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(57) ABSTRACT 
An insulating layer is formed on a semiconductor element 
fabricated in a semiconductor substrate. A groove, With a 
connecting hole at the bottom part thereof When required, is 
formed in the insulating layer. A barrier layer is formed on 
the inner surface of the groove, and the connecting hole, and 
on the insulating layer. A conductive layer is formed in the 
groove and on the insulating layer, and is buried into the 
groove by applying high temperature and high pressure. 
Then, the conductive layer on the insulating layer is polished 
to leave the conductive layer in the groove by a CMP method 
to form an electrodes Wire composed of the conductive layer 
material. 
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MANUFACTURING PROCESS OF A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a manufacturing 
method of a semiconductor device, and more particularly to 
a method of forming electrode Wires on an insulating layer 
of the semiconductor device. 

[0003] 2. Description of the Background Art 

[0004] In recent years, With microniZation of semiconduc 
tor devices, a siZe of a connection hole formed in an 
insulating layer for electrical connection, betWeen ?rst and 
second conductive layers, is also microniZed. The electrical 
connection is betWeen a ?rst conductive layer, Which is a 
conductive diffused layer on a principal plane of a semicon 
ductor substrate or a metal ?lm on a semiconductor element, 
etc., and a second conductive layer, Which is a metal ?lm, 
etc. located on an upper side of the insulating layer. 

[0005] With such a microniZation of a connection hole, an 
aspect ratio of a connection hole (ratio of height to diameter 
of a connection hole) is increased. To meet this situation, an 
attempt has been proposed to achieve an electrical connec 
tion betWeen the ?rst conductive layer and second conduc 
tive layer, in Which the second conductive layer is formed by 
sputtering and a space in the connection hole is closed by the 
second conductive layer and is then buried under an atmo 
sphere of high temperature and high pressure. 

[0006] For eXample, the Japanese Laid-Open Patent Pub 
lication (uneXamined) Toku-Hyou-Hei 7-503106 discloses a 
manufacturing process of a semiconductor device including 
the steps of closing an upper part of a space in the internal 
part of a connection hole With a second conductive layer 
formed by sputtering While leaving the internal space, and 
burying the second conductive layer into the connection 
hole, Whereby an electrical connection betWeen the ?rst 
conductive layer and the second conductive layer is 
achieved. This prior manufacturing process is hereinafter 
discussed more speci?cally With reference to FIG. 10 to 
FIG. 14. 

[0007] First, as illustrated in FIG. 10, a ?rst conductive 
layer 11 is formed on the upper part of a semiconductor 
element 10, an insulating layer 12 is further formed thereon, 
and a connection hole 13 is formed in the insulating layer 12. 

[0008] Then, as illustrated in FIG. 11, a second conduc 
tive layer 14 is deposited by sputtering on the insulating 
layer 12 and in the internal part of the connection hole 13. 
At this time, as illustrated in FIG. 11, a thickness of the 
second conductive layer 14 deposited on the side Wall 13a 
and on the bottom face 13b of the connection hole 13 is 
small as compared With that of the second conductive layer 
14 coating the surface of the insulating layer 12. While 
continuing the deposition of the second conductive layer 14, 
a gap 15 of the second conductive layer 14 on the connection 
hole 13 is narroWed. 

[0009] When further continuing the deposition of the 
second conductive layer 14 by sputtering, as illustrated in 
FIG. 12, the gap 15 of the second conductive layer on the 
connection hole 13 comes to be closed While a holloW space 
16 being left in the internal part of the connection hole 13 
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comes to be closed While a holloW space 16 is left in the 
internal part of the connection hole 13. 

[0010] Then, on maintaining the semiconductor device in 
an atmosphere of high pressure, the second conductive layer 
14 is buried into the connection hole 13 until a state 
illustrated in FIG. 13 is achieved. 

[0011] Further, as illustrated in FIG. 14, a conductive Wire 
17 is formed by etching the second conductive layer 14. 

[0012] In the above-mentioned manufacturing process of a 
semiconductor device, the upper part of the holloW space 16 
is closed With the second conductive layer 14 formed by 
sputtering While leaving the holloW space 16 in the internal 
part of the connection hole. Thereafter, the second conduc 
tive layer 14 is buried into the connection hole 13 by 
applying a high temperature and a high pressure, by Which 
an electrical connection can be established betWeen the ?rst 
conductive layer 11 and the second conductive layer 14 
through the connection hole 13. 

[0013] HoWever, in the mentioned manufacturing process 
of a semiconductor device, a problem exists in that etching 
is required to form the conductive Wire 17 formed from the 
second conductor 14, and the conductive Wire 17 formed by 
etching may be defective and is of a loW yield. 

SUMMARY OF THE INVENTION 

[0014] The present invention Was made to solve the 
above-stated problems and it is an object of the present 
invention to provide a novel manufacturing process of a 
semiconductor device having connecting electrode Wires 
With less defects and With a high yield. 

[0015] An aspect of the present invention is a manufac 
turing process of a semiconductor device Which includes a 
step of forming an insulating layer on a semiconductor 
substrate or on a semiconductor element formed on the 

semiconductor substrate. A groove having a connection hole 
at a bottom part thereof is formed, if required, in the 
insulating layer. An electrical conductor is formed along the 
surface of the groove and on the insulating layer. The 
conductor is buried into the groove by applying a high 
temperature and a high pressure to the conductor and an 
electrode Wire is formed of the conductor by removing a part 
of the conductor by the CMP method. 

[0016] Another aspect of the present invention is a manu 
facturing process of a semiconductor device Which includes 
a step of forming an insulating layer on a semiconductor 
substrate or on a semiconductor element formed on the 

semiconductor substrate. A groove having a connection hole 
is formed at a bottom part thereof, if required, in the 
insulating layer. An electrical conductor is formed along the 
surface of the groove and the insulating layer. The conductor 
is buried into the groove by applying a temperature of 300 
to 850° C. and a pressure of 500 to 900 bar to the conductor 
and an electrode Wire is formed of the conductor by remov 
ing a part of the conductor by the CMP method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Amore complete appreciation of the present inven 
tion and many of the attendant advantages thereof Will be 
readily obtained as the same becomes better understood by 
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reference to the following detailed description When con 
sidered in connection With the accompanying drawings, 
Wherein: 

[0018] FIGS. 1 and 2a through 8 are sectional vieWs of 
parts of a semiconductor device in an order of the manu 
facturing process of the present invention; 

[0019] FIGS. 2b and 2c are further vieWs of the device as 
shoWn in FIG. 2a; 

[0020] FIG. 9 is a sectional vieW of parts of a semicon 
ductor device in another embodiment of the manufacturing 
process of the present invention; and 

[0021] FIGS. 10 through 14 are sectional vieWs of essen 
tial parts of a semiconductor device in the order of the 
manufacturing process in the background art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] A ?rst embodiment of the present invention is 
hereinafter described With reference to FIG. 1 to FIG. 9, 
each illustrating a semiconductor device in an order of 
manufacturing steps. 

[0023] First, as illustrated in FIG. 1, a semiconductor 
substrate 1, made of a silicon for example, is provided, and 
a semiconductor element 2, Which is composed of a silicon 
oXide ?lm or the like and a Wired layer composed of Al-0.5 
Wt % Cu alloy for eXample, is formed on the semiconductor 
substrate 1. Further, an insulating layer 3, Which is made of 
a silicon oxide ?lm formed by plasma CVD, normal pressure 
CVD or the like employing TEOS or silane, for eXample, 
combined With organic SOG or inorganic SOG, is formed on 
the semiconductor element 2. 

[0024] Then, as illustrated in FIG. 2a, at least one groove 
4 having a connection hole 40 at the bottom part thereof, if 
required, is formed utiliZing a photomechanical process on 
the insulating layer 3. A plan vieW of this construction is 
shoWn in FIG. 2b and a cross sectional vieW along a groove 
41 is shoWn in FIG. 2c. As seen in these draWings, a groove 
41 runs along a main surface of the insulating layer 3 and the 
connecting hole 40 eXtends doWnWards to underlying semi 
conductor substrate 1 or semiconductor element 2. The 
groove 41 and the connecting hole 40 are formed by a 
photomechanical process technology, and then the grooves 
41 are formed corresponding to the Wiring pattern. The 
Width of the groove 41 is usually around 1 pm ranging from 
0.1 pm to 50 pm. The diameter of the connecting hole is 
generally from 0.1 to 1 pm. It may happen that the Width of 
the groove 41 is equal to the diameter of the connecting hole 
40. 

[0025] After forming the groove 4, materials such as 
Water, nitrogen, hydrogen or other organic matters, etc., 
stuck to the surface of the semiconductor device under 
manufacture are removed by heating (hereinafter referred to 
as degassing). More speci?cally, the degassing is performed 
by heating at a temperature of 250 to 500° C. for 60 to 300 
seconds under an atmosphere of inert gas such as Ar of 1 to 
2 Torr. 

[0026] In this step, if required, a natural oXide ?lm 4a is 
removed by sputtering or etching maintaining a high 
vacuum condition of 10-5 Torr (this state is hereinafter 
referred to as a continuous vacuum). The natural oXide ?lm 
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4a is formed on a part of the surface of the semiconductor 
element 2 at a bottom face of the mentioned connection hole 
40. More speci?cally, the natural oXide ?lm 4a of 50 to 300 
A in terms of Si oXide ?lm is removed using a loW damage 
etching by ICP (Inductive Coupled Plasma) on conditions of 
0.5 to 1.5 mTorr in Ar atmosphere, 300 to 500 W in ICP 
poWer, and 100 to 450 V in bias voltage. 

[0027] Then, as illustrated in FIG. 3, a barrier layer 5 is 
formed on the bottom face of the groove 4, Which is a part 
of the surface of the semiconductor element 2, and on the 
surface of the insulating layer 3 by sputtering under the 
continuous vacuum. The barrier layer 5 is formed of a barrier 

metal layer composed of TiN/OT i: 1000 A/ 150 A,°TiN/Ti:1000 
A/200 A, TiN/Tiz500 A/150 A, or TiN/Tiz500 A/200 A. The 
temperature for heating the semiconductor substrate 1 at the 
time of the ?lm formation may be 50 to 500° C., for 
eXample. A Ti layer is formed doWnside, that is in contact 
With the insulating layer and a TiN layer is formed upside. 
This barrier layer Works to slide in a conductor layer in the 
later stage. 

[0028] Then, as illustrated in FIG. 4, a conductor 6 
composed of pure Cu, for eXample, is formed in the groove 
4 and on the insulating layer 3 under the continuous vacuum. 
More speci?cally, ?rst, a ?lm of 50 to 200 nm is formed by 
sputtering under Ar atmosphere of 1 to 10 mTorr, With an 
ICP poWer of 5 to 20 kW and at a heating temperature of 25 
to 150° C. Then, a ?lm of desired thickness is formed by 
sputtering at a heating temperature of 300 to 450° C. The 
thickness of the formed ?lm ranges from 300 nm to 2 pm. 
In this regard, the maXimum temperature of the semicon 
ductor substrate 1 is limited to 600° C. 

[0029] A?lm thickness of the conductor 6 is more than 1.2 
times as large as the diameter of the connection hole 40 and 
less than 3 pm. The conductor 6 more than 1.2 times thick 
covers the upper part of the groove 4 and a thickness of 3 pm 
is enough. Although a holloW space 7 may be formed in the 
groove 4 at this time, it does not matter herein. 

[0030] The reason Why the conductor 6 is heated at a 
relatively loW temperature in the initial stage of the ?lm 
formation for forming the conductor 6 is described herein 
beloW. 

[0031] When the semiconductor substrate 1 is eXposed to 
the plasma atmosphere at the time of ?lm formation, an 
actual temperature of the semiconductor substrate 1 rises 
higher than the heating temperature and a gas is produced 
from the side Wall of the groove 4 or from the barrier layer 
5, Whereby the conductor 6 is oXidiZed or nitri?ed by the 
gas, resulting in deterioration of burying characteristic. 

[0032] Therefore, ?rst, 50 to 200 nm of the conductor 6 is 
formed at a loW temperature, thereby coating the side Wall 
of the groove 4 and the barrier layer 5 With the conductor 6 
to restrain the production of gas, and then the conductor 6 of 
satisfactory crystalliZation is formed by heating the semi 
conductor substrate 1. 

[0033] Then, as illustrated in FIG. 5, the holloW space 7 
disappears by maintaining the conductor 6 under a high 
temperature and a high pressure in the continuous vacuum, 
and the groove 4 is ?lled With the conductor 6. More 
speci?cally, the conductor 6 is maintained for 1 to 20 
minutes at a temperature of 350 to 750° C. and a pressure of 
650 to 900 bar under an atmosphere of inert gas such as Ar. 
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[0034] Then, as illustrated in FIG. 6, polishing by the 
CMP method is performed so that the conductor 6 is left only 
in the groove 4, Whereby electrode Wires 8 comprised of the 
conductor 6 are formed. In this step, propionic acid and H202 
are employed as an etchant for CMP, for eXample. 

[0035] If required, after the polishing by the CMP, an 
anti-re?ection ?lm 9 composed of Ti, for eXample, is formed 
on the electrode Wires 8 and the insulating layer 3, as 
illustrated in FIG. 7, and then the anti-re?ection ?lm 9 is left 
only on the electrode Wires 8 by the conventional photome 
chanical process, see FIG. 8. This anti-re?ection ?lm 9 
Works to decrease re?ecting light When another layer is 
formed thereon in the later stage. 

[0036] In the manufacturing process of a semiconductor 
device as stated above, since the conductor 6 is buried in the 
groove 4 under a high temperature and a high pressure, 
electrode Wires 8 of a large grain of conductor material and 
of less defects such as void can be formed With a high yield. 
Further, the polishing is performed by the CMP method to 
leave the conductor 6 only in the groove 4 so that the 
electrode Wires 8 of a plane surface can be formed. 

[0037] Although the groove 4 is formed in the insulating 
layer 3 located on the semiconductor element 2, Which is 
formed on the semiconductor substrate 1, in the embodiment 
above, it is also possible that the insulating layer 3 is formed 
immediately on the semiconductor substrate 1, and the 
groove 4 is formed in such an insulating layer 3. 

[0038] Further, in this embodiment, an interval betWeen 
one step and another, i.e., betWeen any tWo steps of degas 
sing, removal of the natural oxide ?lm 4a, formation of the 
barrier layer 5, and formation of the conductor 6, is kept in 
the continuous vacuum state Without cooling. It is, hoWever, 
also possible that the semiconductor substrate 1 is cooled to 
25 to 200° C. in the continuous vacuum state in the interval 
betWeen a respective tWo steps. In a case of employing such 
a cooling betWeen a respective tWo steps before the forma 
tion step of the barrier layer 5, the barrier layer formation is 
performed at 25 to 200° C., While the barrier layer formation 
is performed at 300 to 600° C. in a case of employing no 
cooling. Furthermore, When in a case of performing such a 
cooling betWeen a respective tWo steps before the formation 
step of the conductor 6, the conductor formation is per 
formed at 25 to 200° C., While the conductor formation is 
performed at 300 to 600° C. in a case of employing no 
cooling. The same advantages as the foregoing arrangement 
are also achieved in this modi?cation. 

[0039] Although the degassing is performed by heating at 
a temperature of 250 to 500° C. for 60 to 300 seconds under 
an atmosphere of inert gas such as Ar of 1 to 2 Torr in the 
foregoing embodiment, it is also possible that the degassing 
is performed by heating at a temperature of 200 to 600° C. 
for 30 to 600 seconds under an atmosphere of inert gas such 
asAr of 1 to 10 Torr. The same advantages as the foregoing 
embodiment are also achieved in this modi?cation. 

[0040] Although a portion of the natural oXide ?lm 4a 
correspondingly to 50 to 300 A in terms of Si oXide ?lm is 
removed in the foregoing embodiment on conditions of 0.5 
to 1.5 mTorr in Ar atmosphere, 300 to 500 W in ICP poWer, 
and 100 to 450 V in bias voltage, it is also possible that the 
natural oXide ?lm 4a corresponding to 30 to 400 A in terms 
of Si oXide ?lm is removed on conditions of 0.1 to 5 mTorr 
in Ar atmosphere, 100 to 600 W in ICP poWer, and 50 to 600 
V in bias voltage. 
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[0041] Further, it is also possible to omit the step of 
removing the natural oXide ?lm 4a as long as there is no 
problem in the electrical connection betWeen the semicon 
ductor element 2 and the electrode Wires 8. The same 
advantages as the foregoing embodiment are also achieved 
in this modi?cation. 

[0042] Although the barrier layer 5 is formed of any of 
Tin/H1000 13/150 A, TiN/TizlOOO 13/200 A, TiN/Tiz500 
A/150 A or TiN/Tiz500 A/200 A in this embodiment, it is 
also possible that the barrier layer 5 is formed of a material 
composed of TiN/Tiz100 to 1000 A/20 to 500 The same 
advantages as the foregoing embodiment are also achieved 
in this modi?cation. 

[0043] Although the barrier layer 5 is formed into the 
TiN/Ti structure in the foregoing embodiment, it is also 
possible that the barrier layer 5 is formed in a Ti or Ti/TiN/T i 
structure. More speci?cally, it is possible to employ a 
structure of Ti/TiN/Tiz20 to 500 A/100 to 1500 A/20 to 500 
A. Likewise, it is possible to employ Ti, W, Ta or TiW or 
nitride of any of them, or employ a composite ?lm formed 
by stacking them. 

[0044] From the vieWpoint of improvement in coverage, it 
is also possible to employ collimation sputtering, loW pres 
sure sputtering or long range sputtering as a sputtering for 
forming the barrier layer 5. More speci?cally, in a case of 
employing the collimation sputtering, for example, at the 
time of sputtering, conditions are established such that a 
pressure is 1 to 8 mTorr, a poWer is 8 to 20 kW, a How ratio 
of N2/N2+Ar is 0.2 to 0.9 in gas atmosphere, and a diameter 
of the opening of collimator:length thereof is 1:1 to 1:1.75 
in an aspect ratio of the collimator. In a case of employing 
the loW pressure sputtering, for eXample, at the time of 
sputtering, conditions are established such that a pressure is 
0.2 to 5 mTorr, a poWer is 1 to 20 kW, and a How ratio of 
N2/N2+Ar is 0.1 to 0.9 in gas atmosphere. In a case of 
employing the long range sputtering, for eXample, at the 
time of sputtering, conditions are established such that a 
pressure is 0.2 to 8 mTorr, a poWer is 8 to 20 kW, a How ratio 
of N2/N2+Ar is 0.1 to 0.9 in gas atmosphere, and a distance 
betWeen the semiconductor substrate 1 and a sputtering 
target is 40 to 400 nm. The same advantages as the foregoing 
embodiment are also achieved in these modi?cations. 

[0045] Although sputtering is employed as a formation 
process of the barrier layer 5 in the foregoing embodiment, 
it is also possible to employ a CVD method using an organic 
gas including TiCl4 or Ti as a raW material gas. The barrier 
layer 5 may be a composite ?lm made of a ?lm formed by 
sputtering and a ?lm formed by the CVD method. Further, 
in a case of forming the barrier layer 5 by the CVD method, 
it is also possible that the semiconductor device under 
manufacture is once aerated (i.e., eXposed to outside air) for 
degassing, and a barrier layer is further stacked on the 
barrier layer 5 by sputtering. The same advantages as the 
foregoing embodiment are also achieved in these modi?ca 
tions. 

[0046] Although the barrier layer 5 is formed in the 
foregoing embodiment, it is not alWays necessary to form 
the barrier layer 5. The same advantages as the foregoing 
embodiment are also achieved in this modi?cation. 

[0047] Although sputtering is employed as a formation of 
the Cu serving as the conductor 6 in the foregoing embodi 
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ment, it is also possible that the Cu is formed by the CVD 
method. In this case, Cu(HFA)TMVS is used as a raW 
material gas, and the substrate is heated at a temperature of 
100 to 300° C. The same advantages as the foregoing 
embodiment are also achieved in this modi?cation. 

[0048] Although a thickness of the conductor 6 is 1.2 
times as large as a diameter of the connection hole 40 or 
more and 3 pm or less in the foregoing embodiment, it is also 
preferable that the thickness is 0.8 times as large as the 
diameter of the connection hole 40 or more and 5 pm or less. 
The same advantages as the foregoing embodiment are also 
achieved in this modi?cation. 

[0049] Although a pure Cu is employed as the conductor 
6 in the foregoing embodiment, it is also possible to employ 
a material Which contains 0.01 to 2% Al, Ti, Sc, Pd, Si, Ta, 
Mn, Mg, Nb, Cr, Co, Ni, Ag, Pt, W, Au or V With respect to 
Cu. It is also possible to employ a material Which contains 
not less than tWo of these mentioned elements at 0.1 to 2% 
each With respect to Cu. Further, the principal component of 
the conductor 6 may be Al, Ag, or Pt. The conductor 6 may 
be formed of pure Al, pure Ag or pure Pt. 

[0050] In a case of employing Al as the principal compo 
nent of the conductor 6, the Al may be formed by the CVD 
method, and in Which case, for example, DMAH may be 
employed as raW material gas and the substrate may be 
heated at a temperature of 200 to 300° C. Further in this 
case, any additive element other than Al may be added by 
mixing a gas containing such an element at the time of 
formation by the CVD method. It is also possible that only 
?lm formation of the additive element is performed by 
sputtering and, then, Al is formed by the CVD method and 
is subject to a reaction by annealing. The same advantages 
as the foregoing embodiment are also achieved in these 
modi?cations. 

[0051] Although the conductor 6 is buried in the groove 4 
under a high temperature and a high pressure in the fore 
going embodiment, it is also possible to hold the conductor 
6 under speci?c conditions of 300 to 850° C. in temperature 
and 50 M to 90 MPa in pressure for 1 to 40 minutes. Further, 
although an atmosphere of inert gas such as Ar is employed 
at the time of applying the high temperature and high 
pressure, it is also possible that, When the conductor 6 is 
made of pure copper or an alloy principally composed of Cu, 
an oxidiZing atmosphere containing 2 to 30% oxygen other 
than the inert gas, a reducing atmosphere containing 2 to 
30% hydrogen other than the inert gas, or an oxygen and 
reducing atmosphere containing both oxygen and nitrogen is 
employed. The same advantages as the foregoing embodi 
ment are also achieved in these modi?cations. 

[0052] In the foregoing embodiment, it is also possible to 
employ as an etchant for the CMP method, a mixture of 
acetic acid and hydrogen peroxide Water (acetic acid: Water: 
hydrogen peroxide Water=0.3 to 061010.01 to 0.1), acetic 
acid (acetic acid : Water=0.3 to 06:10), a mixture of nitric 
acid and hydrogen peroxide Water (nitric acid Water:hydro 
gen peroxide Water=0.1 to 10:120:0.01 to 1), or a mixture of 
ammonium persulfate and hydrogen peroxide Water (ammo 
nium persulfate Water hydrogen peroxide=0.1 to 
51350001 to 0.1). The same advantages as the foregoing 
embodiment are also achieved in these modi?cations. 

[0053] Although the anti-re?ection ?lm 9 is made of Ti in 
the foregoing embodiment, it is also possible to employ an 
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oxide, nitride or oxide-nitride of Si, or Ti, Ta, W, TiW, Mo, 
C or an oxide or nitride of these elements. Further, it is also 
possible that the anti-re?ection ?lm 9 is formed into a shape 
shoWn in FIG. 8 by selectively forming it on the electrode 
Wires by the CVD method. Furthermore, in a case of the 
anti-re?ection ?lm 9 made of the mentioned oxide, nitride or 
oxide-nitride of Si, it is also possible to advance to the next 
process With the anti-re?ection ?lm 9 stacked on the insu 
lating layer 3, Without reforming the anti-re?ection ?lm 9 to 
leave only on the electrode Wire 8 after forming the anti 
re?ection ?lm 9 as illustrated in FIG. 7. The same advan 
tages as the foregoing embodiment are also achieved in this 
modi?cation. 

[0054] Although Wires of a single layer are formed in the 
embodiment, it is also possible that, as illustrated in FIG. 9, 
Wires of multiple layers are formed by employing the same 
Wire formation method for forming the respective Wires as 
shoWn in the ?rst embodiment. In the construction as shoWn 
in FIG. 9, the semiconductor device includes a loWer 
insulating layer 31 having grooves 41, in Which loWer 
electrode Wires 81 are formed, and an upper insulating layer 
32 having grooves 42, in Which upper electrode Wires 82 are 
formed. The same advantages as the foregoing embodiment 
are also achieved in this modi?cation. 

[0055] As described above, the manufacturing process of 
a semiconductor device in accordance With the present 
invention exhibits an effect that electrode Wires of less 
defects and greater yield can be manufactured. 

[0056] Obviously, numerous additional modi?cations and 
variations of the present invention are possible in light of the 
above teachings. It is therefore to be understood that Within 
the scope of the appended claims, the present invention may 
be practiced otherWise than as speci?cally described herein. 

What is claimed as neW and desired to be secured by Letters 
Patent of the United States is: 
1. A process for manufacturing a semiconductor device 

comprising the steps of: 

forming an insulating layer on a semiconductor substrate 
or on a semiconductor element formed on the semi 

conductor substrate; 

forming a groove on said insulating layer; 

forming a conductur on a surface of said groove and on 
said insulating layer burying said conductor into said 
groove by applying a high temperature and a high 
pressure to said conductor; and 

forming electrode Wires comprised of said conductor by 
removing a part of said conductor by a CMP method. 

2. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, Wherein said conductor contains an alloy 
principally composed of a material selected from the group 
consisting of Cu, Al, Ag and Pt or contains a metal selected 
from the group consisting of pure Cu, pure Al, pure Ag and 
pure Pt. 

3. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, Wherein said conductor is formed at a loW 
temperature in a ?rst stage of the forming step thereof and 
at a high temperature in a second subsequent stage of the 
forming step thereof. 

4. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, Wherein said conductor is formed ?rst at 



US 2001/0009804 A1 

a temperature of 25 to 150° C. by 50 to 200 nm and is then 
formed at a higher temperature to a desired thickness. 

5. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, Wherein a temperature and a pressure 
applied for burying said conductor into said groove are 
respectively 300 to 850° C. and 650 to 900 bar. 

6. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, Wherein a temperature and a pressure 
applied for burying said conductor into said groove are 
respectively 350 to 750° C. and 650 to 900 bar. 

7. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 1, further comprising a step of forming an 
anti-re?ection ?lm on said electrode Wires. 

8. A process for manufacturing a semiconductor device 
comprising the steps of: 

forming an insulating layer on a semiconductor substrate 
or on a semiconductor element formed on the semi 

conductor substrate; 

forming a groove on said insulating layer; 

forming a barrier layer on a surface of said groove; 

forming a conductor on said barrier layer and said insu 
lating layer; 

burying said conductor into said groove by applying a 
high temperature and a high pressure to said conductor; 
and 

forming electrode Wires comprised of said conductor by 
removing a part of said conductor by a CMP method. 

9. Aprocess for manufacturing a semiconductor device as 
de?ned in claim 8, Wherein said barrier layer is composed of 
a material selected from the group consisting of TiN/Ti,Ti 
and Ti/TiN/Ti. 

10. A process for manufacturing a semiconductor device 
comprising the steps of: 

forming an insulating layer on a semiconductor substrate 
or on a semiconductor element formed on the semi 

conductor substrate; 

forming a groove on said insulating layer; 

forming a connection hole at a bottom of the groove; 

forming a conductor on surfaces of said groove and said 
connecting hole and on said insulating layer; 

burying said conductor into said groove and said con 
necting hole by applying a high temperature and a high 
pressure to said conductor; and 

forming electrode Wires comprised of said conductor by 
removing a part of said conductor by a CMP method. 

11. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein said conductor contains an 
alloy principally composed of a material selected from the 
group consisting of Cu, Al, Ag and Pt or contains a metal 
selected from the group consisting of pure Cu, pure Al, pure 
Ag and pure Pt. 
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12. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein a thickness of said conductor 
layer is more than 0.8 times of a diameter of said connection 
hole and less than 5 pm 

13. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein a thickness of said conductor 
layer is more than 1.2 times of a diameter of said connection 
hole and less than 3 pm. 

14. A process for manufacturing a semiconductor device 
as de?ned in claims 10, Wherein said conductor is formed at 
a loW temperature in a ?rst stage of the forming step thereof 
and at a high temperature in a second subsequent stage of the 
forming step thereof. 

15. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein said conductor is formed ?rst 
at a temperature of 25 to 150° C. by 50 to 200 nm and is then 
formed at a higher temperature to a desired thickness. 

16. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein a temperature and a pressure 
applied for burying said conductor into said groove are 
respectively 300 to 850° C. and 50 M to 90 Mpa. 

17. A process for manufacturing a semiconductor device 
as de?ned in claim 10, Wherein a temperature and a pressure 
applied for burying said conductor into said groove are 
respectively 350 to 750° C. and 65 M to 90 MPa. 

18. A process for manufacturing a semiconductor device 
as de?ned in claim 10, further comprising a step of forming 
an anti-re?ection ?lm on said electrode Wires. 

19. A process for manufacturing a semiconductor device 
comprising the steps of: 

forming an insulating layer on a semiconductor substrate 
or on a semiconductor element formed on the semi 

conductor substrate; 

forming a groove on said insulating layer; 

forming a connection hole at a bottom of said groove; 

forming a barrier layer surfaces of said groove and said 
connecting hole; 

forming a conductor on surfaces of said groove and said 
connecting hole and on said insulating layer; 

burying said conductor into said groove and said con 
necting hole by applying a high temperature and a high 
pressure to said conductor; and 

forming electrode Wires comprised of said conductor by 
removing a part of said conductor by a CMP method. 

20. A process for manufacturing a semiconductor device 
as de?ned in claim 19, Wherein said barrier layer is com 
posed of a metal selected from the group consisting of 
TiN/Ti,Ti and Ti/TiN/Ti. 


