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(57) ABSTRACT 
A method of manufacturing ULSI wiring in which wiring 
layers are separately formed via a diffusion prevention layer 
with an insulating interlayer portion made of SiO2. The 
method comprises the Steps of treating, with a Silane com 
pound, an SiO, Surface on which the insulating interlayer 
portion is to be formed, performing catalyzation with an 
aqueous Solution containing a palladium compound, form 
ing the diffusion prevention layer by electroleSS plating, and 
then forming the wiring layer on this diffusion prevention 
layer. Furthermore, a capping layer is formed on the wiring 
layer by electroleSS plating. Consequently, the diffusion 
prevention layer having good adhesive properties can all be 
formed through a simple proceSS by wet processes, and 
further, the wiring layer can directly be formed on this 
diffusion prevention layer by the wet process. In addition, 
the capping layer can directly be formed on this wiring layer 
by electroless plating. 
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ULS WRING AND METHOD OF 
MANUFACTURING THE SAME 

0001. This is a Continuation-In-Part of application Ser. 
No. 10/154,812 filed May 28, 2002, the disclosure of which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) (i) Field of the Invention 
0003. The present invention relates to ULSI wiring in 
which wiring layers are Separately formed via a diffusion 
prevention layer with an insulating interlayer portion made 
of SiO2, and a method of manufacturing the same. 
0004 (ii) Description of the Related Art 
0005. In ULSI wiring, attendant upon the requirements of 
an increase in capacity of ULSI and a decrease in cost of 
manufacture, it is desired to decrease in size of wiring 
Structure and Simplify the manufacturing process. From 
these points, as fabrication techniques for ULSI wiring 
Structures, at present, dual damascene processes are main 
Stream (hereinafter referred to as prior art 1). 
0006. In ULSI wiring according to the prior art 1, in case 
that a wiring layer is made of Cu (copper), Cu constituting 
the wiring layer diffuses into an insulating interlayer So that 
it may bring about bad insulation. Therefore, it is indispens 
able to interpose a diffusion prevention layer between the 
wiring layer and the insulating interlayer and thereby pre 
vent Cu from diffusing into the insulating interlayer. 
0007 Conventionally, for this diffusion prevention layer, 
use is made of TaN, TiN, or the like, formed mainly through 
a Sputtering process. Besides, in case that the wiring layer is 
formed on this diffusion prevention layer by electroplating, 
in particular, with copper, Since the diffusion prevention 
layer of TaN, TiN, or the like, as described above, is inferior 
in electrical conductivity, a Cu Seed layer or the like as a 
conductive layer is required. 
0008 Although, in dual damascene processes, simplifi 
cation of proceSS and a decrease in cost by application of wet 
processes are considered to be advantageous, it is hard to Say 
that the use of dry processes, Such as Sputtering upon 
fabrication of the diffusion prevention layer and the con 
ductive layer, is the best technique. 
0009 So, a technique is first thinkable in which the 
diffusion prevention layer is fabricated through an electro 
less plating proceSS as a wet process. A method of forming 
Such a diffusion prevention layer by electroleSS plating is 
reported in, e.g., Electrochimica Acta, Vol. 44 (1999), pp. 
3639-3649 (hereinafter referred to as prior art 2). For 
forming a diffusion prevention layer by electroless plating, 
it is indispensable to give catalysis to the Surface of an 
insulating interlayer. However in the above report, for 
forming a diffusion prevention layer of COWP, a Co layer is 
formed as a catalyst layer by Sputtering to give catalysis. In 
this way, in the case of forming the catalyst layer by 
Sputtering, a thickness to Some extent is required for keeping 
adhesive properties between the diffusion prevention layer 
and the insulating interlayer, and the uniformity of the 
diffusion prevention layer. Therefore, by this method, further 
fineness of the ULSI wiring structure is difficult. 
0.010 Besides, in the above-described process, many 
StepS are required till the fabrication of the wiring layer. In 
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addition, two processes different in phase, Such as Sputtering 
and CVD as dry processes, and electroplating as a wet 
process, must be performed. Therefore, the proceSS is com 
plicated and it is disadvantageous in cost. 
0011 Further, a layer of SiN or the like higher in dielec 
tric constant than SiO, as a capping layer (cap insulating 
layer), is formed on the wiring layer by chemical vapor 
deposition (CVD) or the like. In this case, a thickness to 
Some extent is required for keeping the adhesive properties 
with the wiring layer, and the uniformity and thermal 
Stability of the capping layer. Therefore, the wiring capacity 
is increased, and further fineness of the wiring structure is 
difficult. 

SUMMARY OF THE INVENTION 

0012. The present invention has been made in view of the 
above circumstances. 

0013. It is an object of the present invention to provide a 
method of manufacturing ULSI wiring, which makes it 
possible to perform all the formations of the diffusion 
prevention layer and further the wiring layer and the capping 
layer through wet processes, and in which the diffusion 
prevention layer good in adhesion, and further the wiring 
layer and the capping layer, can be formed through a simple 
proceSS. 

0014. It is another object of the present invention to 
provide ULSI wiring in which a capping layer good in 
adhesion, uniformity, and thermal Stability is formed as a 
plating film on the wiring layer. 
0015 According to one aspect of the present invention, 
there is provided a method of manufacturing ULSI wiring in 
which wiring layers are Separately formed via a diffusion 
prevention layer with an insulating interlayer portion made 
of SiO2. The method comprises the Steps of treating, with a 
Silane compound, an SiO, Surface on which the insulating 
interlayer portion is to be formed, performing catalyzation 
with an aqueous Solution containing a palladium compound, 
forming the diffusion prevention layer by electroleSS plating, 
and then forming the wiring layer on this diffusion preven 
tion layer. According to this aspect of the present invention, 
the diffusion prevention layer having high thermal Stability 
and barrier properties. 
0016. In the aspect of the present invention, the formation 
of the diffusion prevention layer by the electroleSS plating 
preferably is accomplished by a step of forming metallic 
cores by use of a neutral or acid electroless plating bath, and 
a step of forming the diffusion prevention layer by use of an 
alkaline electroleSS plating bath. In consequence, even by 
using the alkaline electroless plating bath, the diffusion 
prevention layer can be formed without damaging SiO2 and 
the organic Silane layer. 
0017. In the aspect of the present invention, when the 
wiring layer is formed by electroless plating, the diffusion 
prevention layer formed by the above method plays the role 
of a catalyst. Hence, it is possible to directly form the wiring 
layer on the diffusion prevention layer by the electroless 
plating without performing a treatment Such as the catalyZa 
tion treatment. In addition, if a metallic film having a low 
Specific resistance is used as the diffusion prevention layer, 
the wiring layer can also be formed by electroplating. 
Furthermore, if a capping layer is directly formed on this 
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wiring layer by the electroless plating, the ULSI wiring can 
be manufactured through all wet processes. 

0.018. According to another aspect of the present inven 
tion, there is provided a manufacturing method of ULSI 
wiring which comprises the Step of directly forming a 
capping layer on a wiring layer by electroleSS plating. Here, 
in the case of this aspect of the present invention, for 
forming the capping layer, an electroless plating bath as will 
be described below in detail is preferably used, besides, in 
case that the wiring layer is made of copper, it preferably 
comprises the Step of removing copper oxide rubbish before 
electroleSS plating. AS the copper oxide rubbish removing 
Step before electroless plating, it is a wet treatment or the 
like with an acid aqueous Solution without damaging an 
insulating interlayer, more Specifically, a wet treatment with 
an acid electroleSS nickel plating bath using a boron-base 
reducing agent is preferable. By treatment with the acid 
electroleSS nickel plating bath using this boron-base reduc 
ing agent, preferably not only the removal of the copper 
oxide layer but also uniform reaction core formation onto 
the wiring layer is performed at the same time. In this case, 
it is preferable that the Step of forming the capping layer is 
performed in two Stages of the copper oxide layer removal 
and reaction core formation Step with the electroless nickel 
plating bath using the boron-base reducing agent, and then 
the Step of forming the capping layer by alkaline electroleSS 
plating, or it is also preferable that the copper oxide layer 
removal and reaction core formation step with the electro 
less nickel plating bath using the boron-base reducing agent, 
and the Step of forming the capping layer are performed in 
one Stage, or it is preferable that the Step of forming the 
capping layer is performed in two stages of the copper oxide 
layer removal and the Step of forming the capping layer by 
alkaline electroless plating containing no alkali metal. 

0.019 According to still another aspect of the present 
invention, there is provided ULSI wiring in which wiring 
layers are Separately formed via a diffusion prevention layer 
with an insulating interlayer portion made of SiO2 and a 
capping layer is formed on the wiring layers. In the ULSI 
wiring, the capping layer is made of a nickel-tungsten 
phosphorus, nickel-rhenium-phosphorus, or nickel-boron 
plating film. In this case, the capping layer is preferably 
formed by nickel-tungsten-phosphorus electroleSS plating, 
nickel-rhenium-phosphorus electroleSS plating, or nickel 
boron electroleSS plating. According to this aspect of the 
present invention, this capping layer is good in adhesion, 
uniformity, and thermal stability. 

0020. According to yet another aspect of the present 
invention, there is provided a method of manufacturing 
ULSI wiring which comprises the Step of applying nickel 
tungsten-phosphorus electroleSS plating, nickel-rhenium 
phosphorus electroleSS plating, or nickel-boron electroleSS 
plating to wiring layers of ULSI wiring in which the wiring 
layers are Separately formed via a diffusion prevention layer 
with an insulating interlayer portion made of SiO2, thereby 
forming a capping layer on the wiring layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a conceptional view illustrating one 
example of ULSI wiring manufactured through a conven 
tional dual damascene process; 
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0022 FIG. 2 is a conceptional view illustrating another 
example of ULSI wiring manufactured through a conven 
tional dual damascene process; 
0023 FIG. 3 is a conceptional view illustrating ULSI 
wiring manufactured by a manufacturing method according 
to one embodiment of the present invention; 
0024 FIG. 4 is a conceptional view illustrating ULSI 
wiring manufactured by a manufacturing method according 
to another embodiment of the present invention; 
0025 FIG. 5 is a graph showing the thermal stability 
valuation of a nickel-rhenium-phosphorus diffusion preven 
tion layer; 
0026 FIG. 6 is a graph showing the thermal stability 
valuation of a nickel-boron capping layer; and 
0027 FIG. 7 is a graph showing the thermal stability 
valuation of a nickel-boron capping layer fabricated with an 
electroleSS plating bath containing no alkali metal. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028 Before describing embodiments of the present 
invention, for making the understanding of the present 
invention easy, manufacturing methods of ULSI wiring 
according to prior arts will be described with reference to 
FIGS. 1 and 2. 

0029. As illustrated in FIG. 1, in ULSI wiring according 
to the prior art 1, particularly in case that a wiring layer 11 
is made of Cu (copper), if Cu constituting the wiring layer 
11 diffuses into an insulating interlayer 13, it may bring 
about bad insulation. Therefore, it is indispensable to inter 
pose a diffusion prevention layer 15 between the wiring 
layer 11 and the insulating interlayer 13 and thereby prevent 
Cu from diffusing into the insulating interlayer 2. 
0030 Conventionally, for this diffusion prevention layer 
15, use is made of TaN, TiN, or the like, formed mainly 
through a Sputtering process. In case that the wiring layer 11 
is formed on this diffusion prevention layer 15 by electro 
plating, in particular, with copper, the diffusion prevention 
layer 15 of TaN, TiN, or the like, as described above, is 
inferior in electrical conductivity. Accordingly, a Cu Seed 
layer or the like as a conductive layer 17 is required. Note 
that reference numeral 19 in the figure denotes an etching 
Stop, and reference numeral 21 in the figure denotes a cap 
insulating layer (SiN). 
0031. Although, in dual damascene processes, simplifi 
cation of proceSS and a decrease in cost by application of wet 
processes are considered to be advantageous, it is hard to Say 
that the use of dry processes Such as Sputtering upon 
fabrication of the diffusion prevention layer and the con 
ductive layer is the best technique. 
0032. So, as illustrated in FIG. 2, a technique in which 
the diffusion prevention layer is fabricated through an elec 
troless plating proceSS as a wet proceSS has been thought out 
in the prior art 2. 
0033 Referring to FIG. 2, for forming a diffusion pre 
vention layer by electroless plating according to the prior art 
2, although it is indispensable to give catalysis to the Surface 
of the insulating interlayer 13, in one according to the prior 
art 2, for forming the diffusion prevention layer 15 of 
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COWP, as a catalyst layer 25, a Co layer is formed by 
Sputtering to give catalysis. In this way, in the case of 
forming the catalyst layer 15 by Sputtering, for keeping the 
adhesive properties between the diffusion prevention layer 
and the insulating interlayer and the uniformity of the 
diffusion prevention layer, a thickness to Some extent is 
required. Therefore, by this method, further fineness of the 
ULSI wiring structure is difficult. 
0034. In the above-described process, many steps are 
required till the fabrication of the wiring layer. In addition, 
two processes different in phase, Such as Sputtering and 
CVD as dry processes, and electroplating as a wet process, 
must be performed. Therefore, the process is complicated 
and it is disadvantageous in cost. 
0035) Further, a layer of SiN or the like higher in dielec 

tric constant than SiO, as a capping layer (cap insulating 
layer), is formed on the wiring layer by chemical vapor 
deposition (CVD) or the like. In this case, a thickness to 
Some extent is required for keeping the adhesive properties 
with the wiring layer, and the uniformity and thermal 
Stability of the capping layer. Therefore, it has disadvantages 
that the wiring capacity is increased and further fineness of 
the wiring Structure is difficult. 
0.036 Now, preferred embodiments of the present inven 
tion will be described with reference to FIGS. 3 to 9. 

0037 Methods of manufacturing ULSI wiring according 
to the embodiments of the present invention are based on a 
dual damascene process. 
0038. As illustrated in FIG. 3, in an embodiment of the 
present invention, first, the Surface of the insulating inter 
layer 13 made of SiO2 is treated with an organic Silane 
compound. By this, an adhesion layer 27 preferably made of 
a monomolecular layer of the organic Silane compound. 
0039. In this case, as the organic silane compound, 
although, for example, Silane coupling agentS Such as Silane 
having amino groups and alkoxy groups Such as N-(2- 
aminoethyl)-3-aminopropyl trimethoxy Silane, 3-aminopro 
pyl trimethoxy silane, 2-(trimethoxysilyl)ethyl-2-pyridine, 
(aminoethyl)-phenethyl trimethoxy silane, or the like, and 
further Silane having epoxy groups and alkoxy groupS Such 
as Y-glycidyl propyl trimethoxy Silane or the like, can be 
mentioned, particularly from the points of adhesive proper 
ties and catalysis giving properties, a Silane coupling agent 
having amino groups and alkoxy groups is preferable. 
0040. The above organic silane compound is used as a 
solution in which it is dissolved in a solvent, and treated by 
dipping the Substrate having the insulating interlayer made 
of the above SiO in this. In this case, as the solvent, 
although an alcoholic Solvent Such as methanol, ethanol, or 
the like, a hydrocarbonic Solvent Such as toluene or the like, 
are used, preferably, an alcoholic Solvent, in particular, 
ethanol is preferable. 
0041 Although depending upon the time in which the 
Substrate is dipped, the concentration of the above organic 
silane is preferably 0.2-2 vol.%, particularly, about 1 vol.% 
is preferable. 
0.042 Besides, this solution is used in the temperature 
range of, preferably, 20-90° C., particularly, 40-70° C., more 
particularly, 50-60 C. Note that the dipping time is prefer 
ably 30 minutes to 10 hours, particularly, 1-6 hours, more 
particularly, 2-6 hours. 
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0043. In the present invention, next, the SiO2 surface is 
catalyzed with a Solution containing a palladium (Pd) com 
pound. In this way, by dipping the Substrate in a Silane 
compound, particularly, a Silane compound Solution having 
amino groups in particular, preferably, a Self-organizing 
monomolecular layer in chemical bond with the SiO, Sur 
face is formed on the SiO, Surface of the substrate, and 
further, by dipping this Substrate in an aqueous Solution 
containing a palladic Salt, amino groups catch Pd, and it 
enables catalyzation of the SiO2 Surface. That is, although 
the Surface that the monomolecular layer constituted by the 
Silane compound, in particular, Silane molecules having 
amino groups, on SiO of the Substrate, has good Smooth 
neSS, by dipping in the aqueous Solution containing the 
palladic Salt, catalyzation of the Surface becomes possible. 
0044) Here, as the aqueous Solution (catalysis giving 
liquid) containing a palladium compound, an acid aqueous 
Solution containing a water-Soluble palladium compound 
such as PdCl, Na-PdCl, or the like, is suitably used. In this 
case, the concentration of the palladium compound is pref 
erably 0.01-0.5g/L, particularly, 0.04-0.1 g/L, more particu 
larly, 0.04-0.05 g/L, as palladium. In this catalysis giving 
liquid, at need, a buffer Such as 2-morpholinoethane Sulfonic 
acid or the like can be added, or a stabilizer Such as NaCl or 
the like can be added. Besides, pH of this catalysis giving 
liquid is preferably Set at 2-6, particularly, 4-6, more par 
ticularly, about 5. 
0045 Although the catalyzation treatment using the 
above catalysis giving liquid is performed in the temperature 
range of, preferably, 10-40 C., particularly, 20-30°C., more 
particularly, 20-25 C., usually the room temperature suf 
fices. Note that the dipping time is preferably 1-60 minutes, 
particularly, 10-30 minutes. 
0046) Next, on SiO2 to which the above catalyzation 
treatment has been applied, as illustrated in FIG. 3, a 
diffusion prevention layer 15 is formed by electroless plat 
ing. 

0047. Here, in case that an adhesion layer 27 is formed 
onto SiO by the organic Silane monomolecular layer, if an 
alkaline electroless plating bath is directly used in the 
Subsequent electroless plating process, Since, by the SiO, 
Surface being damaged, the adhesion layer 27 is also dam 
aged. Therefore, an electroless plating bath not more than 
neutrality must be used. 
0048 However, when formation of a metallic film effec 
tive as the diffusion prevention layer 15 is considered, such 
a restriction is very disadvantageous. 
0049 So, in the present invention, it is preferable to adopt 
a method in which, first, as the first Step, metal cores are 
formed with a neutral or acid electroleSS plating bath, and 
then, as the Second step, formation of the diffusion preven 
tion layer using an alkaline electroless plating bath is 
performed by the use of self-catalysis functions of the metal 
cores themselves. If this proceSS is used, even using the 
highly alkaline electroleSS plating bath in the Second Step, 
there is no damage on the adhesion layer, and fabrication of 
the diffusion prevention layer exhibiting good adhesive 
properties becomes possible. In this way, by forming the 
metal cores in the first Step, Since the restriction of the 
electroleSS plating bath used upon diffusion prevention layer 
formation, it can be said that this is a very effective tech 
nique. 
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0050 Here, as the above neutral or acid electroless plat 
ing bath, use is Suitably made of electroless nickel plating 
bath using, as a reducing agent, hypophosphite, Such as 
Sodium hypophosphite or the like, amine borane, Such as 
dimethylamine borane or the like, or the like, at pH of 4-7, 
particularly, 4-5, 5, more particularly, 4.4-5. AS this neutral 
or acid electroleSS nickel plating bath, one having a known 
composition is used, and a commercial item can be used. 

0051 Besides, plating conditions using this neutral or 
acid electroless nickel plating bath can be a normal method 
according to this plating bath, though being properly 
selected, for example, the plating temperature is 70-95 C., 
particularly at 70-92 C., plating is preferably performed for 
5-60 Seconds, particularly, for 10-30 Seconds, more particu 
larly, for 10-15 seconds, and the film thickness of the plating 
film by this plating is preferably Set at 5-25 nm, particularly, 
5-15 nm. 

0.052 On the other hand, as the alkaline electroless plat 
ing bath, it is preferable to use an electroless nickel-tung 
Sten-phosphorus bath, an electroless nickel-rhenium-phos 
phorus bath, an electroleSS nickel-boron bath, or the like. In 
this way, the Substrate to which the above catalyzation has 
been applied is (a) by dipping in the neutral or acid elec 
troless nickel plating bath, after deposition cores of nickel 
are formed, (b) by dipping in the alkaline electroless nickel 
tungsten-phosphorus bath, electroless nickel-rhenium-phos 
phorus bath, or electroless nickel-boron bath, fabrication of 
a nickel alloy layer as the diffusion prevention layer is 
Suitable. In this case, by performing the Step of (a), as 
described above, metal film formation from Such an alkaline 
electroless plating bath as (b) becomes possible, if the 
alkaline plating bath is used without performing the Step of 
(a), Since the Substrate is damaged by the alkaline aqueous 
Solution, the organic Silane monomolecular layer is also 
damaged, and there is a fear of hindering the Subsequent 
electroleSS plating process. A nickel-tungsten-phosphorus or 
nickel-rhenium-phosphorus thin film fabricated by the 
above Step exhibits good adhesion, and by the Subsequent 
anneal treatment, the adhesive properties are further 
improved. 

0.053 Note that the plating layer formed with the above 
electroleSS nickel-tungsten-phosphorus bath or electroleSS 
nickel-rhenium-phosphorus bath is, from the point of diffu 
sion prevention effect or the like, preferably one in which the 
tungsten or rhenium content is 40-80 wt.%, the phosphorus 
content is 0.1-1.0 wt.%, and the residual is nickel. Besides, 
the plating layer formed with the electroleSS nickel-boron 
bath is preferably one in which the boron content is 5-10 wt. 
% and the residual is nickel. 

0.054 Here, as the electroless nickel-tungsten-phospho 
ruS bath or electroless nickel-rhenium-phosphorus bath, one 
is preferable which contains 0.02-0.1 mole/L, particularly, 
about 0.075 mole/L of a water-soluble nickel salt, e.g., 
nickel sulfate or the like, 0.005-0.2 mole/L, particularly, 
0.030–0.106 mole/L of a water-soluble tungstate or rhenate, 
Such as Sodium tungState, ammonium perrhenate, or the like, 
and 0.09-0.1 mole/L, particularly, 0.094-0.1 mole/L of a 
hypophosphite, Such as Sodium hypophosphite or the like, as 
a reducing agent. AS the electroleSS nickel-boron bath, one 
is preferable which contains 0.05-0.2 mole/L, particularly, 
about 0.1 mole/L of a water-Soluble nickel Salt, e.g., nickel 
sulfate or the like, and 0.025-0.1 mole/L, particularly, about 
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0.05 mole/L of amine borane such as dimethylamine borane 
or the like, as a reducing agent. Besides, these electroless 
plating baths preferably further contain 0.034-0.4 mole/L, 
particularly, 0.135-0.2 mole/L of a complexing agent Such as 
carboxylic acid Such as citric acid, tartaric acid, Succinic 
acid, malonic acid, malic acid, gluconic acid, or the like, or 
its Salt, or an ammonium Salt Such as ammonium Sulfate or 
the like. In the baths, at need, a pH-conditioner, a buffer, a 
Stabilizer, or the like, may be added. 
0055 pH of the above plating baths can be set in the 
range of 7.4-10, particularly, 8.5-9.5. 
0056 Although plating conditions are properly selected, 
plating can be performed at 80-90 C., particularly, about 
90° C., for 1-30 minutes, particularly, 3-15 minutes, more 
particularly, 3-8 minutes, and the thickness of the diffusion 
prevention layer is preferably set at 50-100 nm, particularly, 
about 50 nm. 

0057. Note that the present invention preferably adopts a 
two-stage plating method in which, after plating with a 
neutral or acid electroleSS plating bath, plating is performed 
with an alkaline electroleSS plating bath. However, it is not 
limited to this. The diffusion prevention layer can be formed 
by a Single-stage plating method using a neutral or acid 
electroleSS plating bath. Particularly, in case that a neutral or 
acid bath (pH=4-7) is used as the above nickel-tungsten 
phosphorus bath, nickel-rhenium-phosphorus bath, or 
nickel-boron bath, the diffusion prevention layer can be 
formed by a single-stage plating method with this plating 
bath. 

0058. Note that, after forming the diffusion prevention 
layer as described above, it is preferable to apply a heating 
treatment at 300-450° C., particularly, 300-350° C., for 
10-30 minutes, particularly, 25-30 minutes, and thereby the 
adhesive properties can be further improved. However, Since 
a heating Step is always included in ULSI wiring manufac 
turing process, even if no heating treatment Step is per 
formed here, finally, the improvement of the adhesive prop 
erties can be intended. 

0059. In a process of manufacturing ULSI wiring before 
the diffusion prevention layer is formed on the organic Silane 
layer and after the organic Silane layer is deposited on the 
first insulation layer, the organic Silane layer is Subjected to 
heat-decomposition by heating of the process at a tempera 
ture, for example 300° C. or more in the process to form an 
adhesion layer containing at least one of Silicon (Si) and 
carbon (C). 
0060) Furthermore, in a process of manufacturing ULSI 
wiring after the diffusion prevention is formed on the 
organic Silane layer, the adhesion layer heat-decomposed at 
the temperature, for example 300° C. or more in the process 
from the organic Silane layer to form Silicon (Si) and carbon 
(C) and which Si and C are further diffused into the diffusion 
prevention layer by heating to form a diffusion prevention 
layer containing at least one of Si and C. 
0061. In the present invention, after forming the diffusion 
prevention layer in this way, a wiring layer 11 can be formed 
directly on this as illustrated in FIG. 3. In this case, the 
wiring layer 11 is preferably formed by electroless copper 
plating or electroplating with copper (note that, in FIG. 3, 
reference numeral 19 denotes an etching stop made of SiN 
or the like, and reference numeral 21 is a cap insulating layer 
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made of SiN). That is, the diffusion prevention layer fabri 
cated by an electroleSS plating method as described above 
has catalyst activity to another electroleSS plating bath. 
Therefore, in FIG. 4, the step of forming a conductive layer 
for copper plating layer fabrication denoted by reference 
numeral 15 is eliminated, and Subsequently, fabrication of 
the copper wiring layer 11 becomes possible by electroleSS 
copper plating. Further, if the diffusion prevention layer 15 
is a metallic film low in Specific resistance, fabrication of the 
copper wiring layer becomes possible not only by electroleSS 
plating but also electroplating with copper, and it can 
achieve the manufacture of the ULSI wiring layer by all wet 
proceSSeS. 

0.062 Here, as electroless copper plating, using a known 
electroleSS copper plating bath in which formalin, hypophoS 
phite, further, dimethylamine borane, NaBH, or the like is 
used as a reducing agent, plating can be performed under 
known conditions in accordance with the kind of the plating 
bath. Besides, as for electroplating with copper, using 
known electro-copper-plating bath, Such as a copper-Sulfate 
bath, a copper-borofluoride bath, a copper-pyrophosphate 
bath, or the like, plating can be performed under known 
conditions in accordance with the kind of the plating bath, 
and the wiring layer 11 can be formed by a normal method. 
0.063. Further, in the present invention, after forming the 
wiring layer 11 as described above, as illustrated in FIG. 4, 
further, a metallic plating thin film can be formed on this as 
a capping layer 29 like the diffusion prevention layer using 
an electroless plating bath, Such as the above electroleSS 
nickel-tungsten-phosphorus bath, electroleSS nickel-rhe 
nium-phosphorus bath, electroless nickel-boron bath, or the 
like. In the present invention, a step of forming a metallic 
plating thin film on the Substrate by no use of forming the 
catalyst layer and with contacting to the Substrate will be 
referred to as “direct forming the metallic plating film on the 
substrate”. By this, without performing film formation of the 
cap insulating layer as shown by reference numeral 21 in 
FIG. 3, although film formation of an insulating interlayer 
in the upper layer can be performed as illustrated in FIG. 4, 
the wiring layer 11 forming the capping layer 29 by the 
above method is not limited to one formed by the above 
described method, and also applicable is to form on the 
wiring layer 11 of the ULSI wiring formed by a conven 
tionally known method. 

0064. Note that, since the film thickness of the capping 
layer 29 of FIG. 4 is thin, the step with the upper surface of 
the insulating interlayer 13 of the middle step is little and it 
is Substantially flat. For further flattening, a structure may be 
in which the wiring layer upper Surface is formed Somewhat 
lower than the upper Surface of the insulating interlayer 13 
of the middle step. Furthermore, the structure may be in 
which the capping layer 29 is formed on this So that its upper 
Surface is at the same height as the insulating interlayer 13 
of the middle step. However, the structure is not limited to 
these. 

0065. At this time, in the case of using an alkaline 
electroleSS plating bath, it is preferable to first treat with the 
acid electroleSS nickel-boron bath. Note that, in this case, its 
pH is preferably 4-6, particularly, 4-5. Since this electroless 
nickel-boron bath is acid, with removing oxide rubbish on 
the copper Surface, it becomes possible to form reaction 
cores of electroleSS nickel-tungsten-phosphorus plating, 
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electroleSS nickel-rhenium-phosphorus plating, or electro 
less nickel-boron plating, which will be performed Subse 
quently. In the report in the above-mentioned Electro 
chimica Acta and a report in IBM Journal Research and 
Development, vol. 42 (1998), pp. 607-620, although a 
treatment with a Pd aqueous Solution is performed when the 
capping layer 29 is formed on Cu by electroleSS plating, in 
the proceSS according to the present invention, it becomes 
possible to decrease one Stage of the treatment with the Pd 
aqueous Solution which is considered to be desirable that it 
is omitted in the Semiconductor proceSS as far as possible. In 
the case of using acid electroleSS nickel-boron plating for 
forming the capping layer 29, it has the above-mentioned 
advantage, and also the plating proceSS can be performed in 
one Stage. In the report of Electrochimica Acta, although the 
copper wiring layer 11 Surface fabricated by electroless 
plating is treated with fluoric acid and a palladium chloride 
aqueous Solution, in the present invention, also the fluoric 
acid treatment which is considered to damage the insulating 
interlayer 13 can be eliminated. 
0066. In the case of forming the capping layer 29 with the 
electroleSS nickel-tungsten-phosphorus plating bath or elec 
troless nickel-rhenium-phosphorus plating bath, a two-stage 
process is preferable in which, after the treatment with the 
acid electroless nickel-boron plating bath as described 
above, plating is performed with the alkaline electroless 
nickel-tungsten-phosphorus plating bath or alkaline electro 
less nickel-rhenium-phosphorus plating bath. However, it is 
not limited to this. The capping layer 29 can be formed 
through a single-stage process by the use of an electroless 
plating bath containing dimethylamine borane or the like 
which is acid and has activity on the copper Surface as a 
reducing agent. 

0067 Besides, as the method for forming the capping 
layer 29, a method also can be used in which oxide rubbish 
on the copper Surface is removed with an acid aqueous 
Solution Such as Sulfuric acid or the like, and then the 
capping layer 29 is formed with an electroless plating bath. 
In this case, as the electroless plating bath, an alkaline 
electroleSS plating bath, in particular, an alkaline electroless 
nickel-boron plating bath, is preferable, and further, the 
plating bath preferably contain no alkali metal Such as 
Sodium, potassium, or the like. If a plating bath containing 
alkali metal is used, the gate insulating film made of SiO is 
contaminated with the alkali metal and there is a case that it 
causes deterioration of transistor characteristics. Note that, 
in this case, pH of the plating bath can be controlled with a 
base containing no alkali metal, Such as TMAH (tetram 
ethylammonium hydroxide). 

0068. Note that, as for the electroless plating bath in the 
case of forming the capping layer 29, as the electroless 
nickel-tungsten-phosphorus bath or electroless nickel-rhe 
nium-phosphorus bath, one is preferable which contains 
0.02-0.1 mole/L, particularly, about 0.075 mole/L of a 
water-Soluble nickel Salt, e.g., nickel Sulfate or the like, 
0.005-0.2 mole/L, particularly, 0.030–0.106 mole/L of a 
water-Soluble tungState or rhenate Such as Sodium tungState, 
ammonium perrhenate, or the like, and 0.09-0.1 mole/L, 
particularly, 0.094-0.1 mole/L of a hypophosphite such as 
Sodium hypophosphite or the like, as a reducing agent. 

0069. As the electroless nickel-boron bath, one is pref 
erable which contains 0.05-0.2 mole/L, particularly, about 
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0.1 mole/L of a water-Soluble nickel Salt, e.g., nickel Sulfate 
or the like, and 0.025-0.1 mole/L, particularly, about 0.05 
mole/L of amine borane Such as dimethylamine borane or 
the like, as a reducing agent. Besides, these electroleSS 
plating baths preferably further contain 0.034-0.4 mole/L, 
particularly, 0.135-0.2 mole/L of a complexing agent Such as 
carboxylic acid Such as citric acid, tartaric acid, Succinic 
acid, malonic acid, malic acid, gluconic acid, or the like, or 
its Salt, or an ammonium Salt Such as ammonium Sulfate or 
the like. In the baths, at need, a pH-conditioner, a buffer, a 
Stabilizer, or the like, may be added. 

0070 pH of the above plating baths can be set in the 
range of 7.4-10, particularly, 8.5-9.5. 

0071 Although plating conditions are properly selected, 
plating can be performed at 80-90 C., particularly, about 
90° C., for 1-30 minutes, particularly, 3-15 minutes, more 
particularly, 3-8 minutes, and the thickness of the capping 
layer 29 is preferably set at 5-100 nm, particularly, about 20 

. 

0.072 The capping layer 29 obtained by the above 
method is, from the point of thermal stability or the like, in 
the case of nickel-tungsten-phosphorus or nickel-rhenium 
phosphorus, preferably one in which the tungsten or rhe 
nium content is 40-80 wt.%, the phosphorus content is 
0.1-1.0 wt.%, and the residual is nickel. On the other hand, 
in the case of nickel-boron, it is preferably one in which the 
boron content is 0.1-10 wt.% and the residual is nickel. 

0.073 Well, although specific examples of the present 
invention will be described, the present invention is not 
limited by this. 

EXAMPLES 1-3 

0074 By washing an SiO (film thickness: 30 nm)/Si 
substrate by an SPM treatment HSOHO=4:1 (volume 
ratio), 80 C., 10 minutes, and dipping this Substrate in an 
N-(2-aminoethyl)-3-aminopropyl trimethoxy silane ethanol 
solution having the composition shown in Table 1, at 50 C. 
for four hours, an organic Silane monomolecular layer was 
formed. Next, by dipping it in ethanol, removing Surplus 
organic Silane molecules by SuperSonic Washing, and Sub 
Sequently, dipping it in an aqueous Solution containing 
NaPdCl at the component concentration shown in the 
below Table 2, at the room temperature for 10-30 minutes, 
the Surface was catalyzed. The Substrate pulled up from the 
above Solution was washed with ultrapure water and kept in 
ultrapure water. 

0075) Next, as the first step, this substrate was dipped in 
an electroleSS plating bath whose pH had been controlled to 
4.5 and which had the composition shown in Table 3, at 
70-90° C. for 10-15 seconds to form nickel cores on the 
Surface. Subsequently, as the Second Step, this Substrate was 
dipped in an electroless plating bath whose pH had been 
controlled to 9.0 and which had the component concentra 
tion shown in Table 4, for 3-8 minutes. As a result, a 
diffusion prevention layer was obtained. The whole surface 
of the Substrate obtained had uniform metallic luster. 
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TABLE 1. 

Content (ml/100 ml) 
N-(2-aminoethyl)-3-aminopropyl 1.O 
trimethoxy silane 
Ethanol 99.0 

0076) 

TABLE 2 

Component Conc. (g/L) 

NaCl 0.5844 
2-Morpholinoethane sulfonic acid 2.132 
NaPdCl O.1140 
pH (adjusted with NaOH) 5.0 

0.077 

TABLE 3 

Component Conc. (mol/L) 

NaH2POHO O.15 
(NH)2SO O.SO 
Sodium citrate O.2O 
NiSO.6H2O O.10 

0078 

TABLE 4 

Component Conc. (mol/L) Example 1 Example 2 Example 3 

(NH)2SO 0.227 
Sodium citrate O.135 O.400 O.2 
NiSO 0.027 O.O750 O.1 
NaWO O.106 
(NH)2ReO. O.O3OO 
NaH2PO, O.1OO O.1OO 
Dimethylamine borane O.OS 
pH (adjusted with NaOH) 9.O 9.O 9.O 

0079. Note that, in the above example, if the first step was 
omitted and the Second Step was performed, it resulted in 
either that the metal deposition from the alkaline electroless 
plating bath of the above Table 4 became partial or that no 
deposition was observed. 

0080 Besides, as shown in FIG. 5, the nickel-rhenium 
phosphorus diffusion prevention layer fabricated on SiO, 
exhibited good thermal stability to 400 C., and it was 
recognized to have a Sufficient performance as the diffusion 
prevention layer. 

0081. After the above alkaline electroless plating, copper 
plating was performed using the electroless copper plating 
bath having the composition shown in the below Table 5, or 
the electroleSS Steel plating bath having the composition 
shown in the below Table 6. In either case, good plating 
could be directly performed, and it was recognized to be able 
to form a wiring layer by direct copper plating. 
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TABLE 5 

Component Conc. 

CuSO4.5H2O 2 (g/dm ) 
EDTA 6 (g/dm ) 
DMAB 4 (g/dm ) 

0082) 

TABLE 6 

Component Conc. 

CuSO4.5H2O 0.24 (mol/L) 
HSO 1.8 (mol/L) 
CL- 50 (mol/L) 
Polyethylene glycol 
Bis(3-sulfopropyl) disulfide 
Janus Green B 

300 (mol/L) 
1.0 (mol/L) 
1.0 (mol/L) 

0.083. After the above copper plating, with alcohol, such 
as ethanol, isopropyl alcohol, or the like, organic matter 
pollution on the copper Surface was washed. Then, by the 
use of one in which pH of the electroless nickel-boron 
plating bath shown in the above Table 4 had been controlled 
to be acid (pH 5.0), reaction cores were formed for removal 
of oxide rubbish on the copper Surface and electroleSS 
nickel-tungsten-phosphorus plating or electroless nickel 
rhenium-phosphorus plating. By these treatments, the cop 
per Surface became pure and reaction active. Subsequently, 
when the above alkaline electroless plating was performed 
and fabrication of a capping layer 29 was performed, it 
exhibited good thermal stability to 450° C., and it was made 
clear to have a Sufficient performance as the capping layer 
29. Besides, after the above organic manner pollution wash 
ing Step, using one in which pH of the electroleSS nickel 
boron plating bath shown in the above Table 4 had been 
controlled to be acid, also in the case of performing removal 
of oxide rubbish on the copper surface and fabrication of the 
capping layer in a Single Stage, it exhibited good thermal 
stability to 400 C., and it was made clear to have a sufficient 
performance as the capping layer 29. 

0084 Besides, after the above-described copper plating, 
with alcohol Such as ethanol, isopropyl alcohol, or the like, 
organic matter pollution on the copper Surface was washed. 
Then, oxide rubbish on the copper surface was removed by 
dipping it in 10%. Sulfuric acid aqueous Solution. By the use 
of the electroless nickel-boron plating bath shown in the 
above Table 4, fabrication of the capping layer 29 was 
performed by electroless plating. As shown in FIG. 6, the 
capping layer exhibited good thermal stability to 450° C., 
and it was made clear to have a Sufficient performance as the 
capping layer 29. 

0085. Further, after the above-described copper plating, 
the above organic matter pollution washing and oxide rub 
bish removal Step on the copper Surface was applied. By the 
use of the electroless nickel-boron plating bath containing 
no alkali metal shown in Table 7, fabrication of the capping 
layer 29 was performed by electroleSS plating. AS shown in 
FIG. 7, the capping layer 29 exhibited good thermal stability 
to 400 C., and it was made clear to have a sufficient 
performance as the capping layer 29. 
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TABLE 7 

Component Conc. (mol/L) 

Citrate O.2 
NiSO O.1 
DMAB O.OS 
pH (adjusted by TMAH) 9.O 

0086 As described above, according to the present 
invention, the diffusion prevention layer having good adhe 
Sive properties can all be formed through a simple process 
by wet processes, and further, the wiring layer can be formed 
on this diffusion prevention layer directly by the wet pro 
ceSS. The capping layer can directly be formed on this wiring 
layer by the wet process. However, in the case of attaching 
the capping layer onto the wiring layer, the diffusion pre 
vention layer of the lower layer is not limited to formation 
by the wet process. 
0087. In the above-embodiment, use is made of a silicon 
dioxide (SiO2) layer, as the first and the Second insulating 
internal layers. Furthermore, as the first and the Second 
insulating internal layers, use may be made of a low dielec 
tric layer, Such as a hydrogen SilsesquioZane layer (HSQ), a 
silicon oxycarbide (SiOC) layer, and the like. 
0088. Furthermore, in the above-embodiment, use is 
made of a plating film, Such as a nickel-tungsten-phosphorus 
plating film, a nickel-rhenium-phosphorus plating film, and 
a nickel-boron film as the diffusion protection film and the 
capping layer. In place of the plating films as the diffusion 
protection film, use may be made of a conventional plating 
film, Such as a cobalt-tungsten-phosphorus film, a cobalt 
tungsten-boron film, and a cobalt metal film. 

What is claimed is: 
1. ULSI wiring in which wiring layers are Separately 

formed via a diffusion prevention layer with an insulating 
interlayer portion made of SiO2 and a capping layer is 
formed on the wiring layers, wherein the capping layer is 
made of one plating film Selected from the group consisting 
of nickel-tungsten-phosphorus, nickel-rhenium-phosphorus, 
and nickel-boron. 

2. The ULSI wiring as claimed in claim 1, wherein said 
nickel-boron plating film contains a boron content of 
between about 0.1-10 wt.% and a nickel content of between 
about 90-99.9 wt.%. 

3. The ULSI wiring as claimed in claim 1, wherein said 
nickel-tungsten-phosphorus plating film contains a tungsten 
content of between about 40-80 wt.%, a phosphorus content 
of between about 0.1-1.0 wt.%, and a residual of nickel. 

4. The ULSI wiring as claimed in claim 1, wherein said 
nickel-rhenium-phosphorus plating film contains a rhenium 
content of between about 40-80 wt.%, a phosphorus content 
of between about 0.1-1.0 wt.%, and a residual of nickel. 

5. The ULSI wiring as claimed in claim 1, wherein the 
wiring layer is separately formed via a diffusion prevention 
layer with the first insulating layer. 

6. The ULSI wiring as claimed in claim 1, wherein the 
Second insulating interlayer is also formed on at least a 
portion of Said first insulating interlayer. 

7. Ultra-Large Scale Integrated (ULSI) wiring comprising 
a first insulating interlayer having at least one of trench and 
via formed on the Surface of the first insulating layer, a 
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diffusion prevention layer formed above an inner Surface of 
the at least one of trench and via with a Space therein, a 
wiring layer formed in the Space of the diffusion prevention 
layer, and a Second insulating layer covered over at least the 
wiring layer, 

wherein the diffusion prevention layer is made of a plating 
film Selected from the group consisting of a nickel 
tungsten-phosphorus plating film, a nickel-rhenium 
phosphorus plating film, a nickel-boron film, a cobalt 
tungsten-phosphorus film, a cobalt-tungsten-boron 
film, and a cobalt metal film. 

8. Ultra-Large Scale Integrated (ULSI) wiring as claimed 
in claim 7, wherein Said diffusion prevention layer contains 
at least one of Silicon and carbon. 

9. Ultra-Large Scale Integrated (ULSI) wiring as claimed 
in claim 7, further comprising an adhesion layer containing 
at least one of Silicon and carbon between Said first insulat 
ing layer and Said diffusion prevention layer. 

10. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 9, wherein Said adhesion layer is Substan 
tially made of Silane compound layer. 

11. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 10, wherein Said Silane compound layer is 
a monomolecular layer containing an amino group. 

12. Ultra-Large Scale Integrated (ULSI) wiring compris 
ing a first insulating interlayer having at least one of trench 
and via formed on the Surface of the first insulating layer, a 
diffusion prevention layer formed above an inner Surface of 
the at least one of trench and via with a space therein, a 
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wiring layer formed in the Space of the diffusion prevention 
layer, a capping layer formed directly on the wiring layer 
and the diffusion protecting layer, and a Second insulating 
layer covered over the capping layer, 

wherein at least one of the diffusion prevention layer and 
the capping layer is made of a plating film Selected 
from the group consisting of a nickel-tungsten-phos 
phorus plating film, a nickel-rhenium-phosphorus plat 
ing film, a nickel-boron film, a cobalt-tungsten-phos 
phorus film, a cobalt-tungsten-boron film, and a cobalt 
metal film. 

13. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 12, wherein Said diffusion prevention layer 
contains at least one of Silicon and carbon. 

14. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 12, further comprising an adhesion layer 
containing at least one of Silicon and carbon between Said 
first insulating layer and Said diffusion prevention layer. 

15. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 14, wherein Said adhesion layer is Substan 
tially made of Silane compound layer. 

16. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 15, wherein Said adhesion layer contains 
carbon more than Silicon in an amount. 

17. Ultra-Large Scale Integrated (ULSI) wiring as 
claimed in claim 12, wherein Said Silane compound layer is 
a monomolecular layer containing an amino group. 

k . . . . 


