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SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing a semiconductor device, and in particular to a 
semiconductor device and a method of manufacturing the 
same using tungsten, titanium, or titanium nitride as a 
material for Wiring and the like. 

[0003] 2. Description of Related Art 

[0004] Presently for the Wet cleaning of silicon substrates 
in the manufacturing process for semiconductor devices, 
RCA cleaning is generally used. This RCA cleaning uses a 
hydrogen peroxide-sulfuric acid mixture (SPM), an ammo 
nia-hydrogen peroxide mixture (APM), a hydrochloric acid 
hydrogen peroxide mixture (HPM), or hydro?uoric acid 

Of these chemical solutions, SPM and HPM remove 
mainly metallic impurities from silicon substrates through 
oxidation, APM removes particles and organic impurities 
through lifting-off and decomposition by etching, and HF 
removes metallic impurities and natural oxides. In order to 
enhance impurity removal, SPM, APM, and HPM are used 
under a high temperature or a high concentration. 

[0005] Heretofore, since the RCA cleaning described 
above has been applied to processes before metallic Wiring, 
materials exposed on the surface of the silicon substrates and 
in direct contact With such chemical solutions have been 
limited to silicon and the compounds thereof. In processes 
before metallic Wiring, on the other hand, When a structure 
consisting of tungsten (W), titanium (Ti), or titanium nitride 
(TiN) is fabricated on a silicon substrate, RCA cleaning must 
be carried out under conditions Where these materials are 
exposed on the surface of the substrate. Of the chemical 
solutions for RCA cleaning, hoWever, since hydrogen per 
oxide, sulfuric acid, and hydro?uoric acid have properties to 
dissolve W, Ti and TiN, and Ti, respectively, if these 
materials are exposed on the silicon substrates, there is a 
problem that these metals are dissolved by conventional 
RCA cleaning. 

[0006] As described above, When a semiconductor device 
is manufactured using a conventional cleaning method, 
since cleaning is carried out under conditions Where W, Ti, 
and TiN are exposed, there has been a problem that these 
metals are dissolved. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a semiconductor device manufactured through 
cleaning Without dissolving W, Ti, or TiN even if these 
metallic materials exposed on the substrates to be cleaned, 
and a method for manufacturing such a semiconductor 
device. 

[0008] According to a ?rst aspect of the present invention, 
there is provided a method of manufacturing a semiconduc 
tor device comprising: an interlayer insulation ?lm forming 
step for forming an interlayer insulation ?lm on a silicon 
substrate; a barrier metal depositing step for depositing a 
barrier metal on said interlayer insulation ?lm; a step for 
depositing a tungsten ?lm on said barrier metal; a ?rst 
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cleaning step for cleaning said silicon substrate by dipping 
said silicon substrate in a solution of at least one selected 
from a group consisting of HF, HCl, and NH4OH; a step for 
forming a photoresist pattern on said tungsten ?lm; and a 
patterning step for patterning said tungsten ?lm and said 
barrier metal using said photoresist pattern as a mask. 

[0009] According to a second aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising: a step for forming an inter 
layer insulation ?lm on a silicon substrate; a step for forming 
an opening in said interlayer insulation ?lm; a step for 
depositing a barrier metal on said interlayer insulation ?lm 
including in said opening; a step for depositing a tungsten 
?lm on said barrier metal; a ?rst cleaning step for cleaning 
said silicon substrate by dipping said silicon substrate in a 
solution of at least one selected from a group consisting of 
HF, HCl, and NH4OH; a step for forming a photoresist 
pattern on said tungsten ?lm; and a patterning step for 
patterning said tungsten ?lm and said barrier metal using 
said photoresist pattern as a mask. 

[0010] According to a third aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising: an interlayer insulation ?lm 
forming step for forming an interlayer insulation ?lm on a 
silicon substrate; a step for forming an opening in said 
interlayer insulation ?lm; a step for forming a polysilicon 
plug by depositing polysilicon in said opening; a step for 
forming cobalt silicide on the upper end of said polysilicon 
plug by the salicide process; a step for depositing a barrier 
metal on said interlayer insulation ?lm including said cobalt 
silicide; a tungsten ?lm depositing step for depositing a 
tungsten ?lm on said barrier metal; a step for forming a 
photoresist pattern on said tungsten ?lm; and a patterning 
step for patterning said tungsten ?lm and said barrier metal 
using said photoresist pattern as a mask. 

[0011] According to a fourth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising: a step for forming an inter 
layer insulation ?lm on a silicon substrate; a step for forming 
an opening in said interlayer insulation ?lm; a step for 
depositing a barrier metal on said interlayer insulation ?lm 
including in said opening; a step for depositing a tungsten 
?lm on said barrier metal; a ?rst cleaning step for cleaning 
said silicon substrate by dipping said silicon substrate in a 
solution of at least one selected from a group consisting of 
HF, HCl, and NH4OH; and a planariZing step for planariZing 
said tungsten ?lm, said barrier metal, and said silicon oxide 
?lm by polishing. 

[0012] According to a ?fth aspect of the present invention, 
there is provided a semiconductor device comprising: a 
silicon substrate; an interlayer insulation ?lm formed on said 
silicon substrate; a polysilicon plug formed by depositing 
polysilicon in an opening formed in said interlayer insula 
tion ?lm; a Wiring part formed on the upper end of said 
polysilicon plug, said Wiring part having a barrier metal 
formed in contact With said polysilicon plug, and a tungsten 
?lm deposited on said barrier metal; and cobalt silicide 
formed betWeen the upper end of said polysilicon plug and 
said barrier metal, Wherein said cobalt silicide prevents the 
dissolution of said polysilicon plug in the chemical solution 
for removing impurities present on the surface of said silicon 
substrate. 
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[0013] According to a sixth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising: an interlayer insulation ?lm 
forming step for forming a ?rst interlayer insulation ?lm on 
a silicon substrate; a step for forming an opening in said ?rst 
interlayer insulation ?lm; a step for forming a polysilicon 
plug by depositing polysilicon in said opening; a step for 
forming a second interlayer insulation ?lm on said polysili 
con plug and said ?rst interlayer insulation ?lm; a step for 
forming an opening in said second interlayer insulation ?lm 
on said polysilicon plug; a step for forming cobalt silicide on 
the upper end of said polysilicon plug by the salicide 
process; a step for depositing a barrier metal on said cobalt 
silicide and said second interlayer insulation ?lm; a tungsten 
?lm depositing step for depositing a tungsten ?lm on said 
barrier metal; a step for forming a photoresist pattern on said 
tungsten ?lm; and a patterning step for patterning said 
tungsten ?lm and said barrier metal using said photoresist 
pattern as a mask. 

[0014] The above and other objects, effects, features and 
advantages of the present invention Will become more 
apparent from the folloWing description of the embodiments 
thereof taken in conjunction With the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. 1 through 4 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 1 of the 
present invention. 

[0016] FIGS. 5 through 7 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 2 of the 
present invention. 

[0017] FIGS. 8 through 12 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 3 of the 
present invention. 

[0018] FIGS. 13 through 15 shoW the process steps for 
forming a tungsten Wiring or plug according to Embodiment 
4 of the present invention. 

[0019] FIGS. 16 through 21 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 12 of 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. It is noted that the same reference symbols in the 
draWings denote the same or corresponding components. 

Embodiment 1 

[0021] FIGS. 1 through 4 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 1 of the 
present invention. As FIG. 1 shoWs, an interlayer insulation 
?lm 12 such as a silicon oxide ?lm is ?rst formed on a 
silicon substrate 10 by chemical vapor deposition (CVD) 
and the like, and a contact hole 14 is formed in the interlayer 
insulation ?lm 12 by photolithography and dry etching. 
Next, as FIG. 2 shoWs, polysilicon is deposited on the entire 
surface and in the contact hole 14, and excessive polysilicon 
is removed by dry etching and/or chemical mechanical 
polishing (CMP) to form a polysilicon plug 16. 

Nov. 1, 2001 

[0022] Then, as FIG. 3 shoWs, a barrier metal 18 such as 
TiN or Ti is deposited on the interlayer insulation ?lm 12 and 
the polysilicon plug 16 by CVD or sputtering, and a tungsten 
?lm 20 Which Will become a Wiring material is deposited on 
the barrier metal 18 by CVD or sputtering. Under a condi 
tion Where the surface of the silicon substrate 10 is entirely 
covered by the tungsten ?lm 20, the silicon substrate 10 is 
dipped and cleaned in one or a plurality of solutions selected 
from a group consisting of HF, HCl, and NH4OH. By these 
solutions, impurities present on the silicon substrate 10 can 
be removed While restricting the etching of the tungsten ?lm 
20 exposed on the surface of the silicon substrate 10. Next, 
as FIG. 4 shoWs, the tungsten ?lm 20 and the barrier metal 
18 are patterned by photolithography and dry etching. 

[0023] After dry etching, the silicon substrate 10 is dipped 
and cleaned in one or a plurality of solutions selected from 
a group consisting of HCl and NH4OH. By these solutions, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
and the barrier metal 18 exposed on the surface of the silicon 
substrate 10. 

[0024] According to Embodiment 1 as described above, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10, by dipping 
and cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH, under a condition Where the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20. In 
addition, after dry etching for patterning the tungsten ?lm 20 
and the barrier metal 18, impurities present on the silicon 
substrate 10 can be removed While restricting the etching of 
the tungsten ?lm 20 and the barrier metal 18 exposed on the 
surface of the silicon substrate 10, by dipping and cleaning 
the silicon substrate 10 in one or a plurality of solutions 
selected from a group consisting of HCl and NH4OH. 

[0025] In Embodiment 1 as described above, although the 
barrier metal 18 and the tungsten ?lm 20 are deposited on 
the interlayer insulation ?lm 12 and the polysilicon plug 16 
after forming the polysilicon plug 16, it is needless to say 
that the method for producing a semiconductor device of the 
present invention can be applied to the case Where no 
polysilicon plug 16 is formed. Furthermore, although clean 
ing is performed tWice in Embodiment 1 described above, 
single cleaning is possible in the state Where the surface of 
the silicon substrate 10 is entirely covered With the tungsten 
?lm 20. Similarly, cleaning can be performed only once after 
dry etching for patterning the tungsten ?lm 20 and the 
barrier metal 18. 

Embodiment 2 

[0026] FIGS. 5 through 7 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 2 of the 
present invention. In FIGS. 5 through 7, since the identical 
numerals represent the like parts in FIG. 1 or FIG. 4, the 
description of these parts Will be omitted. As FIG. 5 shoWs, 
an interlayer insulation ?lm 12 such as a silicon oxide ?lm 
is ?rst formed on a silicon substrate 10 by CVD and the like, 
and an opening (contact hole) 14 is formed in the interlayer 
insulation ?lm 12 by photolithography and dry etching. This 
opening in a vertical hole formed in the direction almost 
perpendicular to the surface of the silicon substrate 10, and 
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includes, for example, a contact hole or a via hole. Next, as 
FIG. 6 shows, a barrier metal 18, such as TiN and Ti, is 
deposited on the entire surface including the bottom and side 
surfaces of the contact hole 14 by CVD or sputtering, and a 
tungsten ?lm 20 Which Will become a Wiring material is 
deposited on the barrier metal 18 by CVD or sputtering. In 
a state Where the surface of the silicon substrate 10 is 
entirely covered by the tungsten ?lm 20, the silicon substrate 
10 is dipped and cleaned in one or a plurality of solutions 
selected from a group consisting of HF, HCl, and NH4OH. 
By these solutions, impurities present on the silicon sub 
strate 10 can be removed While restricting the etching of the 
tungsten ?lm 20 exposed on the surface of the silicon 
substrate 10. Next, as FIG. 7 shoWs, the tungsten ?lm 20 and 
the barrier metal 18 are patterned by photolithography and 
dry etching. 

[0027] After dry etching, the silicon substrate 10 is dipped 
and cleaned in one or a plurality of solutions selected from 
a group consisting of HCl and NH4OH. By these solutions, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
and the barrier metal 18 exposed on the surface of the silicon 
substrate 10. 

[0028] According to Embodiment 2 as described above, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10, by dipping 
and cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH, under a condition Where the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20. In 
addition, after dry etching for patterning the tungsten ?lm 20 
and the barrier metal 18, impurities present on the silicon 
substrate 10 can be removed While restricting the etching of 
the tungsten ?lm 20 and the barrier metal 18 exposed on the 
surface of the silicon substrate 10, by dipping and cleaning 
the silicon substrate 10 in one or a plurality of solutions 
selected from a group consisting of HCl and NH4OH. 

[0029] Although cleaning is performed tWice in Embodi 
ment 2 as described above, single cleaning is possible in the 
state Where the surface of the silicon substrate 10 is entirely 
covered With the tungsten ?lm 20. Similarly, cleaning can be 
performed only once after dry etching for patterning the 
tungsten ?lm 20 and the barrier metal 18. 

Embodiment 3 

[0030] FIGS. 8 through 12 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 3 of the 
present invention. In FIGS. 8 through 12, since the iden 
tical numerals represent the like parts, the description of 
these parts Will be omitted. As FIG. 8 shoWs, an interlayer 
insulation ?lm 12 such as a silicon oxide ?lm is ?rst formed 
on a silicon substrate 10 by CVD and the like, and a contact 
hole 14 is formed in the interlayer insulation ?lm 12 by 
photolithography and dry etching. Next, as FIG. 9 shoWs, 
polysilicon is deposited on the entire surface and in the 
contact hole 14 of the silicon substrate 10, by CVD, and 
excessive polysilicon is removed by dry etching and/or CMP 
to form a polysilicon plug 16. Next, as FIG. 10 shoWs, 
cobalt is deposited on the entire surface of the substrate 10 
by sputtering, and cobalt silicide 22 is formed on the upper 
end of the polysilicon plug 16 using the salicide process. 
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Then, as FIG. 11 shoWs, a barrier metal 18, such as TiN and 
Ti, is deposited on the entire surface of the substrate 10 
including the bottom and side surfaces by CVD or sputter 
ing, and a tungsten ?lm 20 Which Will become a Wiring 
material is deposited on the barrier metal 18 by CVD. 

[0031] Under the condition that the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20, the 
silicon substrate 10 is dipped and cleaned in one or a 
plurality of solutions selected from a group consisting of HF, 
HCl, and NH4OH. By these solutions, impurities present on 
the silicon substrate 10 can be removed While restricting the 
etching of the tungsten ?lm 20 exposed on the surface of the 
silicon substrate 10. 

[0032] Next, as FIG. 12 shoWs, the tungsten ?lm 20 and 
the barrier metal 18 are patterned by photolithography and 
dry etching. 

[0033] After dry etching, the silicon substrate 10 is dipped 
and cleaned in one or a plurality of solutions selected from 
a group consisting of HCl and NH4OH. By these solutions, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
and the barrier metal 18 exposed on the surface of the silicon 
substrate 10. Since cobalt silicide 22 is formed on the upper 
end of the polysilicon plug 16, the dissolution of the 
polysilicon plug 16 into the aqueous solution of NH4OH can 
be prevented even if the polysilicon plug 16 is exposed on 
the surface of the silicon substrate 10 due to the borderless 
structure. 

[0034] According to Embodiment 3 as described above, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10, by dipping 
and cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH, under a condition Where the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20. In 
addition, after dry etching for patterning the tungsten ?lm 20 
and the barrier metal 18, impurities present on the silicon 
substrate 10 can be removed While restricting the etching of 
the tungsten ?lm 20 and the barrier metal 18 exposed on the 
surface of the silicon substrate 10, by dipping and cleaning 
the silicon substrate 10 in one or a plurality of solutions 
selected from a group consisting of HCl and NH4OH. 
Furthermore, since cobalt silicide 22 is formed on the upper 
end of the polysilicon plug 16, the dissolution of the 
polysilicon plug 16 into the aqueous solution of NH4OH can 
be prevented even if the polysilicon plug 16 is exposed on 
the surface of the silicon substrate 10 due to the borderless 
structure. 

[0035] Although cleaning is performed tWice in Embodi 
ment 3 as described above, single cleaning is possible in the 
state Where the surface of the silicon substrate 10 is entirely 
covered With the tungsten ?lm 20. Similarly, cleaning can be 
performed only once after dry etching for patterning the 
tungsten ?lm 20 and the barrier metal 18. 

Embodiment 4 

[0036] FIGS. 13 through 15 shoW the process steps for 
forming a tungsten Wiring or plug according to Embodiment 
4 of the present invention. In FIGS. 13 through 15, since 
the identical numerals represent the like parts in FIG. 1 or 
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FIG. 4, the description of these parts Will be omitted. As 
FIG. 13 shows, an interlayer insulation ?lm 12 such as a 
silicon oxide ?lm is ?rst formed on a silicon substrate 10 by 
CVD and the like, and a channel or a contact hole 14 is 
formed in the interlayer insulation ?lm 12 by photolithog 
raphy and dry etching. Next, as FIG. 14 shoWs, a barrier 
metal 18, such as TiN and Ti, is deposited on the entire 
surface including the bottom and side surfaces of the contact 
hole 14 by CVD or sputtering, and a tungsten ?lm 20 Which 
Will become a Wiring material is deposited on the barrier 
metal 18 by CVD or sputtering. In the state Where the 
surface of the silicon substrate 10 is entirely covered by the 
tungsten ?lm 20, the silicon substrate 10 is dipped and 
cleaned in one or a plurality of solutions selected from a 

group consisting of HF, HCl, and NH4OH. By these solu 
tions, impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10. Next, as 
FIG. 15 shoWs, the channel or contact hole 14 in Which the 
tungsten ?lm 20 and the barrier metal 18 are buried and the 
interlayer insulation ?lm 12 are planariZed by CMP. 

[0037] After CMP, the silicon substrate 10 is dipped and 
cleaned in one or a plurality of solutions selected from a 

group consisting of HCl and NH4OH. By these solutions, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
and the barrier metal 18 exposed on the surface of the silicon 
substrate 10. 

[0038] According to Embodiment 4 as described above, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10, by dipping 
and cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH, under a condition Where the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20. In 
addition, after ?attening by CMP the channel or contact hole 
14 in Which the tungsten ?lm 20 and the barrier metal 18 are 
buried and the interlayer insulation ?lm 12, impurities 
present on the silicon substrate 10 can be removed While 
restricting the etching of the tungsten ?lm 20 and the barrier 
metal 18 exposed on the surface of the silicon substrate 10, 
by dipping and cleaning the silicon substrate 10 in one or a 
plurality of solutions selected from a group consisting of 
HCl and NH4OH. 

[0039] Although cleaning is performed tWice in Embodi 
ment 4 as described above, single cleaning is possible in the 
state Where the surface of the silicon substrate 10 is entirely 
covered With the tungsten ?lm 20. Similarly, it is possible 
only to clean the channel Where the tungsten ?lm 20 and the 
barrier metal 18 are buried, or the contact hole 14 and the 
interlayer insulation ?lm 12 by CMP after the ?attening. 

Embodiment 6 

[0040] Similarly to Embodiment 1 through Embodiment 4 
as described above, in the process step for forming a 
tungsten Wiring or plug, after the dry etching or CMP of the 
tungsten ?lm and the barrier metal, only the back side of the 
silicon substrate is cleaned With HF using a discrete-type 
cleaning machine, and the silicon substrate is dipped and 
cleaned in one or a plurality of solutions selected from a 
group consisting of HCl and NH 4OH. According to Embodi 
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ment 5, not only similar effects as in Embodiment 1 through 
Embodiment 4 are obtained, but also the removal of metallic 
impurities present on the back side of the silicon substrate 10 
can be enhanced. 

[0041] According to Embodiment 5 as described above, 
by cleaning only the back side of the silicon substrate With 
HF using a discrete-type cleaning machine after the dry 
etching or CMP of the tungsten ?lm and the barrier metal, 
the removal of metallic impurities present on only the back 
side of the silicon substrate can be enhanced. 

Embodiment 6 

[0042] Similarly to Embodiment 1 through Embodiment 5 
as described above, in the process step for forming a 
tungsten Wiring or plug, the chemical solution used for 
dipping and cleaning silicon substrates is disposed. Accord 
ing to Embodiment 6, not only similar effects as in Embodi 
ment 1 through Embodiment 5 are obtained, but also the 
same cleaning machine can be used in common With other 
silicon substrates to Which no metallic materials such as a 
tungsten ?lm are applied Without contaminating the other 
substrates (batches) to be cleaned. 

[0043] According to Embodiment 6 as described above, 
since the chemical solution used for dipping and cleaning 
silicon substrates is disposed, the same cleaning machine 
can be used in common With other silicon substrates to 
Which no metallic materials such as a tungsten ?lm are 
applied Without causing mutual contamination betWeen 
batches. 

Embodiment 7 

[0044] Similarly to Embodiment 1 through Embodiment 6 
as described above, in the process step for forming a 
tungsten Wiring or plug, a chemical solution diluted to 1:50 
to 111000 is used. According to Embodiment 7, not only 
similar effects as in Embodiment 1 through Embodiment 6 
are obtained, but also the quantity of the chemical solution 
can be minimiZed even if the solution is disposed. 

[0045] According to Embodiment 7 as described above, 
since the chemical solution diluted to 1:50 to 111000 is used, 
the quantity of the chemical solution can be minimiZed even 
if the solution is disposed. 

Embodiment 8 

[0046] Similarly to Embodiment 1 through Embodiment 7 
as described above, in the process step for forming a 
tungsten Wiring or plug, ultrasonic Waves are radiated onto 
a silicon substrate While the silicon substrate is dipped in 
NH4OH. According to Embodiment 8, not only similar 
effects as in Embodiment 1 through Embodiment 7 are 
obtained, but also the removal of particles in NH4OH can be 
enhanced. 

[0047] According to Embodiment 8 as described above, 
the removal of particles in NH4OH can be enhanced by 
radiating ultrasonic Waves onto a silicon substrate While the 
silicon substrate is dipped in NH4OH. 

Embodiment 9 

[0048] Similarly to Embodiment 1 through Embodiment 8 
as described above, in the process step for forming a 
tungsten Wiring or plug, a chelating agent is added to 
NH4OH. 
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[0049] According to Embodiment 9, not only similar 
effects as in Embodiment 1 through Embodiment 8 are 
obtained, but also the removal of metallic impurities in 
NH4OH can be enhanced. 

[0050] According to Embodiment 9 as described above, 
the removal of metallic impurities in NH4OH can be 
enhanced by adding a chelating agent to NH4OH. 

Embodiment 10 

[0051] Although HCl and NH4OH are used as the chemi 
cal solution for cleaning in Embodiment 1 through Embodi 
ment 9 as described above, HCl-added anode Water or 
NH4OH-added cathode Water can be used in place of HCl 
and NH4OH, respectively. According to Embodiment 10, 
not only similar effects as in Embodiment 1 through 
Embodiment 9 are obtained, but also the removal of impu 
rities can be enhanced. 

[0052] According to Embodiment 10 as described above, 
the removal of impurities can be enhanced by using HCl 
added anode Water or NH4OH-added cathode Water in place 
of HCl and NH4OH, respectively. 

Embodiment 11 

[0053] FIG. 12 shoWs a semiconductor device according 
to Embodiment 11 of the present invention. As FIG. 12 
shoWs, the numeral 10 denotes a silicon substrate, 12 an 
interlayer insulation ?lm such as a silicon oxide ?lm formed 
on the silicon substrate 10 by CVD and the like, 14 a contact 
hole formed in the interlayer insulation ?lm 12 by photoli 
thography and dry etching, 16 a polysilicon plug formed by 
depositing polysilicon on the entire surface and in the 
contact hole 14 and removing excessive polysilicon by dry 
etching and/or CMP, 18 a barrier metal such as TiN and Ti 
formed in contact With the upper end of the polysilicon plug, 
and 20 a tungsten ?lm deposited on the barrier metal 18. The 
Wiring is constituted by the barrier metal 18 and the tungsten 
?lm 20. BetWeen the upper end of the polysilicon plug 16 
and the barrier metal 18 is formed cobalt silicide 22. By this 
cobalt silicide 22, even if the polysilicon plug 16 is exposed 
on the surface of the silicon substrate 10 due to the border 
less structure, the dissolution of the polysilicon plug 16 into 
the aqueous solution of NH4OH, Which is used for removing 
impurities present on the silicon substrate 10, can be pre 
vented. 

[0054] According to Embodiment 11 as described above, 
since cobalt silicide 22 is formed on the upper end of the 
polysilicon plug 16, the dissolution of the polysilicon plug 
16 into the aqueous solution of NH4OH can be prevented, 
even if the polysilicon plug 16 is exposed on the surface of 
the silicon substrate 10 due to the borderless structure. 

Embodiment 12 

[0055] FIGS. 16 through 21 shoW the process steps for 
forming a tungsten Wiring according to Embodiment 12 of 
the present invention. In FIGS. 16 through 21, since the 
identical numerals as in FIGS. 1 through 10 represent the 
like parts, the description of these parts Will be omitted. As 
FIG. 16 shoWs, an interlayer insulation ?lm 12 such as a 
silicon oxide ?lm is ?rst formed on a silicon substrate 10 by 
CVD and the like, and a contact hole 14 is formed in the 
interlayer insulation ?lm 12 by photolithography and dry 

Nov. 1, 2001 

etching. Next as FIG. 17 shoWs, polysilicon is deposited on 
the entire surface and in the contact hole 14 of the silicon 
substrate by CVD, and excessive polysilicon is removed by 
dry etching and/or CMP to form a polysilicon plug. Next, as 
FIG. 18 shoWs, an interlayer insulation ?lm 24 is overlaid, 
and an opening is formed on the polysilicon plug 16. Next, 
as FIG. 19 shoWs, cobalt silicide 22 is formed on the upper 
end of the polysilicon plug 16 using the salicide process. 
Then, as FIG. 20 shoWs, a barrier metal ?lm 18 such as a 
TiN or Ti ?lm is formed on cobalt silicide 22 and the 
interlayer insulation ?lm 24, on Which a tungsten ?lm 20 is 
deposited. 
[0056] In a state Where the surface of the silicon substrate 
10 is entirely covered by the tungsten ?lm 20, the silicon 
substrate 10 is dipped and cleaned in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH. By these solutions, impurities present on the sili 
con substrate 10 can be removed While restricting the 
etching of the tungsten ?lm 20 exposed on the surface of the 
silicon substrate 10. 

[0057] As FIG. 21 shoWs, after cleaning as described 
above, the tungsten ?lm 20 and the barrier metal 18 are 
patterned by photolithography and dry etching. After dry 
etching, the silicon substrate 10 is dipped and cleaned in one 
or a plurality of solutions selected from a group consisting 
of HCl and NH4OH. By these solutions, impurities present 
on the silicon substrate 10 can be removed While restricting 
the etching of the W, TiN, or Ti laminated ?lm 26 exposed 
on the surface of the silicon substrate 10. Here, if the upper 
end of the polysilicon plug 16 is exposed by over-etching 
during the dry etching of the tungsten ?lm W20 and the 
barrier metal ?lm 18, since cobalt silicide 22 is formed on 
the polysilicon plug 16, the dissolution of the polysilicon 
plug 16 into the aqueous solution of NH4OH can be pre 
vented even if the polysilicon plug 16 is exposed on the 
surface of the silicon substrate 10. 

[0058] According to Embodiment 12 as described above, 
impurities present on the silicon substrate 10 can be 
removed While restricting the etching of the tungsten ?lm 20 
exposed on the surface of the silicon substrate 10, by dipping 
and cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HF, HCl, and 
NH4OH, under a condition Where the surface of the silicon 
substrate 10 is entirely covered by the tungsten ?lm 20. In 
addition, after dry etching for patterning the tungsten ?lm 20 
and the barrier metal ?lm 18, impurities present on the 
silicon substrate 10 can be removed While restricting the 
etching of the W, TiN, or Ti laminated ?lm 26 exposed on 
the surface of the silicon substrate 10, by dipping and 
cleaning the silicon substrate 10 in one or a plurality of 
solutions selected from a group consisting of HCl and 

NH4OH. 
[0059] Although cleaning is performed tWice in Embodi 
ment 12 as described above, single cleaning is possible in 
the state Where the surface of the silicon substrate 10 is 
entirely covered With the tungsten ?lm 20. Similarly, clean 
ing can be performed only once after dry etching. 

[0060] According to the semiconductor device and the 
method for manufacturing the same, as described above, 
there are provided the semiconductor device and the method 
for manufacturing the same using the cleaning of the sub 
strate Without dissolving metallic materials such as W, Ti, 
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and TiN, even if these metallic materials are exposed on the 
surface of the substrate to be cleaned Here, the method of 
manufacturing a semiconductor device may further com 
prise a second cleaning step for cleaning the silicon substrate 
by dipping the silicon substrate in a solution of at least one 
selected from a group consisting of HCl and NH4OH after 
the planariZing step. 

[0061] Here, the method of manufacturing a semiconduc 
tor device may further comprise a second cleaning step for 
cleaning only the back side of the silicon substrate With HF 
using a discrete-type cleaning machine after the planariZing 
step. 

[0062] In the method of manufacturing a semiconductor 
device, the miXing ratio of the chemical solution to pure 
Water is Within a range betWeen 1:50 and 1:1000. 

[0063] In the method of manufacturing a semiconductor 
device, When the silicon substrate is cleaned by dipping in 
an NH4OH solution, a chelating agent is added to the 
NH4OH solution. 

[0064] In the method of manufacturing a semiconductor 
device, HCl used in the ?rst cleaning step or the second 
cleaning step is miXed With anode Water. 

[0065] In the method of manufacturing a semiconductor 
device, NH4OH used in the ?rst cleaning step or the second 
cleaning step is miXed With cathode Water. 

[0066] Here, the method of manufacturing a semiconduc 
tor device may further comprise a ?rst cleaning step for 
cleaning the silicon substrate by dipping the silicon substrate 
in a solution of at least one selected from a group consisting 
of HF, HCl, and NH4OH after the tungsten ?lm depositing 
step. 

[0067] Here, the method of manufacturing a semiconduc 
tor device may further comprise a second cleaning step for 
cleaning the silicon substrate by dipping the silicon substrate 
in a solution of at least one selected from a group consisting 
of HCl and NH4OH after the patterning step. 

[0068] The present invention has been described in detail 
With respect to various embodiments, and it Will noW be 
apparent from the foregoing to those skilled in the art that 
changes and modi?cations may be made Without departing 
from the invention in its broader aspects, and it is the 
invention, therefore, in the appended claims to cover all such 
changes and modi?cations as fall Within the true spirit of the 
invention. 

[0069] The entire disclosure of Japanese Patent Applica 
tion No. 10-362753 ?led on Dec. 21, 1998 including speci 
?cation, claims, draWings and summary are incorporated 
herein by reference in its entirety. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising the steps of: 

forming an interlayer insulation ?lm on a silicon sub 

strate; 

depositing a barrier metal on said interlayer insulation 
?lm; 

depositing a tungsten ?lm on said barrier metal; 
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cleaning said silicon substrate by dipping said silicon 
substrate in a solution of at least one selected from a 

group consisting of HF, HCl, and NH4OH; 

forming a photoresist pattern on said tungsten ?lm; and 

patterning said tungsten ?lm and said barrier metal using 
said photoresist pattern as a mask. 

2. The method of manufacturing a semiconductor device 
according to claim 1, further comprising a step of cleaning 
said silicon substrate by dipping said silicon substrate in a 
solution of at least one selected from a group consisting of 
HCl and NH4OH after said step of patterning said tungsten 
?lm and said barrier metal. 

3. The method of manufacturing a semiconductor device 
according to claim 1, further comprising after said step of 
forming an interlayer insulation ?lm, a step for forming an 
opening in said interlayer insulation ?lm, and a step for 
forming a polysilicon plug by depositing polysilicon in said 
opening, and said step of depositing a barrier metal being 
characteriZed by depositing a barrier metal on said interlayer 
insulation ?lm and said polysilicon plug. 

4. The method of manufacturing a semiconductor device 
according to claim 2, further comprising after said step of 
forming an interlayer insulation ?lm, a step for forming an 
opening in said interlayer insulation ?lm, and a step for 
forming a polysilicon plug by depositing polysilicon in said 
opening, and said step of depositing a barrier metal being 
characteriZed by depositing a barrier metal on said interlayer 
insulation ?lm and said polysilicon plug. 

5. The method of manufacturing a semiconductor device 
according to claim 1, further comprising after said step of 
patterning said tungsten ?lm and said barrier metal, a step of 
cleaning only the back side of said silicon substrate With HF 
using a discrete-type cleaning machine. 

6. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said chemical solutions used 
in said step of cleaning said silicon substrate are used up. 

7. The method of manufacturing a semiconductor device 
according to claim 1, Wherein When said silicon substrate is 
cleaned by dipping in an NH4OH solution, said silicon 
substrate is irradiated by ultrasonic Waves. 

8. A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming an interlayer insulation ?lm on a silicon sub 

strate; 

forming an opening in said interlayer insulation ?lm; 

depositing a barrier metal on said interlayer insulation 
?lm including in said opening; 

depositing a tungsten ?lm on said barrier metal; 

cleaning said silicon substrate by dipping said silicon 
substrate in a solution of at least one selected from a 

group consisting of HF, HCl, and NH4OH; 

forming a photoresist pattern on said tungsten ?lm; and 

patterning said tungsten ?lm and said barrier metal using 
said photoresist pattern as a mask. 

9. The method of manufacturing a semiconductor device 
according to claim 8, further comprising after said step of 
patterning said tungsten ?lm and said barrier metal, a step of 
cleaning said silicon substrate by dipping said silicon sub 
strate in a solution of at least one selected from a group 

consisting of HCl and NH4OH. 
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10. The method of manufacturing a semiconductor device 
according to claim 9, Wherein said chemical solutions used 
in said step of cleaning said silicon substrate by dipping said 
silicon substrate in a solution of at least one selected from a 

group consisting of HF, HCl, and NH4OH or said step of 
cleaning said silicon substrate by dipping said silicon sub 
strate in a solution of at least one selected from a group 

consisting of HCl and NH4OH are used up. 
11. The method of manufacturing a semiconductor device 

according to claim 9, Wherein When said silicon substrate is 
cleaned by dipping in an NH 4OH solution, said silicon 
substrate is irradiated by ultrasonic Waves. 

12. The method of manufacturing a semiconductor device 
according to claim 8, further comprising after said step of 
patterning said tungsten ?lm and said barrier metal, a step of 
cleaning only the back side of said silicon substrate With HF 
using a discrete-type cleaning machine. 

13. A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming step for forming an interlayer insulation ?lm on 
a silicon substrate; 

forming an opening in said interlayer insulation ?lm; 

forming a polysilicon plug by depositing polysilicon in 
said opening; 

forming cobalt silicide on the upper end of said polysili 
con plug by the salicide process; 

depositing a barrier metal on said interlayer insulation 
?lm including said cobalt silicide; 

depositing a tungsten ?lm on said barrier metal; 

forming a photoresist pattern on said tungsten ?lm; and 

patterning said tungsten ?lm and said barrier metal using 
said photoresist pattern as a mask. 

14. The method of manufacturing a semiconductor device 
according to claim 13, further comprising a step of cleaning 
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said silicon substrate by dipping said silicon substrate in a 
solution of at least one selected from a group consisting of 
HF, HCl, and NH4OH after said step of depositing a tungsten 
?lm. 

15. The method of manufacturing a semiconductor device 
according to claim 14, further comprising a step of cleaning 
said silicon substrate by dipping said silicon substrate in a 
solution of at least one selected from a group consisting of 
HCl and NH4OH after said step of patterning said tungsten 
?lm and said barrier metal. 

16. The method of manufacturing a semiconductor device 
according to claim 15, Wherein said chemical solutions used 
in said step of cleaning said silicon substrate by dipping said 
silicon substrate in a solution of at least one selected from a 

group consisting of HF, HCl, and NH4OH or said step of 
cleaning said silicon substrate by dipping said silicon sub 
strate in a solution of at least one selected from a group 
consisting of HCl and NH4OH are used up. 

17. The method of manufacturing a semiconductor device 
according to claim 15, Wherein When said silicon substrate 
is cleaned by dipping in an NH4OH solution, said silicon 
substrate is irradiated by ultrasonic Waves. 

18. The method of manufacturing a semiconductor device 
according to claim 14, further comprising after said step of 
patterning said tungsten ?lm and said barrier metal, a step of 
cleaning only the back side of said silicon substrate With HF 
using a discrete-type cleaning machine. 

19. The method of manufacturing a semiconductor device 
according to claim 14, Wherein said chemical solutions used 
in said step of cleaning said silicon substrate by dipping said 
silicon substrate in a solution of at least one selected from a 
group consisting of HF, HCl, and NH4OH are used up. 

20. The method of manufacturing a semiconductor device 
according to claim 14, Wherein When said silicon substrate 
is cleaned by dipping in an NH4OH solution, said silicon 
substrate is irradiated by ultrasonic Waves. 

* * * * * 


