electrical resistivity smaller than that of the diffusion barrier 
layer comprising the single Ta-Si-C thin film. 

14. The composite diffusion barrier layer as claimed in 
claim 10, wherein metallic Ru thin film is prepared by one 
method chosen from one of chemical vapor deposition and 
physical vapor deposition. 
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15. The composite diffusion barrier layer as claimed in 
claim 10, wherein the thickness of the Ta—Si–C thin film is 
not less than 1.6 mm. 

16. A sandwiched structure applied in Cu metallization of 
semiconductor device processing technology, the sand 
wiched structure comprising: 

a metallic Cuthin film and a Simaterial; and 
a diffusion barrier layer disposed between the metallic Cu 

thin film and the Si material, and comprising a 
Ta-Si-C thin film comprising three elements of tan 
talum (Ta), silicon (Si), and carbon (C) and expressed as 
Ta(SiC), wherein y, z, and m represent the atomic 
ratio for each element and obey the following limita 
tions: 

0.72m22.5, 

17. The sandwiched structure as claimed in claim 16, 
wherein diffusion barrier layer is able to retard copper atom 
from diffusion toward the Simaterial. 

18. The sandwiched structure as claimed in claim 16, 
wherein the Simaterial is one of Si wafer and Si-based films 
in IC devices. 

19. A sandwiched structure applied in Cu metallization of 
semiconductor device processing technology, the sand 
wiched structure comprising: 

a metallic Cuthin film and a Simaterial; and 
a diffusion barrier layer disposed between the metallic Cu 

thin film and the Si material, and comprising a 
Ta Si C thin film and a metallic ruthenium (Ru) thin 
film deposited on the said Ta Si C film, the 
Ta-Si-C thin film comprising three elements of tan 
talum (Ta), silicon (Si), and carbon (C) and expressed as 
Ta(SiC), wherein y, z, and m represent the atomic 
ratio for each element and obey the following limita 
tions: 

0.72m22.5, 

20. The sandwiched structure as claimed in claim 19, 
wherein diffusion barrier layer is able to retard Cu atoms from 
diffusion toward the Simaterial. 

21. The sandwiched structure as stated inclaim 19, wherein 
the Si material is one of Si wafer and Si-based films in IC 
devices. 
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