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(57) ABSTRACT 

A semiconductor device manufacturing apparatus which uses 
a thermal CVD reaction to deposit a film onto a substrate has 
a ring with an electrode terminal that makes contact with 
either the substrate or the deposited film thereon, a power 
Supply that applies a current or a potential to this electrode 
terminal of the ring, and a piston cylinder mechanism for 
moving the ring up and down, so as to cause its electrode 
terminal to make and break contact with the substrate or 
deposited film thereon. 
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SEMCONDUCTOR DEVICE 
MANUFACTURINGAPPARATUS AND 

SEMCONDUCTOR DEVICE 
MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of copending U.S. 
application Ser. No. 1 1/690,089, filed Mar. 22, 2007 and U.S. 
application Ser. No. 10/626.233, filed Jul. 24, 2003, now U.S. 
Pat. No. 7,220,318, which in turn is a divisional of U.S. 
application Ser. No. 09/273,627, filed Mar. 23, 1999, now 
U.S. Pat. No. 6,670,270. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an apparatus for 
manufacturing and a method for manufacturing a semicon 
ductor device, and more particularly to a semiconductor 
device manufacturing apparatus and method for the purpose 
of forming, using athermal CVD (chemical vapor deposition) 
method to form on a substrate a metallic film such as a film of 
copper oraluminum, a high dielectric coefficient layer Such as 
a layer of titanium oxide strontium, and a ferroelectric film 
Such as BST or TZT. 

0004 2. Description of the Related Art 
0005. In general, in fabricating a wire (a so-called dama 
scene copper wire) by burying copper in a trench of a wiring 
pattern, a thermal CYD apparatus is used to deposit copper 
onto the substrate. FIG. 6 shows a general view of a thermal 
CVD apparatus in the past. 
0006. As shown in FIG. 6, a thermal CVD apparatus in the 
past has a hollow vacuum chamber 60, a vacuum pump 61 
Such as a turbomolecular pump for the purpose of exhausting 
the inside of the vacuum chamber 60 to a vacuum condition, 
a substrate holder 62, provided within the vacuum chamber 
60, which holds a substrate W. a vaporizer 63 which atomizes 
the copper to be deposited on the substrate Was the raw gas, 
and a feed port 64 for the purpose of Supplying the raw gas 
from the vaporizer 63 to within the vacuum chamber 60. 
0007. The substrate holder 62 has a substrate heating 
mechanism which is capable of controlling the temperature of 
the substrate W to within the range from 100° C. to 400° C. 
When depositing copper, the temperature is controlled to 
approximately 200°C. 
0008 Next, the method of depositing a copper film for the 
purpose of forming a copper wire using athermal CVD appa 
ratus of the past will be described. First, a trench is formed in 
the region in which a wire is to be formed on the silicon oxide 
film of the semiconductor substrate W. 

0009 Next, the above-noted substrate W is supported on 
top of the substrate holder 62 of the thermal CVD apparatus. 
The inside of the vacuum chamber 60 is brought to a vacuum 
condition beforehand by the vacuum pump 61. 
0010 Next, the substrate heating mechanism of the sub 
strate holder 62 is caused to operate, so as to heat the substrate 
to a prescribed temperature. Simultaneously with this action, 
the Cu(hfac) (tmvs) raw gas, which has been vaporized by the 
vaporizer 63 is supplied to the supply port 64, together with a 
hydrogen carrier gas, and a copper film of a prescribed thick 
ness is deposited onto the substrate W. 
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0011. Then, using a CMP (chemical mechanical polish 
ing) method, the deposited copper film is polished, so that 
copper remains only within the trench, thereby forming the 
copper wire. 
0012. In the Japanese Examined Patent Publication 
(KOKOKU) No. 1-19467 and the Japanese Unexamined 
Patent Publication (KOKAI) No. 2-119125 and in the Japa 
nese Unexamined Patent Publications (KOKAI) Nos. 
3-97871 and 3-257099, there is technology disclosed directed 
to the application of a voltage to a substrate holder that holds 
a Substrate in a plasma CVD apparatus. 
0013 The major reaction of the above-described copper 
deposition reaction is chiefly the disproportionate reaction 

0014. The rate of this reaction is established by the absorp 
tion of the 2 Cu'(hfac) molecules at the deposition surface 
and the movement of charge and removal of reaction prod 
uctS. 

0015 The driving forces of these rate-determining reac 
tions are such things as the thermal energy according to the 
temperature of the Substrate surface, and the amount of raw 
gas that is Supplied, and it is difficult to improve the rate of 
reaction by means of these quantities. 
0016. The above-noted disproportionate reaction is, in 
principle, a reversible reaction, and it is thought that there is 
a limit to the control of the direction of the reaction by means 
of isotropic heat. 
0017. In formation of a copper wire using a thermal CVD 
apparatus of the past, in order to improve coverage it was 
necessary to lower the Substrate temperature, which causes 
the rate of copper deposition to become slow (for example, 20 
nm/minute). As a result, the time for fabrication of the semi 
conductor device becomes long, this resulting in a drop in 
productivity. 
0018. In the method of the past, because it was not possible 
to control the crystal orientation in the film that was formed, 
it was difficult to deposit a film having good quality with 
polarity alignment. 
0019. Additionally, in order to improve the reliability of 
the copper wires, it is necessary to control the grain growth in 
the copper film. With the method of the past, however, it was 
difficult to control grain growth. 
0020. In the plasma CVD apparatus technology that was 
disclosed in the above-noted Japanese Patent Publications, a 
bias Voltage is applied to the Substrate, and ions such as argon 
are allowed to collide with the surface of the substrate, the 
purpose being to impure the film Surface purity and step 
coverage, and improve the flatness of the film Surface, this 
being intrinsically different from the technology of the 
present invention, which uses an electrostatic action or the 
action of an electrical current. 
0021. Accordingly, it is an object of the present invention 
to solve the problems noted above, and to provide an appara 
tus and method for manufacturing a semiconductor device, 
whereby it is possible to promote the deposition of a film and 
to control the rate of film deposition, the crystal orientation, 
and the growth of grains. 

SUMMARY OF THE INVENTION 

0022. In order to achieve the above-noted object, the 
present invention has the following described technical con 
stitution. 
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0023 Note that, one aspect of the present invention is that 
an apparatus for manufacturing a semiconductor device 
which has a basic technical conception in that a semiconduc 
tor device manufacturing apparatus that uses a thermal CVD 
reaction to deposit a film onto a Substrate, the apparatus 
having a power Supply means that Supplies electric current to 
the substrate or the film deposited thereupon. 
0024. And a second aspect of the present invention is that 
a semiconductor device manufacturing method for depositing 
a film on a substrate by a thermal CVD reaction, wherein the 
film is deposited on a substrate while a current is applied to 
the substrate or film deposited thereupon. 
0025 Specifically, an apparatus for manufacturing a semi 
conductor device according to the present invention is a semi 
conductor device manufacturing apparatus which uses ather 
mal CVD reaction to deposit a film onto a substrate, and 
which has a power Supply that either applies a current or a 
potential to a substrate or to a film that is deposited onto the 
substrate. 

0026. An apparatus for manufacturing a semiconductor 
device according to the present invention is a semiconductor 
device manufacturing apparatus which uses a thermal CVD 
reaction to deposit a film onto a Substrate, this apparatus 
having a Supporting means on which the electrode terminal 
units are supported, comprising, for example, a rectangular or 
a ring like frame as well as a plate having for example, a 
rectangular or a ring like aperture therein, and which has an 
electrode terminal that makes contact with the substrate or 
with film that is deposited onto the substrate, a power supply 
that applies either a current or a potential to the electrode 
terminal of the ring, and means for moving the ring so that it 
makes contact with or is removed from the substrate or with 
film that is deposited onto the substrate. 
0027. The above-noted electrode unit supporting means 
Such as the ring, can have a positive electrode terminal units to 
which a positive Voltage is applied and a negative electrode 
terminal to which a negative Voltage is applied, these being 
disposed in opposition to each other. 
0028. A plurality of the above-noted electrode terminal 
units can be disposed in opposition on a circle that is concen 
tric to the Supporting means, for example, the ring, the power 
Supply applying a Voltage to each electrode terminal unit, 
independently, a positive Voltage being applied to one and a 
negative Voltage being applied to the other of the opposing 
electrode terminal units, and it also being possible to sequen 
tially Switch the positive and negative Voltages that are 
applied to adjacent electrode terminal units. 
0029. A semiconductor device manufacturing apparatus 
according to the present invention can also have means for 
monitoring the potential of the substrate or a film that is 
deposited thereupon, and for controlling the current or Volt 
age or the temperature of the Substrate, based on that poten 
tial. 

0030. A semiconductor device manufacturing apparatus 
according to the present invention preferably enables the 
setting of the potential of the substrate or a film that is depos 
ited thereupon to, for example, an arbitrary ground potential 
or the like. 

0031. Another semiconductor device manufacturing 
apparatus according to the present invention is a semiconduc 
tor device manufacturing apparatus that uses a thermal CVD 
reaction to deposit a film onto a Substrate, this apparatus 
having means for generating a current or a potential in the 
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substrate or a film that is deposited thereupon, without com 
ing into contact with the Substrate or a film that is deposited 
thereupon. 
0032. The above-noted generating means is, for example, 
a magnetic generating means that applies magnetic flux to the 
substrate or to a film that is deposited thereupon. 
0033. A method of manufacturing a semiconductor device 
according to the present invention is a semiconductor device 
manufacturing method whereby a thermal CVD reaction is 
used to deposit a film onto a substrate, whereby the film is 
deposited as a current or a potential is applied to the Substrate 
or to a film that is deposited thereupon. 
0034. A method of manufacturing a semiconductor device 
according to the present invention is additionally one in 
which a thermal CVD reaction is used to deposit a film onto 
a substrate, whereby the film is deposited as the potential of 
the substrate or a film deposited thereupon is set to an arbi 
trary ground potential. 
0035. Yet another method of manufacturing a semicon 
ductor device according to the present invention is one in 
which a thermal CVD reaction is used to deposit a film onto 
a Substrate, whereby, for example, magnetic flux are applied 
So as to apply a current or a potential to the Substrate or a film 
deposited thereupon, without making contact with the Sub 
strate or the film deposited thereupon. 
0036 Yet another method of manufacturing a semicon 
ductor device according to the present invention has: 
0037 (1) a step of depositing a film onto a substrate using 
a thermal CVD reaction and 
0038 (2) a step of depositing a film by using a thermal 
CVD reaction as a current or potential is applied to the depos 
ited film. 
0039. Yet another method of manufacturing a semicon 
ductor device according to the present invention has: 
0040 (1) a step of forming a trench on a semiconductor 
Substrate, 
0041 (2) a step of depositing a barrier layer for the pur 
pose of preventing film diffusion within the trench, 
0042 (3) a step of depositing a film onto the barrier layer 
by using a thermal CVD reaction, 
0043 (4) a step of depositing a film by using a thermal 
CVD reaction while applying a current or a potential to the 
deposited film, and 
0044 (5) a step of polishing the film and the barrier layer, 
so as to leave the film and barrier layer within the trench so as 
to form a wire. 
0045. According to the present invention, by applying a 
current or a potential to a Substrate or a film that is deposited 
thereupon, in addition to a disproportionate reaction, a reduc 
tion reaction occurs, the deposition of the film is promoted, 
and it is possible to control the film deposition rate, the crystal 
orientation, and the grain growth. 
0046 Additionally, because the present invention can be 
used to set the potential of the substrate or a film that is 
deposited thereupon to, for example, ground potential, it is 
possible to obtain a uniform potential distribution generated 
on the Surface thereof because of electrostatic chucking, for 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIGS. 1(A) and 1 (B) are drawings that illustrate in 
simplified form a semiconductor device manufacturing appa 
ratus according to the first embodiment of the present inven 
tion, with FIG. 1(A) showing the condition in which the 
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electrode terminal of the ring is removed from the surface of 
the substrate and FIG. 1 (B) showing the condition in which 
the electrode terminal of the ring is in contact with the sub 
strate surface. 
0048 FIGS. 2(A)-2(D) are cross-sectional views of the 
process steps for the purpose of depositing a copper film and 
forming a copper wire, according to the semiconductor 
device manufacturing method of the present invention. 
0049 FIGS. 3(A) and 3(B) are plan views that show in 
simplified form a semiconductor device manufacturing appa 
ratus according to the second embodiment of the present 
invention. 
0050 FIG. 4 is a plan view that shows in simplified form a 
semiconductor device manufacturing apparatus according to 
the third embodiment of the present invention. 
0051 FIGS. 5(A) and (B) are drawings that show in sim 
plified form a semiconductor device manufacturing apparatus 
according to the fourth embodiment of the present invention. 
0052 FIG. 6 shows one of typical conventional thermal 
CVD apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0053 Embodiments of the present invention are described 
in detail below, with references being made to relevant 
accompanying drawings. 
0054 FIGS. 1(A) and 1 (B) are drawings that illustrate in 
simplified form the basic construction of a semiconductor 
device manufacturing apparatus according to the present 
invention, in that the apparatus 100 having a power Supply 
means 40 that supplies electric current to the substrate Wor 
the film F deposited thereupon. 
0055. In the semiconductor device manufacturing appara 
tus 100 of the present invention, the power supply means 40 
supplies the electric current to the substrate W or the film F 
deposited thereupon, either directly or indirectly. 
0056. The semiconductor device manufacturing apparatus 
100 of the present invention, has the power supply means 40 
which comprises a power Supply source 9 and an electrode 
terminal unit 6 which is connected to the power Supply source 
9 and to the substrate W or the film F deposited thereupon. 
0057. In the present invention, the power supply means 40 
further comprises a current controlling means 10 which con 
trols the current to be supplied to the substrate W or the film 
F deposited thereupon. 
0058. In the present invention, the current controlling 
means 10 can control the current to be supplied to the sub 
strate W or the film F deposited thereupon, either continu 
ously or intermittently. 
0059. In the present invention, the electrode terminal units 
6 may be provided on peripheral area of either the substrate W 
or a region on which the film F is being deposited on the 
Substrate W. 
0060. Further in the present invention, the electrode ter 
minal units 6 may comprise a plurality of pairs of two elec 
trode terminal units 6, and each one of the pairs comprising 
two electrode terminal units 6, a first electrode terminal unit 6 
and a second electrode terminal unit 6' which being oppo 
sitely arranged with interposing an area of the Substrate W on 
which the film F will be deposited, therebetween. 
0061. In the present invention, the current controlling 
means 10 Supplies a Voltage to each one of the electrode 
terminals pair so as to Supply a Voltage having a first polarity 
to the first electrode terminal unit of respective electrode 
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terminal pairs and to Supply a Voltage having a second polar 
ity to the second electrode terminal unit of the electrode 
terminal pair, oppositely arranged to the first electrode termi 
nal unit. 
0062. Further in the present invention, the current control 
ling means 10 controls the polarity of the Voltage applied to 
each one of the electrode terminal units 6 of the respective 
electrode terminal pairs So as to be varied either continuously 
or intermittently with respect to the time elapsing. 
0063. In the semiconductor device manufacturing appara 
tus 100 of the present invention, the current controlling means 
10 can control the polarity of the voltage applied to each one 
of the electrode terminal units 6 of the respective electrode 
terminal pairs so that the polarity of the Voltage applied to one 
of the electrode terminal units in the respective pairs differs 
from that applied to separate electrode terminal pair adja 
cently arranged thereto, either continuously or intermittently 
with respect to the time elapsing. 
0064. The current controlling means 10 may control the 
Voltage applied to at least one of the electrode terminal units 
6 so as to change the Voltage value, either continuously or 
intermittently with respect to the time elapsing. 
0065. On the other hand, the current controlling means 10 
also may control the polarity of the Voltage applied to each 
one of the electrode terminal units 6 so as to change a direc 
tion of the current flowed through the substrate W. 
0066. The current controlling means 10 further may 
include a detecting means 43 for detecting either one of 
current and Voltage applied to the substrate W or the film F 
deposited thereupon whereby the current controlling means 
10 may control the value of either the current or the voltage in 
response to a result of the detecting means 43. 
0067. While, the apparatus 100 of the present invention, it 

is further provided with a temperature controlling means 42 
for controlling the temperature of the electrodeterminal units 
6 and wherein the current controlling means 10 may further 
include a detecting means 43 for detecting either one of 
current and Voltage applied to the substrate W or the film F 
deposited thereupon whereby the temperature controlling 
means 42 controls a temperature of the substrate W and/or a 
film F deposited on the Substrate so as to change a temperature 
of the substrate or the film deposited thereupon, in response to 
a result of the detecting means. 
0068. The semiconductor device manufacturing apparatus 
100 of the present invention, the power supply means 40 is 
further provided with an electrode terminal units moving 
means 7 which supports the plurality of electrode terminal 
units 6, changes a respective position of the electrodeterminal 
unit 6 with respect to a main surface of the substrate W or the 
film F deposited thereupon. 
0069. The semiconductor device manufacturing apparatus 
100 of the present invention, the electrode terminal units 
moving means 7, i.e., a Supporting means for Supporting the 
electrode terminal units, may control to set the electrode 
terminal units 6 either at a first position at which the electrode 
terminal units are contacted to the substrate or the film depos 
ited thereupon or at a second position at which the electrode 
terminal units are not contacted thereto. 

0070 Next, a first embodiment of the present invention 
will be explained hereunder with referring to FIGS. 1(A) and 
1(B). 
(0071 FIG. 1(A) and FIG. 1(B) show simplified views that 
illustrate the first embodiment of a semiconductor device 
manufacturing apparatus according to the present invention, 
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with (A) showing the condition in which the electrode termi 
nal of the ring is removed from the surface of the substrate and 
(B) showing the condition in which the electrode terminal of 
the ring is in contact with the Substrate surface. 
0072. As shown in FIGS. 1(A) and 1.(B), the thermal CVD 
apparatus according to the present invention has a hollow 
vacuum chamber 1, a vacuum pump 2. Such as a turbomo 
lecular pump, for the purpose of establishing a vacuum con 
dition inside the vacuum chamber 1, a substrate holder 3 for 
supporting the substrate W, this being provided within the 
vacuum chamber 1, an atomizer 4 that atomizes the copper to 
be deposited onto the Substrate into the raw gas, a Supply port 
5 for the purpose of Supplying the raw gas from the atomizer 
4 to within the vacuum chamber 1, a ring 7 that has an 
electrode terminal unit 6 that makes contact with the surface 
of the substrate W. a piston cylinder apparatus 8 which moves 
the ring up and down, and a power Supply source 9, which is 
electrically connected to the electrode terminal unit 6, for the 
purpose of changing the potential of the Surface of the Sub 
strate W or supplying a current thereto, via the electrode 
terminal unit 6. 
0073. The substrate holder 3 has a substrate heating 
mechanism that can control the temperature of the Substrate 
W within the range 100° C. and 400° C. When depositing 
copper, the temperature is controlled to approximately 200° 
C. 
0074 The ring 7 is made of an insulating material, such as 
alumina. 
0075. The end of the rod 8a of the piston cylinder appara 
tus 8 is mounted to the bottom surface of the ring 7, so that the 
extension and retraction of the rod 8a causes the ring 7 to rise 
and descend, the result of this movement being that the elec 
trode terminal unit 6 of the ring 7 makes and breaks its contact 
with the surface of the substrate W. 
0076. The potential and current pattern that is supplied 
from the power supply source 9 is variable and can be varied 
so as to control the deposition of the film. 
0077. It is also possible to provide a controller 10, which 
monitors the potential of the surface of the substrate W. via the 
electrode terminal unit 6 of the ring 7, and which controls the 
amount of current, the potential, and the temperature of the 
Substrate W. 
0078. In the case in which the substrate holder 3 uses an 
electrostatic chuck to hold the substrate W, an electrical 
charge is generated on the substrate W by virtue of electro 
static induction thereonto, this resulting in a change in the 
Substrate potential, leading to the possibility of affecting the 
CVD reaction. 
0079. In such cases, it is preferable to use the controller 10 

to control the potential of the substrate to the ground poten 
tial, for example, thereby achieving a uniform potential dis 
tribution. 
0080. By doing this, it is possible to improve the unifor 
mity and repeatability of the film. 
0081. It is also possible to ground the surface of the sub 
strate W or to set the substrate potential arbitrarily by using 
the power Supply. 
0082. The vaporizer 4 vaporizes Cu (hfac) (tmvs) and 
hexafluoroacetyl acetonate copper trimethyl vinyl silane to 
serve as the raw gas for the process. 
0083. The vaporized raw gas is supplied to the surface of 
the substrate W via the supply port 5. 
0084 FIGS. 2(A)-2(D) are cross-sectional views that 
show the process steps for depositing a copper film and form 
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ing a copper wire according to the semiconductor device 
manufacturing method of the present invention. 
I0085 First, as shown in FIG.2(A), a trench 12 is formed in 
a location in which a wire will be formed on the silicon oxide 
film 11 of the semiconductor substrate W. 
I0086. The formation of the trench 12 is done by using 
reactive ion etching, for example. 
I0087. The width of the trench 12 can be varied, ranging 
from 0.3 um to 100 um, and is indicated in this case as being 
0.5um. 
I0088. While the depth of the trench 12 will depend on the 
individual design, this is indicated herein as the example of 
0.5um. 
I0089. A barrier layer 13 is formed in the trench 12 to 
prevent copper diffusion. The material for the barrier layer 13 
can be, for example, Ta, TaN, TiN, WN, or WSiN, and the 
thickness thereof is approximately 10 nm. 
0090 Next, the substrate W. onto which is formed the 
barrier layer 13, is placed in the vacuum chamber 1 as shown 
in FIG.1. The vacuum pump 2 is used to establish a vacuum 
within the vacuum chamber 1 beforehand. 

0091 Next, the substrate heating mechanism of the sub 
strate holder 3 is caused to operate, so as to heat the substrate 
W to a prescribed temperature of approximately 180° C. 
0092. Simultaneously with this, the Cu (hfac) (tmvs), 
which is the raw gas, is Supplied together with hydrogen 
carrier gas so that, as shown in FIG. 2(B), a copper film 14 
having a film thickness of 100 nm is deposited. 
0093. The pressure of the raw gas is approximately 13 
Torr. When doing this, because the rod 8a of the piston cyl 
inder mechanism 8 is extended, the electrode terminal unit 6 
of the ring 7 is removed from the surface of the substrate W 
(refer to FIG. 1(A)). 
0094. The copper deposition reaction when the above is 
done is chiefly the disproportionate reaction 

(0095. The rate of film growth is approximately 100 
nm/minute. 

0096. Next, the rod 8a of the piston cylinder mechanism 8 
is caused to retract, so that the electrode terminal unit 6 of the 
ring 7 comes into contact with the surface of the copper film 
14 that was deposited on the substrate (refer to FIG. 1 (B)). 
0097. A potential of -20 V from the power supply source 
9, via the electrode terminal unit 6, is applied to the surface of 
the substrate W. By means of this potential, vapor phase Cu 
(hfac) is attracted. 
0098. Of the Cu (hfac), concentration of electrons and 
polarization occur because of the differences in electron 
affinity of constituent electrons thereof. 
0099 Molecules are attracted to the surface because of 
electrostatic attraction. At the surface of the substrate W. 
electron Supply occurs and, in addition to the disproportionate 
reaction, the reduction reactions 

occur, so that the deposition of copper is promoted. 
0100. The hydrogen in these reactions is supplied into the 
vacuum chamber 1 as a carrier for the Cu (hfac)(tmvs). 
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0101 The rate of deposition under these conditions is 150 
nm/minute. The action of the potential causes orientation of 
the crystal in the direction of the electrical field. 
0102 Thus, as shown in FIG. 2(C), a copper film 15, 
having a film thickness of 700 nm, is deposited. 
(0103) Then, as shown in FIG. 2(D), CMP (chemical 
mechanical polishing) is used to polish the copper films 14 
and 15 and the barrier layer 13, so that the copper films 14 and 
15 and the barrier layer 13 remain only within the trench 12, 
this forming the copper wire 16. 
0104. In this embodiment of the present invention, the first 
step of depositing a copper film with no current Supplied is 
separate from a second step of depositing a copper film while 
Supplying a current. The copper that is deposited in the first 
step serves as a seed layer for the purpose of Supplying a 
uniform potential distribution. 
0105. It is also possible to cause the electrode terminal unit 
6 of the ring 7 to come into contact with the barrier layer 13 
from the beginning for deposit of a copper film, in which case, 
because the potential distribution within the substrate surface 
is determined by the resistance of the barrier layer 13, to 
achieve a uniform potential distribution, it is necessary to use 
a barrier layer 13 with a low resistance (such as a pure metal 
like Ta or Nb). 
010.6 Additionally, the potential that is supplied from the 
power Supply source 9 need not be constant and can, for 
example, bean alternating current which changes direction at 
a fixed frequency. In the case of applying an alternating cur 
rent, the Cu (hfac) molecules in the vapor phase that have a 
polarity are attracted or repelled, or are caused to rotate by an 
electrical force. 
0107. By selecting an appropriate AC frequency, it is pos 
sible to control the orientation and the deposition rate. 
0108 FIGS.3(A) and 3(B) are plan views that illustrate in 
simplified form the second embodiment of a semiconductor 
manufacturing apparatus according to the present invention. 
0109 As shown in FIG. 3(A), in the second embodiment 
the electrode terminal that is mounted to the ring 7 is made up 
of four positive electrode terminals 20 and four negative 
electrode terminals 21, these electrode terminals being dis 
posed in opposing manner with a prescribed interval therebe 
tWeen. 

0110. The positive electrode terminals 20 and the negative 
electrode terminals 21 can be supplied current from the power 
supply source 9. 
0111. In the second embodiment of the present invention, 
as shown in FIG.2(B), a copper film 14 is deposited to a depth 
of 100 nm on a barrier layer 13, after which the positive 
electrode terminals 20 and the negative electrode terminals 21 
are brought into contact with the surface of the substrate W 
and a current is caused to flow in the surface of the substrate 
W 

0112. In this condition, Cu (hfac) (tmvs) is supplied along 
with hydrogen, and CVD is performed at a substrate tempera 
ture of 180° C. 
0113. In general, there is a tendency for surface atoms and 
molecules which are attracted to the surface to be, in com 
parison with atoms in the bulk material, easier to cause to 
migrate. 
0114. This is because of what could be called a quasi 
stable condition of the deposition onto the surface and 
because, in contrast to the bulk material, the bonds at the 
Surface are not as complete. 
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0115 Therefore, copperatoms and Cu (hfac) that has been 
deposited onto the Surface exhibit electromigration because 
of the action of the current that flows in the substrate W. 
0116. In conventional thermal deposition, thermal oscilla 
tion causes virtually random migration. 
0117. In the case in which a current is flowing in a fixed 
direction, however, the electrostatic action and the quantum 
dynamic action known as electron wind force aid the migra 
tion, enabling deposition with a given order, in accordance 
with the direction of current flow. 
0118. In accordance with this principle, it is possible to 
utilize the direction of current flow to control the orientation 
of the growth of the film. 
0119 The potential that is supplied from the power supply 
Source 9 need not be constant and can, for example, be an 
alternating current which changes direction at a fixed fre 
quency. 
0.120. The arrangement of the positive electrode terminals 
20 and the negative electrode terminals 21 is arbitrary, and 
can also be established so that the positive electrodeterminals 
20 and the negative electrode terminals 21 alternate. 
I0121 The number of positive electrode terminals 20 and 
the negative electrode terminals 21 is also arbitrary. 
I0122) Additionally, it is possible to provide a controller 10 
such as described with regard to the first embodiment. 
I0123 FIG.3(B) shows another feature of this embodiment 
in that the electrode terminal units Supporting means 7 has a 
rectangular configuration instead of circular configuration as 
shown in FIG.3(A). 
0.124 Note that, a controlling mechanism of this feature as 
shown in FIG.3(B) is substantially identical to that as shown 
in FIG.3(A). 
0.125 FIG. 4 is a plan view that shows in simplified form 
the third embodiment of a semiconductor device manufactur 
ing method according to the present invention. 
0.126. As shown in FIG. 4, in the third embodiment there 
are eight electrode terminal units 30 arranged concentrically 
about the ring 7 at a uniform interval. 
0127. Each of the electrode terminal units 30 is connected 
independently to the power Supply terminals a through h of 
the power Supply source 9, and has a Voltage applied to it 
independently. 
I0128. For example, if a positive voltage is applied in the 
sequence a >b->c-ed, and simultaneously a negative Voltage 
is applied in the sequence e->f->g->h, the direction of cur 
rent flow between the electrode terminal units 30 will rotate 
with a fixed period. 
I0129. By doing this, an averaged current will flow within 
the Surface of the Substrate, so that Surface atoms and attracted 
molecules are encouraged to migrate by the current, which is 
parallel to the Substrate Surface, this resulting in an imparted 
directionality, so that a controlled film is deposited by the 
action of the current. 
0.130 More specifically, the migration encourages the dif 
fusion of atoms at the crystal grain boundaries and encour 
ages grain growth, this having effects such as achieving large 
crystal grains. With large crystal grains, because the grain 
boundaries are small, immunity to electromigration when 
wiring is formed results in the formation of highly reliable 
wires. 
I0131 Additionally, a film resulting from grain growth 
having directionality that is imparted by a current that is 
parallel to the Substrate surface is in a stable energy state 
under this current stress. 
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0132 Current flowing after the formation of the wires also 
flows in parallel to the Substrate Surface, in the same plane as 
current stress during the growth of the film. 
0133. As described above, the film is deposited in a man 
ner so that it is in the most energy stable condition under 
current stress, and is in an energy stable condition even when 
current is flowing in the wiring. Because of this, it is possible 
to achieve a film that is immune to current stress. 
0134. The potential that is supplied from the power supply 
Source 9 need not be constant and can, for example, be an 
alternating current which changes direction at a fixed fre 
quency. 
0135 The number and arrangement of the electrode ter 
minal units 30 are also arbitrary and, as noted for the first 
embodiment, it is possible to provide a current controller 10. 
0.136 FIGS. 5(A) and 5(B) are drawings that illustrate in 
simplified form the fourth embodiment of a semiconductor 
device manufacturing method according to the present inven 
tion. 
0.137 Whereas in the first through third embodiments of 
the present invention an electrode terminal makes contact 
with the substrate W or with a film that is deposited there 
upon, this being the means for applying either current or a 
potential, in the fourth embodiment a current or a potential is 
applied by a method that does not require contact with the 
substrate W or with a film that is deposited thereupon. 
0138 Specifically, for example, as shown in FIG. 5(A), a 
coil 50 is provided that is wound in a direction that is parallel 
to the substrate holder 3, a current being caused to flow in the 
coil 50 by a power supply 51, thereby applying magnetic flux 
52 in a direction that is perpendicular to the substrate W. 
0.139. By doing this, an eddy current is developed within 
the surface of the substrate W, thereby encouraging the depo 
sition of the film. 
0140. By controlling the magnetic flux to be applied, it is 
possible to control the rate of film deposition, the crystal 
orientation, and grain growth. 
0141. As shown in FIG. 5(B), by providing a coil 53 that is 
wound in a direction that is perpendicular to the Substrate 
holder 3, a current is caused to flow in the coil 53 by the power 
Supply 51, thereby applying magnetic flux 54 in a direction 
that is perpendicular to the substrate W. 
0142. According to the fourth embodiment of the present 
invention, because there is no need for a mechanism to move 
a ring having electrode terminals, the hardware is simplified 
and made Smaller. 
0143 Also, because there is no need to consider such 
things as the contact condition between the electrode termi 
nals and the substrate W, it is possible to achieve reliable 
application of either a current or a potential. 
0144. As mentioned above, the fourth embodiment of the 
present invention has a characteristic feature such that the 
power Supply means 51 comprises a power Supply source 56 
and an non-contact electric current Supplying means 50 
which is connected to the power Supply source means 56 and 
supplying the current to the substrate W or the film F depos 
ited thereupon, without making the current Supplying means 
to be directly connected thereto. 
0145 More specifically, the semiconductor device manu 
facturing apparatus 100 of this embodiment, has the non 
contact electric current applying means 50 comprises a coil 
CaS. 

0146 Note that, the power supply means 51 may further 
comprise a current controlling means 57 which controls value 
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of the current to be applied to the coil 50 or 53, so as to control 
an current flowed through the substrate W or the film F depos 
ited thereupon. 
0147 The present invention is not restricted to the above 
described embodiments, and can be the subject of variations 
which fall within the technical scope as set forth in the claims 
for the present invention. 
0.148. The present invention can be applied not only to a 
copper film, but also to deposition of metal films such as Al, 
Au, Ag, Ti, and Ni, and of insulation films such as Parylene 
having polarity. 
014.9 The present invention can also be applied to the 
formation of films that have a polarity, Such as strong dielec 
tric films of strontium titanate, titanium oxide barium, BST, 
lead titanate, and the like, in which case the deposited film is 
oriented in the direction of the electrical field, resulting in 
deposition of a film with uniform polarity. 
0150. The fifth embodiment of the present invention will 
be explained hereunder. 
0151. Note that the fifth embodiment of the present inven 
tion is a method for manufacturing a semiconductor device 
utilizing the thermal CVD reaction. 
0152. As explained hereabove, a semiconductor device 
manufacturing method for depositing a film on a Substrate by 
a thermal CVD reaction of the present invention has a basic 
technical conception in that a film is deposited on a substrate 
while a current is applied to the substrate or film deposited 
thereupon. 
0153. In the semiconductor device manufacturing method 
of the present invention, the film is deposited while the poten 
tial on the substrate or film deposited thereupon is arbitrarily 
Set. 

0154 Further in the present invention, the film is deposited 
while the electric current is applied to the substrate or the film 
deposited thereupon, intermittently. 
0155 On the other hand, the film may also be deposited on 
the substrate while either one of the voltage value and the 
current value is varied either intermittently or continuously. 
0156. In the present invention, the film may further be 
deposited while a direction of the current flowed through the 
Substrate or the film deposited thereupon, is changed, either 
intermittently or continuously. 
0157. In another aspect of the present invention, the film 
may be deposited while a temperature of the substrate or of 
the film deposited thereupon, is varied as well as either one of 
the voltage value and the current value can be varied either 
intermittently or continuously. 
0158. In further aspect of the present invention, the film is 
deposited on the substrate while setting the potential of the 
Substrate or film deposited thereupon to a ground potential. 
0159. In a separate aspect of the present invention, a cur 
rent or a potential is applied to the substrate or film deposited 
thereupon without making direct contact with the Substrate or 
film deposited thereupon and more specifically, magnetic flux 
can be applied to the substrate or film deposited thereupon. 
(0160. In one of the basic semiconductor device manufac 
turing methods of the present invention, the method com 
prises, 
0.161 a step of depositing a film onto a substrate using a 
thermal CVD reaction and 
0162 a step of depositing a film by using a thermal CVD 
reaction as a current is applied to either one of the Substrate 
and the deposited film. 
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0163. In more specific method of the present invention, it 
comprises, a step of forming a trench on a semiconductor 
Substrate, a step of depositing a barrier layer for the purpose 
of preventing film diffusion within the trench, a step of depos 
iting a film onto the barrier layer by using a thermal CVD 
reaction, a step of depositing a film by using a thermal CVD 
reaction while applying either one of a current and a Voltage 
to either one of the substrate and the deposited film, and a step 
of polishing the film and the barrier layer, so as to leave the 
film and barrier layer within the trench, so as to form a wire. 
0164. According to the present invention, by applying a 
current or a potential to a substrate or to a film that is deposited 
onto the Substrate, in addition to a disproportionate reaction, 
a reduction reaction occurs, thereby encouraging the deposi 
tion of the film. 
0.165. As a result, the time required for manufacture of the 
semiconductor device is shortened, and the productivity is 
improved. 
0166 Because the present invention enables control of the 
crystal orientation in the deposited film, it enables deposition 
of a film with high quality and uniform polarity. 
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0.167 Because the present invention enables control of the 
film grain growth, it improves the reliability of wires. 
0168 Additionally, because the present invention enables 
the potential of the substrate or the film deposited thereupon 
to be set to the ground potential, it enables the achievement of 
a uniform potential distribution over the surface of the sub 
strate, which can normally be disturbed by, for example, 
electrostatic chucking, thereby improving the uniformity and 
repeatability of the deposited film. 

1-28. (canceled) 
29. A semiconductor device manufacturing method for 

depositing a film on a substrate by a thermal CVD reaction, 
wherein a d.c. electrical potential is applied across said Sub 
strate or film deposited thereupon without making contact 
with said substrate or film deposited thereupon. 

30. A semiconductor device manufacturing method 
according to claim 29, wherein magnetic flux is applied to 
said substrate or film deposited thereupon. 

31-32. (canceled) 


