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ecution application (CPA) ?led under 37 The present invention provides a method for Wiring, WhlCh 
CFR 1 53((1) plugs conductive material suf?ciently into a via hole pro 

duced in dielectronics (hereinafter, referred to as “a via 
(21) APPL NO: 09 539,710 hole”) and prevents generating a void. The via hole is made 

through a via hole patterning step and a cleaning step. At a 
surface treatment step, substance having chemical affinity 

(22) Filed; Man 31, 2000 (active site) is adsorbed to the surface of the via hole. Next, 
an electron donative layer is made by depositing substance 

(30) Foreign Application Priority Data having an electron donative characteristic on the active sites 
acting as cores at an electron donative layer forrnation step. 

Jun. 3, 1999 (JP) ................................ .. HEI 11-155887 Then, the Wiring material is plugged at a via hole plug step. 
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METHOD AND APPARATUS FOR WIRING, WIRE, 
AND INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and an 
apparatus for Wiring, a Wire and an integrated circuit. In 
particular, the invention relates to, for example, a method 
and an apparatus for Wiring Whose material is plugged 
sufficiently so as to prevent generation of a void or to 
prevent disconnection, a Wire and an integrated circuit 
having the Wire 

[0003] 2. Description of the Related Art 

[0004] Recently, semiconductor devices have been inte 
grated so highly that a designing rule of nanometer level has 
been applied to a design of integrated semiconductor devices 
instead of the designing rule of micron level (e.g., The 
National Technology Roadmap for Semiconductors Tech 
nology Needs, SIA, 1997 edition). A multi-layered Wiring 
structure including Wires made on each layer of multiple 
layers has been utiliZed to integrate semiconductor devices. 
An electric interconnection among these Wires made on the 
multiple layers inserting an interlayer dielectronics is con 
nected by plugging conductive material into a hole herein 
after, referred to as “a via hole”) produced in the dielectron 
ics. This is called as a plugged Wiring (also called as “a 
vertical Wiring”, hereinafter). Here, the via hole includes a 
contact hole and a via hole. 

[0005] To produce the above vertical Wiring, a thin ?lm 
deposition technique is utiliZed such as physical vapor 
deposition method (PVD method) or chemical vapor depo 
sition method (CVD method) The PVD method is roughly 
explained by the folloWing: ?rst, plasma is made from argon 
gas, etc., and voltage is impressed to the plasma to accel 
erate. The accelerated Ar ion comes into collision With target 
material, and then atoms come out of the target material to 
be plugged (This is so-called sputtering). Plugging is per 
formed by adsorbing atoms come out of the target material 
to the via hole. The CVD method is simply described as the 
method of forming a thin ?lm made from precursors sup 
plied as gas by chemical reaction on the surface of a 
substrate ?lm. 

[0006] These years, shrink of devices has been done to 
make highly integrated devices. And small feature of mul 
tilevel interconnects (=Wire) have made progress to draW 
maximum capacity according to the shrink. Because of 
shrink of the Wire and unchanged thickness of dielectrics 
layer, a ratio of vertical and/or lateral siZe of interconnects 
including dielectrics must be changed. Therefore, as com 
pared With a conventional via hole, a ratio of depth and 
diameter (aspect ratio) is changed. Namely, the aspect ratio 
becomes large according to the shrink. For example, in case 
of 4G bit DRAM, the aspect ratio becomes 6 through 8 at 
maximum. 

[0007] There is a problem that it is dif?cult to plug the 
Wiring material suf?ciently into the via hole having a large 
aspect ratio using the conventional PVD method or CVD 
method. FIG. 7 shoWs a void formation generated by 
insuf?cient deposition method. In FIG. 7, 21 via hole 10 is 
provided for an electric interconnection betWeen a Wire A 
and a Wire B through dielectronics C. Accordingly, it is 
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desired that Wiring material 101 is plugged into the via hole 
10 With no voids. HoWever, the conventional plugging 
method does not Work sufficiently, Which causes to generate 
a void 102. This may further cause a problem to increase 
interconnect resistance or in a Worse case, to generate 
disconnection. The problem is brought by poor stepcover 
age, i.e., a metal ?lm is made nonuniformly on the side 
surface of the via hole 10 at an initial stage of deposition. In 
a Worse case, the metal ?lm is not made on the side surface 
of the via hole 10. 

[0008] Stepcoverage depends on “Wettability” betWeen an 
atom or a molecule of the surface of the via hole 10 and an 
atom or a molecule of the Wiring material to be plugged 
Whether it is possible to plug the Wiring material suf?ciently 
into the via hole 10 Without generating a void. Accordingly, 
the surface of the via hole is generally improved so as to 
have good Wettability A very thin metal ?lm consisting of 
the Wiring material is formed to be used for an initial groWth 
surface. This method provides the same effect as improve 
ment of the surface. In this case, the thin metal ?lm is called 
“Wetting layer”. Namely, the Wetting layer is formed to plug 
the Wiring material suf?ciently afterWards. The above “Wet 
tability” is determined based on chemical af?nity of the 
surface of solid. 

[0009] HoWever, When the Wetting layer having good 
Wettability is formed nonuniformly on the side surface of the 
via hole 10, it is dif?cult to plug the Wiring material 
suf?ciently. As a result, the void 102 is generated. This is 
because the PVD method cannot plug the Wiring material 
suf?ciently because of geometric reason. When the CVD 
method is applied to the Wetting layer formed nonuniformly, 
it occurs a difference in the speed of forming ?lm according 
to nonuniformity of the Wetting layer. This is because the 
speed of forming ?lm is relatively proportional to the 
density of the Wetting layer formed on the surface. Accord 
ingly, the Wiring material is formed better at a region having 
higher speed of forming ?lm. As a result, the via hole 10 is 
closed, Which prevents the Wiring material from being 
supplied inside of the via hole. Therefore, the Wiring mate 
rial cannot be plugged suf?ciently. 

[0010] As has been described, it is impossible to plug the 
Wiring material suf?ciently using the conventional plugging 
method. Therefore, there is a problem to generate a void, 
Which causes to increase interconnect resistance, and in a 
Worse case, to generate disconnection. 

[0011] The present invention is provided to solve the 
above problems of the conventional methods. The invention 
aims, for example, to prevent increase of the interconnect 
resistance or disconnection due to the generation of a void 
by forming the initial groWth surface (Wetting layer) uni 
formly and plugging the Wiring material suf?ciently Further, 
the invention aims to improve the reliability of conductibil 
ity in the Wire by preventing increase of the interconnect 
resistance or disconnection due to the generation of a void. 

[0012] Yet further, the invention aims to provide a reliable 
plugged Wiring (vertical Wiring) to draW capacity of an 
integrated circuit comprising high-integrated semiconductor 
devices. 

SUMMARY OF THE INVENTION 

[0013] The main object of the invention is, for example, to 
make the initial groWth surface (Wetting layer) uniformly on 
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the surface of the via hole. To make the initial growth 
surface uniformly, however, a substrate on Which the initial 
groWth surface is made should be produced uniformly. 
Accordingly, to make the initial groWth surface uniformly 
requires to produce the substrate uniformly at a previous 
stage of the forming step of initial groWth surface. The 
present invention is directed to this requirement. 

[0014] According to the present invention, a method for 
Wiring includes a step of treating a surface of a via hole 
produced in dielectronics to provide the surface With chemi 
cal af?nity, and a step of plugging Wiring material into the 
via hole having the surface treated. 

[0015] Further, according to another aspect of the present 
invention, an apparatus for Wiring includes a surface treat 
ment unit for treating a surface of a via hole produced in 
dielectronics to provide the surface With chemical af?nity; 
and a plug unit for plugging Wiring material into the via hole 
having the surface treated. 

[0016] Further, according to another aspect of the present 
invention, a Wire includes dielectronics having a via hole 
Whose surface has been treated to have chemical af?nity; and 
Wiring material plugged into the via hole. 

[0017] Yet further, according to another aspect of the 
present invention, an integrated circuit having a plurality of 
semiconductor devices, a plurality of Wires for connecting 
electrically the plurality of semiconductor devices and 
located in respective layers of a plurality of layers having an 
interlayer consisting of dielectronics, and a vertical Wiring 
for connecting electrically the plurality of Wires located in 
the plurality of layers having the interlayer consisting of 
dielectronics, the integrated circuit includes the dielectronics 
and the vertical Wiring having Wiring material plugged into 
the via hole. 

BRIEF DESCRIPTTON OF THE DRAWINGS 

[0018] A complete appreciation of the present invention 
and many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0019] FIG. 1 is a ?oWchart shoWing a method for Wiring 
according to an embodiment of the present invention; 

[0020] FIG. 2 shoWs process steps of Wiring according to 
the embodiment; 

[0021] FIG. 3 is a ?oWchart shoWing another method for 
Wiring modi?ed from the embodiment; 

[0022] FIG. 4 shoWs a con?guration of an apparatus for 
Wiring according to an eXample of the present invention; 

[0023] FIG. 5 shoWs that NH2 is adsorbed to the surface 
of dielectronics in relation to the eXample; 

[0024] FIG. 6 shoWs that SiH3 is adsorbed to the surface 
of dielectronics in relation to the eXample; and 

[0025] FIG. 7 is an end vieW simply shoWing a void 
generated in the via hole. 

DESCRPTION OF THE PREFERRED 
EMBODIMENT 

[0026] In the folloWing, one embodiment according to the 
invention Will be described When applied to a producing 
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process of an integrated circuit (hereinafter, referred to as 
“IC”), for eXample. can be divided into “front-end process” 
and “back-end process”. “Front-end process” is a process for 
providing an IC element on the Wafer. On the other hand, 
“back-end process” is a process for electrically connecting 
the IC elements on the Wafer. The present invention can be 
applied to the “backend process”. 

[0027] As shoWn in FIG. 1, the embodiment according to 
the invention is performed after a via hole patterning step S1 
and a cleaning step S2. The via hole patterning step S1 is 
provided for producing the via hole in a dielectric layer (a 
?lm of dielectronics). Secondly, the cleaning step S2 is 
provided for removing soil on the Wafer such as contaminant 
and impurities remained after the via hole is patterned. 

[0028] The via hole patterning step S1 includes a dielec 
trics deposition step S101 for depositing a dielectric layer on 
a surface of the Wafer and a photolithography step S102 for 
producing the via hole by photo-lithographing technique in 
the dielectric layer formed at the dielectrics deposition step 
The cleaning step S2 includes a Wet cleaning step S201 for 
removing soil such as contaminant and impurities to 
increase yield. Further, the cleaning step S2 includes an 
annealing (degas) step S202 for preventing oxidation in a 
Wiring process (a surface treatment step S3, an electron 
donative layer formation step S4, and a via hole plug step 
S5). 
[0029] The embodiment of the invention includes the 
surface treatment step S3 for providing the surface of the via 
hole With chemical af?nity after the cleaning step S2 as 
shoWn in FIG. 1. The chemical af?nity shoWs a degree of 
invention, a term “chemical af?nity” is used so as to shoW 
that a certain substance having an unpaired electron or an 
ioniZed substance is apt to give rise to chemical reaction 
more easily than a substance Without an unpaired electron or 
unioniZed substance. When only one electron occupies one 
atomic (molecular) orbital, the only one electron is called 
“an unpaired electron”. Normally, the atomic (molecular) 
orbital can be occupied by tWo electrons Whose spin direc 
tions are opposite each other. Accordingly, substance having 
the unpaired electron can include another electron on its 
atomic (molecular) orbital. In other Words, substance having 
the unpaired electron is easy to react chemically, that is, the 
substance has large chemical af?nity. The above ioniZation 
includes polariZing Which is caused by that a covalent 
electron pair is attracted to an atom having large electro 
negativity because of difference in the electro-negativity 
betWeen atoms in the molecule. 

[0030] The surface treatment step S3 has an adsorption 
step S30 for adsorbing substance to the surface of the 
dielectronics as shoWn in FIG. 1. This adsorption step S30 
includes, at ?rst, an annealing step S301 for annealing the 
dielectronics having the via hole. The annealing step S301 is 
necessary for dissociating precursors supplied hereinafter. 
Here, the dissociation means to resolve one molecule into 
atoms or atomic group. 

[0031] Secondly, the adsorption step S30 includes an 
active site formation step S302 for supplying and diffusing 
the precursors of substance to be adsorbed chemically to the 
dielectronics composing the surface of the via hole. The 
precursors diffused at the active site formation step S302 
dissociates by S301, and the dissociated substance adsorbs 
to the dielectronics chemically. Here, “chemical adsorption” 
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means an adsorption bonding chemically by exchanging an 
electron or by forming a hybridized orbital betWeen the atom 
(molecule) composing the surface of the via hole and the 
atom (molecule) adsorbed on the surface of the via hole. The 
surface treatment step S3 con?gured as described above 
enables to adsorb the substance chemically to the surface of 
the via hole. Namely, the adsorbed substance is ioniZed or 
has an unpaired electron by donating an electron from the 
adsorbed substance to the substance on the surface of the via 
hole. The substance can also be ioniZed or have an unpaired 
electron by an inverse phenomenon, namely, by donating an 
electron from the substance on the surface of the via hole to 
the adsorbed substance. Hereinafter, this ioniZed substance 
or the substance having an unpaired electron is called an 
active site. In the above Way, the chemical affinity can be 
provided to the surface of the via hole. 

[0032] To make the ?lm donating an electron uniformly at 
the electron donative layer formation step S4 described 
beloW or to make the Wetting layer uniformly at the via hole 
plug step described beloW, the density of the substance 
(active site) adsorbed chemically at the surface treatment 
step S3 is desired to be equal to or more than 12 poWer of 
10 per 1 square centimeter. Normally, the atomic density of 
the surface of solid is around 15 poWer of 10 per 1 square 
centimeter. In other Words, the adsorption is desired to be 
performed so that the density of the adsorbed substance 
becomes equal to or more than 1/1000 to the atomic density 
of the surface of the via hole. 

[0033] The above-described surface treatment step S3 
aims to provide the substance or the substance having an 
unpaired electron (active site) chemically. Namely, it is 
possible to eliminate the annealing step S301 if the above 
object is accomplished. For example, the above object can 
be accomplished in another Way such that plasma is gener 
ated by using high-frequency Wave and the plasma is 
supplied to the surface of the via hole. Therefore, the 
dissociation also means that one molecule is resolved into 
ions of atoms or atomic group composing the molecule. 

[0034] It is desirable for the precursors supplied at the 
active site formation step S302 to be such a substance that 
is ioniZed or comes to have an unpaired electron by adsorb 
ing to the dielectronics composing the surface of the via hole 
chemically. From this point of vieW, the folloWing sub 
stances are desired for the precursors: 

[0035] (a) a hydrogen atom or a hydrogen molecule; 

[0036] (b) a hydride, an organic compound or a com 
plex compound of B (boron), C (carbon), N (nitrogen), 
P (phosphorus), Si (silicon), Ge (germanium), As 
(arsenic), Mg (magnesium), Ta (tantalum), Nb (nio 
bium), W (tungsten), Ni (nickel), Cu (copper), Ag 
(silver), Au (gold); 

[0037] (c) a hydride, an organic compound or a complex 
compound composed of diatomic molecule of B, C, N, 
P, Si, Ge, As, Mg, Ta, Nb, W, Ni, Cu, Ag, and Au; 

[0038] (d) a halogenide of B, C, N, P, Si, Ge, As, Mg, 
Ta, Nb, W, Ni, Cu, Ag, and Au; or a halogenide 
composed of diatomic molecule of B, C, N, P, Si, Ge, 
As, Mg, Ta, Nb, W, Ni, Cu, Ag, and Au; 

[0039] (e) a cyclic hydride; 

[0040] (g) a complex compound. 
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[0041] The hydrogen atom shoWn in the above (a) has 
only one electron on the atomic orbital. Namely, as the 
hydrogen atom has an unpaired electron, it is apt to adsorb 
to the surface of the via hole chemically. Further, electrone 
gativity of hydrogen is relatively smaller than silicon atom 
(Si) or oxygen atom Therefore, the chemically adsorbed 
hydrogen atom is polariZed (is ioniZed) and can provide the 
surface of the via hole With the chemical af?nity. 

[0042] When the electro-negativity of the hydrogen 
included in the hydrides listed in the above (b), (c) and (e) 
is smaller than the electro-negativity of another element, the 
hydrogen has positive electricity. Further, one of tWo elec 
trons occupying the molecular orbital of the hydrides is used 
for bonding With an atom composing the dielectronics, and 
the other electron becomes an unpaired electron. Accord 
ingly, the hydrides can provide the surface of the via hole 
With the chemical af?nity. 

[0043] The substances listed in the above (d) can provide 
the surface of the via hole With the chemical af?nity. First, 
halogen is a general term for 5 elements belonging to 7B of 
the periodic table, Which are ?uorine, chlorine, bromine, 
iodine, and astatine. The halogen has 7 valence electrons on 
the outermost shell, Which means one electron is missing as 
compared With the maximum number 8 of valence electrons. 
The atom Which includes the maximum number of valence 
electrons on the outermost shell is stable, therefore, the 
halogen tends to receive another electron from other atom. 
Namely, the electro-negativity of halogen is larger than the 
electro-above (d) is polariZed because of its structure. There 
fore, the halogenides can provide the surface of the via hole 
With the chemical af?nity. 

[0044] Next, the embodiment of the invention has the 
electron donative layer formation step S4 as shoWn in FIG. 
1. The electron donative layer formation step S4 is a process 
for forming a layer having a characteristic donating an 
electron to a compound including the Wiring material (for 
example, copper or aluminum). Namely, the process makes 
the layer donating an electron by using the substance 
adsorbed at the surface treatment step S3 as a core. This 
layer donates an electron to the precursors for the CVD 
method Which Will be used at a Wetting layer formation step 
S501 described later, and this layer causes the precursors 
used in the CVD method to disproportionate. In other Words, 
the electron donative layer formation step S4 is a process for 
making a layer having the above characteristic to facilitate 
to make up the Wiring material at the Wetting layer formation 
step S501. 

[0045] Further, in the CVD method, substrate should be 
uniform in a premise. Since the substance having chemical 
af?nity (active site) is provided sufficiently by the above 
surface treatment step S3, the layer (substrate) can be made 
uniformly at the electron donative layer formation step S4. 

[0046] The disproportionation used in the CVD method 
mentioned above means that at least tWo molecules of one 
kind react mutually such as oxidation, reduction and so on 
and as a result, at least tWo kinds of substances are gener 
ated. For example, the above de?nition Will be copper (Cu): 
univalent plus ion Cu"; and bivalent plus ion Cu2+. Here, the 
disproportionation is that When an electron is donated/ 
received to/from tWo univalent plus ions Cu”, one Cu+ 
becomes oxidiZed into Cu”, and the other Cu+ becomes 
reduced into Cu. The oxidation is a reaction to lose an 
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electron, and the reduction is a reaction to gain an electron. 
Therefore, to disproportionate, it is required to be a sub 
stance to become bivalent ion at least. 

[0047] The layer made at the electron donative layer 
formation step S4 has characteristics to be ioniZed at least 
bivalent ion and to cause the precursors for the CVD method 
to disproportionate by donating an electron to the precursors 
for the CVD method used at the via hole plug step S5. 
Concrete examples of substances suitable for the electron 
donative layer are the folloWing atoms, compound of the 
atoms With Si (silicon), compound of the atoms With B 
(boron), and compound of the atoms With N (nitrogen): Mg 
(magnesium); Al (aluminum); P (phosphorus); S (sulfur); Ti 
(titanium); V (vanadium); Cr (chrome); Mn (maganese); Co 
(cobalt); Ni (nickel); Cu (copper); Nb (niobium); Mo 
(molybdenum); Ag (silver); Hg (mercury); Ta (tantalum); W 
(tungsten); Pt (platinum); and Au (gold). 

[0048] As described above, the layer made at the electron 
donative layer formation step S4 is a ?lm having a charac 
teristic to cause the precursors for the CVD method to 
disproportionate by donating an electron to the precursors 
for the CVD method used at the via hole plug step S5. 
HoWever, in short, it is sufficient for the ?lm to have a 
characteristic to cause the precursors for the CVD method 
used at the via hole plug step S5 to to reduce activation 
energy for disproportionation can be replaced With the 
electron donative layer formation step S4. 

[0049] Next to the above step, the embodiment of the 
invention has a via hole plug step S5 as shoWn in FIG. 1. 
This via hole plug step S5 is a process for plugging con 
ductive Wiring material into the via hole. The via hole plug 
step S5 includes a Wetting layer formation step S501 for 
forming an initial groWth surface having good Wettability 
(Wetting layer). Then, the via hole plug step S5 has a plug 
step S502 for plugging the Wiring material by the CVD 
method, the PVD method, a plating method, etc. 

[0050] Further, after plugging the Wiring material, the via 
hole plug step S5 has an annealing or pressure load step 
S503 for annealing or pressuring the plugged material. 
Generally, the plugged Wiring material includes internal 
distortions due to the dislocation and so on. Because the 
Wiring material in such status has high energy, the such 
status should relax into the status Without internal distortion. 
In this relaxing process, characteristics of the ?lm such as 
electric conductivity change. Accordingly, to obtain stable 
electric conductivity, relaxing process is required to perform 
promptly. The relaxation can progress at room temperature, 
hoWever, it takes a large amount of time to relax at room 
temperature. On the other hand, heating or pressuring makes 
the relaxation progress quickly. Namely, to relax the internal 
distortion in a short time, heating or pressuring is applied. 

[0051] The embodiment of the invention is con?gured as 
has been described above, and an operation and an effect 
Will be explained in the folloWing. 

[0052] As shoWn in (a) of FIG. 2, an interlayer dielectric 
?lm is formed on the hole is patterned on the dielectric layer 
by a technique of photolithography as shoWn in (b) of FIG. 
2 (via hole patterning step S1). Then, a soil or contaminant 
remained after patterning the via hole is cleaned and mois 
ture is removed by heating as shoWn in (c) of FIG. 2 
(cleaning step S2) 
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[0053] Next, as shoWn in (d) of FIG. 2, the dielectronics 
having the via hole is heated, and treatment gas of the 
precursors Which is adsorbed chemically to the dielectronics 
of the surface of the via hole is diffused over the surface of 
the dielectronics. When the treatment gas is contacted With 
the heated surface of the via hole, the gas is given an energy 
from the heated dielectronics, and the chemical bond of the 
gas is disconnected to result in decomposition. The sub 
stance generated by the decomposition is adsorbed chemi 
cally to an atom of the surface of the via hole to become an 
active site as shoWn in (e) of FIG. 2 (surface treatment step 
S3). 
[0054] Then, a ?lm consisting of substance having an 
electron donative characteristic is deposited by the CVD 
method. The surface of the dielectronics is heated as shoWn 
in of FIG. 2, and the precursor gas is supplied. Conse 
quently, the precursors is decomposed and the substance 
having an electron donative characteristic is generated by 
the chemical reaction. As shoWn in (g) of FIG. 2, the 
substance having an electron donative characteristic groWs 
around the active site having the chemical affinity and acting 
as a core. As a suf?cient number of active sites are provided, 
the ?lm can be made uniformly (the electron donative layer 
formation step S4). 

[0055] Then, the Wetting layer is formed by the CVD 
method. Namely, as precursors is supplied to generate the 
Wiring material by disproportionation. When the precursors 
is contacted With the surface of the via hole, an electron is 
supplied from the electron donative layer, Which causes 
disproportionation. Consequently, the Wiring material gen 
erated by the disproportionation is made on the surface of 
the electron donative layer. Then, as shoWn in of FIG. 2, 
the Wiring material is plugged by the PVD method, the CVD 
method, the plating method, and so on. After plugging the 
material, heating or pressure load process is performed as 
shoWn in of FIG. 2 to eliminate atomic defect (via hole 
plug step S5). 
[0056] The above embodiment includes the electron dona 
tive layer formation step S4. This step is necessary to cause 
the precursors used at the via hole plug step S5 to dispro 
portionate by donating the electron and necessary to form 
the ?lm having good “Wettability” for the Wiring material to 
be plugged thereafter. Further, if the via hole plug step S5 is 
processed Without previously performing the electron dona 
tive layer formation step S4, the dielectronics reacts With the 
Wiring material to generate nonconductive oxide, Which 
increases the interconnect resistance. Namely, the electron 
donative layer formation step S4 is necessary for preventing 
a direct chemical reaction betWeen the Wiring material and 
the dielectronics. 

[0057] HoWever, the present invention includes the sur 
face treatment step S3 for making the active site Which 
becomes a core for forming the ?lm on the surface of the 
dielectronic layer. Accordingly, in case a suf?cient number 
of active sites are made to prevent chemical reaction 
betWeen the Wiring material and the dielectronics, the elec 
tron donative layer formation shoWn in FIG. 3. 

[0058] In FIG. 3, at a surface treatment step S33, the 
active sites are made on the surface of the via hole produced 
through a via hole patterning step S31 and a cleaning step 
S32. And the active sites provide the surface of the via hole 
With the chemical af?nity. The electron donative layer 
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formation step is omitted, and the plugged Wiring (vertical 
Wiring) can be made by a via hole plug step S34. 

[0059] In another Way, the Wetting layer formation step 
S501 included in the via hole plug step S5 shoWn in FIG. 1 
is not alWays required, but the plug step can be started 
Without the Wetting layer formation step. Further, the step 
S503 for annealing or pressure load is not alWays required. 
Namely, When the change of the electric conductivity due to 
the relaxation does not generate so many problems, the 
annealing or pressure load step can be omitted. 

[0060] In the folloWing, an example case that the embodi 
ment of the invention is applied to plugging Cu (copper) or 
Al (aluminum) Will be explained. As shoWn in FIG. 4, an 
apparatus for Wiring according to the present invention has 
a surface treatment unit 1, an electron donative layer form 
ing unit 2, and a plug unit 3. Each unit can control heating 
and pressuring. 

[0061] ArroWs in FIG. 4 shoW the path for carrying a 
Wafer to make a Wire thereon. The Wafer provided With a via 
hole in an interlayer dielectric ?lm produced on the Wafer, 
and the Wafer is carried out from “OUT”. 

[0062] The Wafer provided With the via hole in the inter 
layer dielectric ?lm and annealed is carried in the surface 
treatment unit 1 shoWn in FIG. 4. The surface treatment unit 
1 heats the Wafer up to 400° C. from the room temperature, 
and supplies hydraZine (N2H4) to the surface of the Wafer as 
shoWn in FIG. 5. Then, When the hydraZine is contacted 
With the surface of the via hole, covalent band betWeen 
nitrogen atoms is disconnected and the hydraZine molecule 
decomposes into NH2 molecules having an unpaired elec 
tron as shoWn in the folloWing chemical formula 

[0063] Since the NH2 molecule has the chemical af?nity, 
the NH2 molecule is adsorbed chemically to the surface of 
SiO2 as shoWn in FIG. 5. Here, because an electro-negativ 
ity of nitrogen (N) is lager than hydrogen (H), the electron 
of N—H bond is attracted by the nitrogen Further, the 
structure of NH2 molecule is not symmetric as the hydraZine. 
Accordingly, the adsorbed NH2 molecule has polarity, 
namely, has chemical affinity. In this Way, the surface of the 
via hole having chemical af?nity can be made. 

[0064] Next, the electron donative layer forming unit 2 
makes a ?lm consisting of TaN by the CVD method. 
Concretely, under pressure of 0.1 Torr through 10 Torr, the 
Wafer is heated up to around 300° C. through 500° C. from 
the room temperature. Then, penta-ethoxide (Ta(OC2H6)5) 
and ammonia (NH3) is supplied. Consequently, TaN having 
an electron donative characteristic is generated on the sur 
face of the via hole by the chemical reaction expressed by 
chemical formula TaN has a characteristic of metal. As 
TaN has an electron donative characteristic, TaN is apt to be 
adsorbed to hydrogen having a positive polarity in the NH2 
molecule. Since NH2 molecules act as cores, a ?lm consist 
ing of TaN can be made uniformly. The ?lm of TaN is 
formed to have thickness of around 5 nm. 

[0065] Then, by the CVD method, the plug unit 3 plugs the 
Wiring material of Cu (copper) on the Wafer With the TaN 
?lm formed at the electron donative layer forming unit 2. 
First, the Wafer is heated up to around 150° C. through 400° 
C. from the room temperature under pressure of 0.1 Torr 
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through 10 Torr. And then, hexa?uoro acetylacetonato tri 
methyl venylsilyl copper (I) (hereinafter, referred to as 
Cu(tmvs)(hfac)) Which is the precursors is supplied. Con 
sequently, Cu is generated on the surface of the via hole by 
the disproportionation expressed by chemical formula 

[0066] Here, When the diameter of the via hole is, for 
example, less than around 150 nm, the material can be 
plugged by the above CVD method. On the other hand, 
When the diameter of the via hole is large such as more than 
150 nm, Cu is deposited as far as 20 nm by the above CVD 
method, and then Cu is plugged into the via hole by the PVD 
method or the plating method. This is because of cost 
performance due to the structure of apparatus or the speed of 
forming a ?lm. After Cu has been plugged, the Wafer is 
heated at the temperature of equal to or less than 400° C. for 
10 minutes. 

[0067] Next, a case that Al (aluminum) is plugged Will be 
explained. The Wafer provided With the via hole in the 
interlayer dielectric ?lm and surface treatment unit 1 heats 
the Wafer up to 400° C. from the room temperature, and 
supplies disilane (Si2H6) to the surface of the Wafer as 
shoWn in FIG. 6. Then, When disilane is contacted With the 
heated surface of the via hole, covalent bond betWeen silicon 
atoms is disconnected and disilane molecule decomposes 
into SiH3 molecules having an unpaired electron as 
expressed by the folloWing chemical formula 

[0068] Since SiH3 molecule has chemical affinity, SiH3 
molecule is adsorbed chemically to the surface of SiO2 as 
shoWn in FIG. 6. Here, an electro-negativity of silicon (Si) 
is larger than hydrogen (H), therefore the electron of Si—H 
bond is attracted by silicon (Si). Further, the structure of 
SiH3 molecule is not symmetric as disilane. Accordingly, the 
adsorbed SiH3 molecule has polarity, namely, has chemical 
af?nity. In this Way, the surface of the via hole having the 
chemical af?nity can be made. 

[0069] Next, the electron donative layer forming unit 2 
makes a ?lm consisting of TiN by the CVD method. Under 
pressure of 0.1 Torr through 10 Torr, the Wafer is heated up 
to around 300° C. through 550° C. from the room tempera 
ture. And then, titanium tetrachloride (TiCl4) and ammo 
nium (NH3) is supplied. Consequently, TiN having an elec 
tron donative characteristic is generated on the surface of the 
via hole by the chemical reaction expressed by chemical 
formula 

[0070] TiN has a characteristic of metal. As TiN has an 
electron donative characteristic and is apt to be adsorbed to 
hydrogen having positive polarity can be made uniformly. 
The TiN ?lm is made to have thickness of around 10 nm. 

[0071] Then, by the CVD method, the plug unit 3 plugs the 
Wiring material of Al (aluminum) on the Wafer With the TiN 
?lm formed in the electron donative layer forming unit 2. 
First, the Wafer is heated up to around 150° C. through 400° 
C. from the room temperature under pressure of 0.1 Torr 
through 10 Torr. Next, HAl(CH3) and hydrogen gas Which 
is precursors is supplied. Consequently, Al is generated on 
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the surface of the via hole by the disproportionation 
expressed by chemical formula 

[0072] Here, When the diameter of the via hole is, for 
example, less than around 150 nm, the material can be 
plugged by the above CVD method. On the other hand, 
When the diameter of the via hole is large such as equal to 
or more than 150 nm, an Al ?lm is formed as far as 20 nm 
by the above CVD method, and then Al is plugged into the 
via hole by the PVD method or the plating method. This is 
because of cost-performance due to the structure of appa 
ratus or the speed of forming ?lms. Consequently, after Al 
is plugged, the via hole is heated at the temperature of less 
than 400° C. for 10 minutes. 

[0073] It is sometimes desired to use mixture of copper 
and aluminum as the Wiring material plugged into the via 
hole instead of element such as copper or aluminum because 
of request of characteristics of ?lm, for example, electric 
conductivity. Here, for example, When Cu(tmvs)(hfac) is 
added so that partial pressure of Cu(tmvs)(hfac) becomes 
equal to or less than 10% for total pressure of HAl(CH3) and 
Cu(tmvs)(hfac), the Wiring material including atoms can be 
made. 

[0074] In the above example, the surface treatment unit 1, 
the electron donative layer forming unit 2, and the plug unit 
3 are composed into an apparatus for Wiring. HoWever, in 
another Way, three apparatuses respectively including three 
units can be composed into an apparatus for Wiring. 

[0075] The present invention can provide the surface of 
the via hole produced in the dielectronics With the chemical 
af?nity as described above, Which enables to make an initial 
groWth surface uniformly and the Wiring material can be 
plugged suf?ciently. Namely, since it is possible to plug the 
Wiring material sufficiently, the invention is effective to 
prevent increasing the interconnect resistance or disconnec 
tion due to the generation of a void. 

[0076] Further, the invention brings an effect to improve 
the reliability of conductivity in the Wiring by preventing 
increasing the interconnect resistance or disconnection due 
to the generation of a void. 

[0077] Yet further, the invention improves the reliability of 
multi-layered Wiring by providing the reliable plugged Wir 
ing (vertical Wiring). Accordingly, the invention brings an 
effect to draW suf?ciently a capacity of an integrated circuit 
comprising semiconductor devices Which are highly inte 
grated using the multi-layered Wiring. 

[0078] Having thus described several particular embodi 
ments of the present invention, various alterations, modi? 
cations, and improvements Will readily occur to those skilled 
in the art. Such alterations, modi?cations, and improvements 
are intended to be part of this disclosure, and are intended to 
foregoing description is by Way of example only, and is not 
intended to be limiting. The present invention is limited only 
as de?ned in the folloWing claims and the equivalents 
thereto. 

What is claimed is: 
1. A method for Wiring, comprising: 

treating a surface of a via hole produced in dielectronics 
to provide the surface With chemical af?nity; and 

Feb. 21, 2002 

plugging Wiring material into the via hole having the 
surface treated. 

2. The method according to claim 1, betWeen the step of 
treating and the step of plugging, further comprising form 
ing a ?lm on the via hole having the surface treated. 

3. The method according to claim 2, Wherein the step of 
plugging plugs Wiring material generated from precursors by 
chemical reaction; and the step of forming the ?lm forms a 
?lm donating/receiving an electron betWeen the ?lm and the 
precursors. 

4. The method according to claim 2, Wherein the step of 
plugging plugs Wiring material generated from precursors by 
chemical reaction; and the step of forming the ?lm forms a 
?lm acting as a catalyst to accelerate the chemical reaction 
of generating the Wiring material to be plugged from the 
precursors. 

5. The method according to claim 1, Wherein the step of 
treating includes diffusing a substance and adsorbing the 
substance chemically to the surface of the via hole produced 
in the dielectronics. 

6. The method according to claim 5, Wherein the step of 
adsorbing adsorbs at least one of folloWing substances to the 
surface of the via hole: 

(a) hydrogen atom, or hydrogen molecule; 

(b) hydride, organic compound or complex compound of 
B (boron), C (carbon), (magnesium), Ta (tantalum), Nb 
(niobium), W (tungsten), Ni (nickel), Cu (copper), Ag 
(silver), Au (gold); 

(c) hydride, organic compound or complex compound 
composed of diatomic molecule of B, C, N, P, Si, Ge, 
As, Mg, Ta, Nb, W, Ni, Cu, Ag, and Au; 

(d) halogenide of B, C, N, P, Si, Ge, As, Mg, Ta, Nb, W, 
Ni, Cu, Ag, and Au; or halogenide composed of 
diatomic molecule of B, C, N, P, Si, Ge, As, Mg, Ta, 
Nb, W, Ni, Cu, Ag, and Au; 

(e) cyclic hydride; 

(f) organic compound; and 

(g) complex compound. 
7. The method according to claim 5, Wherein the step of 

adsorbing adsorbs the substance to the dielectronics for 
density of the substance to be equal to or more than 
1E12/square centimeter. 

8. An apparatus for Wiring comprising: 

a surface treatment unit for treating a surface of a via hole 
produced in dielectronics to provide the surface With 
chemical af?nity; and 

a plug unit for plugging Wiring material into the via hole 
having the surface treated. 

9. The apparatus according to claim 8, betWeen the 
surface treatment unit and the plug unit, further comprising 
a ?lm forming unit for forming a ?lm on the via hole having 
the surface treated. 

10. The apparatus according to claim 9, Wherein: 

the plug unit plugs Wiring material generated from pre 
cursors by chemical reaction; and 

betWeen the ?lm and the precursors. 
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11. The apparatus according to claim 9, wherein: 

the plug unit plugs Wiring material generated from pre 
cursors by chemical reaction; and 

the ?lm forming unit forms a ?lm acting as a catalyst to 
accelerate the chemical reaction of generating the Wir 
ing material to be plugged from the precursors. 

12. The apparatus according to claim 8, Wherein the 
surface treatment unit diffuses and adsorbs a substance to be 
adsorbed chemically to the surface of the via hole produced 
in the dielectronics. 

13. The apparatus according to claim 12, Wherein the 
surface treatment unit adsorbs at least one of folloWing 
substances to the surface of the via hole: 

(a) hydrogen atom, or hydrogen molecule: 
(b) hydride, organic compound or complex compound of 
B (boron), C (carbon), N (nitrogen), P (phosphorus), Si 
(silicon), Ge (germanium), As (arsenic), Mg (magne 
sium), Ta (tantalum), Nb (niobium), W (tungsten), Ni 
(nickel), Cu (copper), Ag (silver), Au (gold); 

(c) hydride, organic compound or compleX compound 
composed of diatomic molecule of B, C, N, P, Si, Ge, 
As, Mg, Ta, Nb, W, Ni, Cu, Ag, and Au; 

(d) halogenide of B, C, N, P, Si, Ge, As, Mg, Ta, Nb, W, 
Ni, Cu, Ag, and Au; or halogenide composed of 
diatomic molecule of B, C, N, P, Si, Ge, As, Mg, Ta, 
Nb, W, Ni, Cu, Ag, and Au; 

(e) cyclic hydride; 
(g) complex compound. 
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14. The apparatus according to claim 12, Wherein the 
surface treatment unit adsorbs the substance to be adsorbed 
to the dielectronics for density of the substance to be equal 
to or more than 1E12/square centimeter. 

15. A Wire comprising: 

dielectronics having a via hole Whose surface has been 
treated to have chemical af?nity; and 

Wiring material plugged into the via hole. 
16. The Wire according to claim 15 further comprising a 

?lm betWeen the aperture and the Wiring material. 
17. An integrated circuit having: 

a plurality of semiconductor devices; 

a plurality of Wires for connecting electrically the plural 
ity of semiconductor devices and located in respective 
layers of a plurality of layers having an interlayer 
consisting of dielectronics; 

a vertical Wiring for connecting electrically the plurality 
of Wires located in the plurality of layers having the 
interlayer consisting of dielectronics, the integrated 
circuit comprising: 

the dielectronics having a via hole Whose surface has been 
treated to have chemical af?nity; and 

the vertical Wiring having Wiring material plugged into 
the via hole. 


