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(57) ABSTRACT 

A process for producing a semiconductor device for forming 
a highly reliable Wiring structure is provided that solves the 
problem occurring on using a xerogel or a ?uorine resin in 
an inter level dielectric between the Wirings to decrease a 
Wiring capacitance, and the problem occurring on misalign 
ment. A process for producing a semiconductor device com 
prising an inter level dielectric containing a xerogel ?lm or a 
?uorine resin ?lm comprises a step of forming, on the inter 
level dielectric comprising a loWer layer of the inter level 
dielectric formed With an organic ?lm and an upper layer of 
the inter level dielectric formed With a xerogel ?lm or a 
?uorine resin ?lm, a ?rst mask to be an etching mask for 
forming a via contact hole by etching the inter level 
dielectric, and a step of forming, on the ?rst mask, a second 
mask, Which comprises a different material from the ?rst 
mask, to be an etching mask for forming a Wiring groove by 
etching the inter level dielectric. 

11 Claims, 8 Drawing Sheets 
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FIG. 2A FIG. 28 FIG. 2C 
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PROCESS FOR PRODUCING 
SEMICONDUCTOR DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process for producing a 

semiconductor device, and more particularly, it relates to a 
process for producing a semiconductor device having a 
multi-layer wiring structure used for device process beyond 
the design rule of 0.25 pm. 

2. Description of the Related Art 
With the scale down of a semiconductor device, scale 

down of wiring and reduction of a wiring interval become 
necessary. Simultaneously, with the demand of low consum 
ing electric power and high-speed operation, an inter level 
dielectric having a low dielectric constant and wiring having 
a low resistance become necessary. Particularly, in a logic 
device, because increase of the resistance and increase of the 
wiring capacitance due to the ?ne wiring bring about dete 
rioration in operation speed, ?ne multi-layer wiring using a 
?lm having a low dielectric constant as an inter level dielec 
tric becomes necessary. 

In order to apply the dual damascene method to the inter 
level dielectric having a low dielectric constant, in which a 
conductive material is ?lled in a via hole and a wiring groove 
formed in the inter level dielectric, followed by ?attening, it 
is necessary to employ a technique in which the via hole and 
the wiring groove can be simultaneously formed in the inter 
level dielectric having a low dielectric constant. 
An organic polymer is receiving attention as the material 

for the inter level dielectric having a low dielectric constant. 
An organic polymer has a dielectric constant of about 2.7, 
which is lower than the conventional inter level dielectric 
using silicon oxide (SiO2) having a dielectric constant of 
about 4.0 and silicon oxide ?uoride (SiOF) having a dielec 
tric constant of about 3.5. Therefore, a great improvement in 
performance is expected in a semiconductor device using an 
organic polymer in an inter level dielectric. However, as the 
organic polymer is an expensive material, taking the balance 
between increase in cost and improvement in performance of 
the semiconductor device into consideration, it has been 
studied a structure, in which only the inter level dielectric 
having groove wiring formed therein is formed with the 
organic polymer, and the inter level dielectric having a via 
hole formed therein is formed with silicon oxide or silicon 
oxide ?uoride, which has been conventionally used. An 
example of such a structure will be described below with 
reference to FIGS. 1A to 1F. 

As shown in FIG. 1A, a passivation ?lm 111 comprising a 
material, into which a wiring material is not diffused, is 
formed with a silicon nitride ?lm on a substrate 110, in 
which transistors and wiring have been formed, and then a 
?rst inter level dielectric 112, in which a via hole is to be 
formed, is formed with a silicon oxide ?lm having a thick 
ness of 500 nm. A resist mask (not shown in the ?gure) for 
forming a via hole is formed on the ?rst inter level dielectric 
112, and a via hole 113 is formed in the ?rst inter level 
dielectric 112 by etching using the resist mask as an etching 
mask. The resist mask is then removed. 
As shown in FIG. 1B, a second inter level dielectric 114, 

by which the via hole 113 is ?lled, is formed with an organic 
polymer having a thickness of 500 nm on the ?rst inter level 
dielectric 112. 
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2 
As shown in FIG. 1C, a mask layer 115 to be an etching 

mask for forming a wiring groove is formed with a silicon 
oxide ?lm having a thickness of 100 nm on the second inter 
level dielectric 114. A resist mask 116 for forming a wiring 
groove pattern is formed on the mask layer 115. An opening 
117 for forming the wiring groove pattern is formed in the 
resist mask 116. 

As shown in FIG. 1D, the wiring groove pattern 118 is 
formed in the mask layer 115 by etching using the resist 
mask 116 as an etching mask. 

As shown in FIG. 1E, the second inter level dielectric 114 
is etched by using the resist mask 116 (see FIG. 1D) and the 
mask layer 115 as an etching mask to form a wiring groove 
119, and the second inter level dielectric 114 ?lled in the via 
hole 113 is selectively removed to re-open the via hole 113 
in the ?rst inter level dielectric 112. Upon etching in this 
case, since the second inter level dielectric 114 comprising 
the organic polymer is etched, the resist mask 116 is simul 
taneously etched and removed. Therefore, a step of remov 
ing the resist mask 116 is not necessary. 

Thereafter, as shown in FIG. IF, the passivation ?lm 111 
exposed at the bottom of the via hole 113 is etched by using 
the ?rst and second inter level dielectrics 112 and 114 as a 
mask. As a result, the wiring groove 119 and the via hole 113 
having a dual damascene structure are formed. 

The scale down of the wiring width and reduction of the 
interval bring about not only the aspect ratio of the wiring 
itself, but also the aspect ratio of the space among the wiring, 
and as a result, and thus dif?culties are caused in the tech 
niques for forming narrow and long wiring and the technique 
for ?lling a gap among ?ne wiring with an inter level dielec 
tric. Thus, the process becomes complicated, and simulta 
neously the number of steps contained in the process is 
increased. 

In a damascene process, in which after a via hole and a 
wiring groove are simultaneously ?lled with an aluminum 
series metal or a copper series metal by re?ow sputtering, an 
excess metal on the inter level dielectric, in which the via 
hole and the wiring groove are formed, is removed by 
chemical mechanical polishing (hereinafter referred to as 
CMP), it is not necessary to form metallic wiring having a 
high aspect ratio by etching or to ?ll the gap among the 
wiring with an inter level dielectric, and thus the number of 
steps of the process can be greatly reduced. This process 
contributes to the reduction of the total cost in a greater 
extent when the aspect ratio of the wiring becomes larger, or 
the total number of the wiring becomes larger. 
An inter layer dielectric having a low dielectric constant is 

applied to a device of a 0.18 pm or lower design role rule 
since it reduces the capacitance among the wiring. A ?lm 
having a speci?c inductive capacity of 2.5 or less has a ?lm 
property that is greatly different from a silicon oxide ?lm 
used in the conventional device, and thus a process tech 
nique that can be applied to the ?lm having a low dielectric 
constant is demanded. 
Many of the ?lms having a low dielectric constant of 3.0 

or lower are organic ?lms containing carbon, and they are 
employed instead of the conventional inter level dielectric. 
Oxygen is necessarily used on opening a via hole in the 
organic ?lm used as the inter level dielectric. However since 
a resist comprising an organic ?lm is used in the patterning 
technique used in the conventional process for producing a 
semiconductor device, there is a problem in that the ?lm 
having a low dielectric constant is damaged in the step of 
removing the resist. Because the composition of the ?lm 
having a low dielectric constant is similar to the composition 
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of the resist, there is a possibility that the ?lm having a loW 
dielectric constant is removed in the step of removing the 
resist. 

In recent years, an application of xerogel to a semiconduc 
tor device is receiving attention as a material expected to 
have a speci?c inductive capacity of 2.0 or less. The xerogel 
is a Well-knoWn material, for example, as silica gel used as a 
desiccating agent. The application of xerogel to a semicon 
ductor device is dif?cult at present due to a demand of vari 
ous kinds of reliability. That is, xerogel contains from 50 to 
90% of pores by volume and thus has a problem in mechani 
cal strength. 

In the process described With reference to FIGS. 1A to IF, 
the second inter level dielectric is ?lled in the via hole in the 
step shoWn in FIG. 1B. Therefore, in the step shoWn in FIG. 
1E, because the second inter level dielectric in the via hole is 
etched until it is completely removed, over etching is often 
applied to the bottom of the Wiring groove and the mask 
layer. As a result, the shoulder parts of the bottom of the 
Wiring groove and the mask layer are cut by a sputtering 
phenomenon, and a Wiring groove and a via hole having a 
good shape are di?icult to be obtained. In the case Where the 
interval of the Wiring grooves is narroW, the Wiring grooves 
adjacent to each other are connected due to the cutting of the 
shoulder parts of the mask layer, so as to cause a defect such 
as a short circuit. 

In the process technique shoWn in FIGS. 1A to IE, When 
the Wiring groove is formed beyond. the via hole due to 
misalignment, the contact area of the via hole becomes small 
to cause problems, such as increase of the contact resistance, 
defective ?lling of the metal in the via hole, and deteriora 
tion of resistance to electro-migration. The misalignment 
Will be described in detail beloW With reference to FIGS. 2A 
to 2F. 

As similar to the case shoWn in FIGS. 1A and 1B, after 
forming a passivation ?lm 111 on a substrate 110, a ?rst 
inter level dielectric 112 is formed, and then a via hole 113 is 
formed in the ?rst inter level dielectric 112, as shoWn in FIG. 
2A. As shoWn in FIG. 2B, a second inter level dielectric 114 
?lling the via hole 113 is formed on the ?rst inter level 
dielectric 112. 
As shoWn in FIG. 2C, after forming a mask layer 115 on 

the second inter level dielectric 114, a resist mask 116 for 
forming a Wiring groove pattern is formed on the mask layer 
115. An opening 117 for forming the Wiring groove pattern 
is formed in the resist mask 116. At this time, it is assumed 
that the opening 117 is formed deviating from the via hole 
113 due to misalignment. 
As shoWn in FIG. 2D, a Wiring groove pattern 118 is 

formed in the mask layer 115 by etching using the resist 
mask 116 as an etching mask. 

As shoWn in FIG. 2E, the second inter level dielectric 114 
is etched by using the resist mask 116 (see FIG. 2D) and the 
mask layer 115 as an etching mask to form a Wiring groove 
119, and the second inter level dielectric 114 ?lled in the via 
hole 113 is selectively removed to re-open the via hole 113 
in the ?rst inter level dielectric 112. At this time, because the 
Wiring groove 119 is formed deviating from the via hole 113 
due to the misalignment, the second inter level dielectric 114 
remains in a part of the via hole 113 to stuff up a part of the 
via hole 113, and thus the opening area is decreased. 
As shoWn in FIG. 2F, the passivation ?lm 111 exposed at 

the bottom of the via hole 113 is etched by using the ?rst and 
second inter level dielectrics 112 and 114 as a mask. When 
the Wiring groove 119 and the via hole 113 having a dual 
damascene structure are formed as described in the 
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4 
foregoing, because a part of the via hole 113 is stuffed up by 
the second inter level dielectric 114, the contact area 
becomes small to cause increase in contact resistance. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a process for 
producing a semiconductor device for solving the problems 
described in the foregoing. 
The invention relates to a process for producing a semi 

conductor device comprising an inter level dielectric com 
prising a xerogel ?lm or an organic ?lm, the process com 
prising a step of forming, on an inter level dielectric, a ?rst 
mask to be an etching mask for etching the inter level dielec 
tric; and a step of forming, on the ?rst mask, a second mask 
comprising a different material from the ?rst mask to be an 
etching mask for etching the inter level dielectric. 

Because the process for producing a semiconductor 
device of the invention comprises the step of forming, on an 
inter level dielectric, a ?rst mask to be an etching mask for 
etching the inter level dielectric; and the step of forming, on 
the ?rst mask, a second mask comprising a different material 
from the ?rst mask to be an etching mask for etching the 
inter level dielectric, after the inter level dielectric is etched 
by using the ?rst mask as an etching mask, the inter level 
dielectric can be etched by using the second mask as an 
etching mask to a pattern different from the ?rst mask. 

In the process for producing a semiconductor device, a 
loWer layer of the inter level dielectric formed betWeen Wir 
ing layers may be formed With an organic ?lm, and an upper 
layer of the inter level dielectric formed betWeen Wiring of 
the same Wiring layer may be formed With a xerogel ?lm or 
an organic ?lm. 

In this embodiment of the production process, since the 
upper layer of the inter level dielectric formed betWeen Wir 
ing of the same Wiring layer is formed With a xerogel ?lm or 
an organic ?lm, such as a ?uorine resin ?lm, the dielectric 
constant betWeen Wiring of the same Wiring layer, Which 
becomes the maximum Wiring capacitance, can be about 
from 1.8 to 2.4, and thus the Wiring capacitance can be 
reduced. 

Speci?cally, in a semiconductor device having the mini 
mum interval of Wiring, in particular, one of a design rule of 
0.18 pm or less, a xerogel ?lm or an organic ?lm, such as a 
?uorine resin ?lm, is applied to the part Where the Wiring 
interval is 0.3 um or less. While the Wiring capacitance is 
generally remarkably increased at the part Where the Wiring 
interval is 0.3 pm or less, an effect of decreasing the Wiring 
capacitance can be obtained by using the xerogel ?lm or the 
organic ?lm, such as a ?uorine resin ?lm. 
On the other hand, there is no large in?uence relating to 

the increase in capacitance at the part Where the Wiring inter 
val is larger than 0.3 pm (for example, one betWeen Wiring 
layers vertically stacked). Therefore, it is suf?cient to use an 
organic ?lm having a speci?c inductive capacity of 3 or less 
at the part Where the Wiring interval exceeds 0.3 pm. A ?uo 
rine resin ?lm may also be used as the organic ?lm. As 
described in the foregoing, scale doWn of the Wiring interval 
can be realiZed in the invention. Furthermore, by using a 
xerogel ?lm or an organic ?lm, such as a ?uorine resin ?lm, 
only betWeen the Wirings, and by using an organic ?lm hav 
ing a loW dielectric constant of 3 or less for the other parts, 
the remarkable deterioration of the mechanical strength of 
the Whole inter level dielectrics can be suppressed. In the 
case Where the upper layer of the inter level dielectric is 
formed With an organic ?lm, the loWer layer of the inter level 
dielectric can be formed With an organic ?lm, and the same 
function described in the foregoing can also be obtained in 
this case. 
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In the process for producing a semiconductor device of 
the invention, a pattern for forming the Wiring groove may 
be formed in the second mask, and a pattern for forming the 
via hole is formed in the ?rst mask in such a manner that the 
pattern for forming the via hole at least overlaps the pattern 
for forming the Wiring groove. That is, the process for pro 
ducing a semiconductor device may comprise, a step of 
forming, on the inter level dielectric, a ?rst ?lm for forming 
the ?rst mask; a step of forming, on the ?rst ?lm, a second 
?lm for forming the second mask; a step of forming the 
second mask by forming a pattern or forming the Wiring 
groove in the second ?lm; and a step of forming the ?rst 
mask by forming a pattern for forming the via hole in the 
?rst ?lm is such a manner that the pattern for forming the via 
hole at least overlaps the pattern for forming the Wiring 
groove. 

In this embodiment of the production process, the resist 
process used for forming the ?rst and second masks can be 
conducted under the condition in that the inter level dielec 
tric is not exposed. That is, in the resist process for forming 
the second mask, the ?rst ?lm is formed as an underlayer, 
and in the resist process for forming the ?rst mask, the ?rst 
?lm itself covers the inter level dielectric. Thus, the restora 
tion treatment of the resist process can be conducted. 

Even When misalignment occurs on forming the pattern of 
the ?rst mask for forming the via hole, the pattern for form 
ing the via hole can also be formed in the second mask, and 
there is no possibility that the opening area of the via hole is 
reduced as described With reference to FIGS. 2A to 2F. 

Furthermore, because the ?rst mask and the second mask 
are formed With a material having light transmissibility, the 
so-called mask alignment, Where the position of the mask is 
aligned to the underlayer upon exposure, can be conducted 
by an alignment method using light or an alignment method 
using an image processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1F are cross sectional vieWs shoWing a pro 
cess diagram of a production process according to the con 
ventional technique. 

FIGS. 2A to 2F are cross sectional vieWs shoWing a pro 
cess diagram of a production process according to the con 
ventional technique Where misalignment occurs. 

FIGS. 3A to 3F, 4G and 4H are cross sectional vieWs 
shoWing a process diagram of a ?rst embodiment of the 
process for producing a semiconductor device according to 
the invention. 

FIGS. 5A to 5C are cross sectional vieWs shoWing a pro 
cess diagram of a second embodiment of the process for 
producing a semiconductor device according to the inven 
tion. 

FIGS. 6A to 6F are cross sectional vieWs shoWing a pro 
cess diagram of a third embodiment of the process for pro 
ducing a semiconductor device according to the invention. 

FIGS. 7A to 7I are cross sectional vieWs shoWing a pro 
cess diagram of a fourth embodiment of the process for pro 
ducing a semiconductor device according to the invention. 

FIGS. 8A to SF are cross sectional vieWs and plan vieWs 
shoWing a process diagram of a fourth embodiment of the 
process for producing a semiconductor device according to 
the invention Where misalignment occurs. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A ?rst embodiment of the process for producing a semi 
conductor device according to the invention Will be 
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6 
described beloW With reference to the process diagram 
shoWn in FIGS. 3A to 3F, 4G and 4H. 
As shoWn in FIG. 3A, an underlying substrate 11 

comprises, for example, a substrate 51 having thereon tran 
sistors (not shoWn in the ?gure), and an inter metal dielectric 
52 covering thereon, in Which Wiring 53 is formed. A ?rst 
?lm having a loW dielectric constant 13 to be a loWer layer of 
an inter level dielectric 12 is formed on the underlying sub 
strate 11 to a thickness of, for example, from 300 to 800 nm. 
The ?rst ?lm having a loW dielectric constant 13 becomes an 
inter level dielectric (ILD) betWeen Wiring layers, and can be 
formed With an organic ?lm having a speci?c inductive 
capacity of about 2.5. In this embodiment, an organic poly 
mer totally called as polyaryl ether is employed. Speci?c 
examples of the polyaryl ether include ?are (a tradename, 
produced by Aliedsignal Inc.), SILK (a trade name, pro 
duced by DoW Chemical Corp.) and VELOX (a trade name, 
produced by Schumacher Corp.). Alternatively, a BCB (bis 
benZocyclobutene) ?lm, a polyimide ?lm and an amorphous 
carbon ?lm may be used. 
The formation of the organic polymer can be conducted, 

for example, by a precursor is coated as a ?lm on the under 
lying substrate 11 by spin coating, and then cured at a tem 
perature of from 300 to 4500 C. In the case Where the surface 
of the underlying substrate 11 is hydrophobic, and the adhe 
sion to the organic ?lm is poor, or in the case Where diffusion 
of copper is prevented, While not shoWn in the ?gure, a sili 
con oxide ?lm, a silicon oxide nitride ?lm, a silicon carbide 
?lm or a titanium nitride silicate ?lm is formed. 

The silicon oxide ?lm can be formed, for example, by the 
folloWing manner. A commercially available SOG (spin on 
glass, for example, an SOG mainly comprising silanol, and 
an SOG mainly comprising a polymer containing silanol) is 
coated to a thickness of from 30 to 100 nm by a spin coating 
method. The coated ?lm is baked at a temperature of from 
150 to 200° C. for about 1 minute, and then cured at a tem 
perature of from 350 to 4500 C. for about from 30 to 60 
minutes. 
The silicon oxide ?lm may be formed by a plasma CVD 

(chemical vapor deposition) method using a commercially 
available plasma CVD apparatus. In the case Where the Wir 
ing 53 is copper Wiring, it is not preferred to form the silicon 
oxide ?lm by a normal plasma CVD method because the 
copper Wiring is oxidiZed. HoWever, the copper Wiring can 
be prevented from oxidation as possible by using dinitrogen 
monoxide (N 2O) gas as the oxidiZing agent, using a silane 
series gas (for example, monosilane (SiH4), disilane (Si2H6) 
or trisilane (Si3H8)) as the silicon source, setting the sub 
strate temperature to 300 to 4000 C., setting the plasma 
poWer to 350 W, and the pressure of the ?lm forming envi 
ronment to about 1 kPa. 

In the case of the silicon nitride oxide ?lm, a commer 
cially available inorganic SOG containing an amino group 
may be, for example, by formed into a ?lm by a spin coating 
method. It is preferred that the ?lm formation is conducted 
by the plasma CVD method. Examples of the gas used in the 
plasma CVD method include a silane series gas (monosilane 
(SiH4), disilane (Si2H6) or trisilane (Si3H8)) as the silicon 
source, ammonia and hydraZine as the nitriding agent, and 
dinitrogen monoxide (NZO) as the oxidiZing agent. As the 
carrier gas, an inert gas, such as nitrogen, helium and argon, 
is employed. The ?lm formation is conducted, for example, 
under such conditions that the substrate temperature is from 
300 to 4000 C., the plasma poWer is 350 W, and the pressure 
of the ?lm forming environment is about 1 kPa. 

In the case of the silicon nitride ?lm, it can be formed by 
spin coating of a commercially available inorganic SOG 
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containing an amino group as similar to the case of the sili 

con nitride oxide ?lm. It is preferred that the ?lm formation 
is conducted by the plasma CVD method. Examples of the 
gas used in the plasma CVD method include a silane series 

gas (monosilane (SiH4)), disilane (Si2H6) or trisilane 
(Si3H8)) as the silicon source, ammonia and hydrazine as the 
nitriding agent, and dinitrogen monoxide (N 20) as the oxi 
diZing agent. As the carrier gas, an inert gas, such as 
nitrogen, helium and argon, is employed. The ?lm formation 
is conducted, for example, under such conditions that the 
substrate temperature is from 300 to 4000 C., the plasma 
poWer is 350 W, and the pressure of the ?lm forming envi 
ronment is about 1 kPa. 

The silicon carbide ?lm can be formed, for example, by 
using a parallel ?at palate type plasma CVD apparatus. 
Examples of the gas used in the plasma CVD method 
include methyl silane as the silicon source. The ?lm forma 

tion is conducted, for example, under such conditions that 
the substrate temperature is from 300 to 4000 C., the plasma 
poWer is from 150 to 350 W, and the pressure of the ?lm 
forming environment is about from 100 Pa to l kPa. 

A second ?lm having a loW dielectric constant 14 to be an 
upper layer of the inter level dielectric 12 is formed to a 
thickness, for example, of 400 nm on the ?rst ?lm having a 
loW dielectric constant 13. The second ?lm having a loW 
dielectric constant 14 is formed With a ?uorine resin. 
Examples of the ?lm include a ?uorocarbon ?lm, such as a 

cyclic ?uorine resin, polytetra?uoroethylene (PTFE), amor 
phous PTFE (for example, Te?on AF, a trade name, pro 
duced by Du Pont Corp.), ?uorinated aryl ether and ?uori 
nated polyimide. Alternatively, a xerogel (for example, 
porous silica) may be employed. 

The ?lm of the ?uorine resin can be formed by the 
manner, in Which a precursor of the ?uorine resin is coated 
on the ?rst ?lm having a loW dielectric constant 13 by a spin 
coating apparatus, and then cured at a temperature of from 
300 to 4500 C. The materials, such as ?uorinated amorphous 
carbon, can be formed by a plasma CVD method using 
acetylene (C2H2) and a ?uorocarbon gas (for example, 
octa?uorobutane (C4F8)) as the process gas. In this case, the 
?lm thus formed is cured at a temperature of from 300 to 
4500 C. The amorphous PTFE is not limited to Te?on AF 
and may be any substance having the structure represented 
by the folloWing formula (1): 

Wherein m and n each represent a positive integer. 

(1) 

As the second ?lm having a loW dielectric constant 14, a 
cyclopolymeriZed ?uorinated polymer series resin (for 
example, Cytop, a trade name) may be used. The cyclopoly 
meriZed ?uorinated polymer series resin is not limited to 
Cytop and may be any substance having the structure repre 
sented by the folloWing formula (2): 
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Wherein x, y and Z each represent a positive integer. 
As the second ?lm having a loW dielectric constant 14, a 

?uorinated polyaryl ether series resin (for example, FLARE, 
a trade name) may be used. The ?uorinated polyaryl ether 
series resin is not limited to FLARE and may be any sub 
stance having the structure represented by the folloWing for 
mula (3); 

Wherein R represents an alkyl group. 
In the case Where a xerogel is used as the second ?lm 

having a loW dielectric constant 14, Nanoporous Silica 
developed by Nanoglass LLC is formed into a ?lm by using 
a spin coating apparatus developed by Nanoglass LLC. Nan 
oporous Silica is a kind of porous silica, and the xerogel that 
can be used in the invention is not limited to Nanoporous 
Silica. That is, any type of xerogels that can be formed by the 
folloWing method can be used. A silanol resin having an 
alkyl group having a relatively high molecular Weight, such 
as an aromatic group, is coated on a substrate and gelled, and 
the ?lm is then subjected to a hydrophobic treatment by 
using a silane coupling agent or a hydrogenating treatment. 

According to the manner described in the foregoing, the 
inter level dielectric 12 comprising the ?rst ?lm having a loW 
dielectric constant 13 and the second ?lm having a loW 
dielectric constant 14 is formed on the underlying substrate 
As shoWn in FIG. 3B, a ?rst ?lm 15 for forming a ?rst 

mask as an inorganic mask is formed With a silicon oxide 
?lm having a thickness of from 50 to 300 nm on the inter 
level dielectric 12, i.e., on the second ?lm having a loW 
dielectric constant 14. A second ?lm 16 for forming a second 
mask is formed With a silicon nitride ?lm having a thickness 
of from 50 to 150 nm. In the ?lm forming method of these 
?lms, an ordinary CVD apparatus is used under the same 
conditions as described in the foregoing. 

Before forming the silicon oxide ?lm, it is preferred that a 
?lm having a larger silicon content than the silicon nitride 
?lm, the amorphous silicon nitride ?lm, the silicon oxide 
?lm or the stoichiometric amount is formed, depending on 
necessity, particularly in the case Where the oxidation of the 
second ?lm having a loW dielectric constant 15 causes a 
problem. That is, a CVD ?lm is formed under a reductive 
atmosphere. The ?lm thickness is preferably as thin as 
possible, and is generally about 10 nm. As described herein, 
the ?rst ?lm 15 is formed With a silicon oxide ?lm that is 
excellent in light transmissibility in a Wavelength range (for 
example, from 200 to 1,000 nm) used for alignment, and the 
second ?lm 16 is also formed With a silicon nitride ?lm 
having light transmissibility in a Wavelength range (for 
example, from 200 to 1,000 nm) used for alignment. 
As the inorganic mask, a metallic ?lm or a metallic com 

pound ?lm, such as titanium, titanium nitride, tantalum and 
tantalum nitride, can be used, as Well as the silicon nitride 
?lm. The ?lm thickness thereof is preferably from 50 to 150 
nm. The ?lm formation thereof can be conducted by 
sputtering, Which is generally employed in ?lm formation of 
a metallic ?lm and a metallic compound ?lm. 

(3) 
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As shown in FIG. 3C, a resist ?lm 17 is formed on the 
second ?lm 16 by an ordinary resist coating technique (for 
example, a spin coating method). Thereafter, the resist ?lm 
17 is patterned by a lithography technique to form openings 
18 for forming Wiring grooves. 

Subsequently, only the second ?lm 16 is etched by using 
the resist ?lm 17 as an etching mask to form openings 19 for 
forming Wiring grooves, so as to form a second mask 21 to 
be an etching mask for forming Wiring grooves in the inter 
level dielectric 12. In this step, only the second ?lm 16 is 
selectively etched by using an ordinary magnetron type etch 
ing apparatus. As the etching conditions Where the second 
?lm 16 comprises a silicon nitride ?lm, for example, tri?uo 
romethane (CHF3) (5 cm3/min), oxygen (O2) (5 cm3/min) 
and argon (Ar) (20 cm3/min) are used as the etching gas, and 
an RF plasma is set at 600 W. In the case Where the second 
?lm 16 comprises a metallic compound ?lm, a chlorine 
series etching gas, such as boron chloride (BCl) and chlorine 
(C12), is used as the etching gas. Thereafter, the resist ?lm 17 
is removed by ashing. FIG. 3C shoWs the state before remov 
ing the resist ?lm 17. 
As shoWn in FIG. 3D, a resist ?lm 22 is formed on the 

second ?lm 16 and the ?rst ?lm 15 by an ordinary resist 
coating technique (for example, a spin coating method). 
Thereafter, the resist ?lm 22 is patterned by a lithography 
technique to form openings 23 for forming via holes at posi 
tions Within the openings 19 for forming the Wiring grooves 
from the plan vieW of the second ?lm 16. 

Subsequently, only the ?rst ?lm 15 is etched by using the 
resist ?lm 22 as an etching mask to form openings 24 for 
forming via holes in the inter level dielectric 12, so as to 
form a ?rst mask 25 to be a etching mask for forming the via 
holes in the inter level dielectric 12. 

The second ?lm having a loW dielectric constant 14 of the 
inter level dielectric 12 is etched by using an ordinary etch 
ing apparatus using the resist ?lm 22 as an etching mask. As 
the etching conditions, for example, hexa?uoroethane 
(C2136) (14 cm3/min), carbon monoxide (180 cm3/min) and 
argon (240 cm3/min) are used as an etching gas, and an RF 
plasma is set at 1.5 kW. Because the ?rst ?lm having a loW 
dielectric constant 13 comprising an organic ?lm is present 
as an underlayer of the second ?lm having a loW dielectric 
constant 14, the etching is stopped at the upper surface of the 
?rst ?lm having a loW dielectric constant 13. 
As shoWn in FIG. 3E, the ?rst ?lm having a loW dielectric 

constant 13 is etched by using an ordinary etching apparatus 
using the ?rst mask 25 as an etching mask, to form via holes 
26 in the inter level dielectric 12. As an etching gas in the 
etching, nitrogen is used, and ammonia and a hydrogen gas 
are also used depending on necessity. At the time Where the 
?rst ?lm having a loW dielectric constant 13 comprising an 
organic ?lm is etched, the resist ?lm 22 (see FIG. 3D) is also 
etched and completely removed. Therefore, there is no 
necessity to conduct resist ashing in this stage. 
As shoWn in FIG. 3F, by using the second mask 21 com 

prising a silicon nitride ?lm (or a metallic compound ?lm), 
the ?rst mask 25 is etched, and then the second ?lm having a 
loW dielectric constant 14 is etched, so as to form Wiring 
grooves 27 in the second ?lm having a loW dielectric con 
stant 14. The etching conditions of this step are the same as 
those for etching the second ?lm having a loW dielectric 
constant 14 described in the foregoing. 
As shoWn in FIG. 4G, Wiring is formed by a damascene 

method. A barrier metal layer 31 comprising tantalum 
nitride is formed on the inner Walls of the Wiring grooves 27 
and the via holes 26 by sputtering or by a CVD method. At 
this time, the barrier metal layer 31 is also formed on the 
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10 
second mask 21. A Wiring material (metal), such as copper, 
is accumulated by sputtering, a CVD method or an electro 
lytic plating method. In the case Where the metal 32 is accu 
mulated by an electrolytic plating method, a seed layer (not 
shoWn in the ?gure) comprising the same metal as the metal 
32 to be accumulated is formed in advance. 

Thereafter, an excess metal 32 and the barrier metal layer 
31 on the second mask 21 are removed by polishing using 
CMP, and, as shoWn in FIG. 4H, Wiring 33 comprising the 
metal 32 is formed on the Wiring grooves 27 via the barrier 
metal layer 31, so as to form plugs 34 comprising the metal 
32 in the via holes 26 via the barrier metal layer 31. In this 
step, the second mask 21 functions as a polishing stopper, 
but in some cases, the second mask 21 may be completely 
removed depending on the thickness of the second mask 21. 
In this CMP, for example, an alumina slurry is employed. 

While not shoWn in the ?gure, the process comprising 
from the step of forming the inter level dielectric 12 to the 
step of forming the Wiring 33 and the plugs 34 may be 
repeated to form a multi-layer Wiring. The inter metal dielec 
tric 52 among the Wiring 53 may be formed With a xerogel 
?lm or a ?uorine resin ?lm by the similar process as the 
foregoing. 

In the descriptions in the foregoing, While an example is 
described, in Which the inter level dielectric 12 is formed on 
the underlying substrate 11 having semiconductor elements 
formed therein, the production process can be applied to the 
case Where the inter level dielectric 12, the via holes 26, the 
Wiring grooves 27, the Wiring 33 and the plugs 34 having the 
constitution described above are formed on a substrate hav 
ing no semiconductor element. 
The process for producing a semiconductor device 

described in the foregoing comprises a step of forming, on 
the inter level dielectric 12, the ?rst mask 25 to be an etching 
mask for etching the inter level dielectric 12, and a step of 
forming, on the ?rst mask 25, the second mask 21 to bean 
etching mask for etching the inter level dielectric 12, the 
second mask 21 comprising a material different from the 
?rst mask 25. Therefore, the inter level dielectric 12 is 
etched by using the ?rst mask 25 as an etching mask to form 
the via holes 26, and then the upper layer of the inter level 
dielectric 12, i.e., the second ?lm having a loW dielectric 
constant 14, is etched by using the second mask 21 as an 
etching mask to a pattern for forming Wiring grooves differ 
ent from the ?rst mask 25, to form the Wiring grooves 27. 

Furthermore, because the upper layer of the inter metal 
dielectric betWeen the Wirings in the same Wiring layer, i.e., 
the second ?lm having a loW dielectric constant 14, is 
formed With a xerogel ?lm or a ?uorine resin ?lm, the 
dielectric constant betWeen the Wirings in the same Wiring 
layer Where the Wiring capacity becomes maximum is about 
from 1.8 to 2.4, and thus the Wiring capacitance is reduced. 
Speci?cally, in a semiconductor device having the minimum 
interval of Wiring, in particular, one of a design rule of 0.18 
pm or less, a xerogel ?lm or a ?uorine resin ?lm is applied to 
the part Where the Wiring interval is 0.3 pm or less. While the 
Wiring capacitance is generally remarkably increased at the 
part Where the Wiring interval is 0.3 pm or less, an effect of 
decreasing the Wiring capacitance can be obtained by using 
the xerogel ?lm or the ?uorine resin ?lm. 
On the other hand, there is no large in?uence relating to 

the increase in capacitance at the part Where the Wiring inter 
val is larger than 0.3 pm (for example, one betWeen the 
Wirings 53 and the Wiring 33) Therefore, it is suf?cient to use 
an organic ?lm having a speci?c inductive capacity of 3 or 
less at the part Where the Wiring interval excess 0.3 pm. As 
described in the foregoing, scale doWn of the Wiring interval 
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can be realized in the invention. Furthermore, by using a 
xerogel ?lm or a ?uorine resin ?lm only betWeen the 
Wirings, and by using an organic ?lm having a loW dielectric 
constant for the other parts, the remarkable deterioration of 
the mechanical strength of the Whole inter level dielectrics 
can be suppressed. 

Furthermore, the resist process (a step of patterning the 
resist ?lm) for forming the ?rst and second masks 25 and 21 
can be conducted under the condition Where the inter level 
dielectric 12 is not exposed. That is, in the resist process for 
forming the second mask 21, the ?rst ?lm 15 is formed as an 
underlayer, and in the resist process for forming the ?rst 
mask 25, the ?rst ?lm 15 itself covers the inter level dielec 
tric 12. Thus, Without exposing the inter level dielectric 12 
comprising an organic ?lm, the resist ?lms 17 and 22 formed 
by the resist process can be removed, and a restoration treat 
ment of the resist Where the resist ?lms 17 and 22 are again 
formed and patterned can be conducted. Furthermore, 
because the resist ?lm 22 to be an etching mask for forming 
the ?rst mask can be removed simultaneously to the etching 
of the ?rst ?lm having a loW dielectric constant 13, the 
operation of removing the resist ?lm 22 by ashing is not 
necessary. Therefore, the process can be simpli?ed. 

In the resist process Where the openings 24 to be a pattern 
for forming the via holes are formed in the ?rst mask 25, i.e., 
in the process for forming the openings 23 in the resist ?lm 
22, even When misalignment occurs to form the openings 23 
formed in the resist ?lm 22 deviating from the openings 19 
to be a pattern for forming the Wiring grooves, because open 
ings (not shoWn in the ?gure) to be a pattern for forming the 
via holes can be formed in the second mask 21, a via holes 
having a narrowed opening area is not formed as described 
With reference to FIGS. 2A to 2F. 

Furthermore, When the ?rst ?lm 15 to be the ?rst mask 25 
is formed With a material having light transmissibility, for 
example, a silicon oxide ?lm used herein, and the second 
?lm 16 to be the second mask is formed With a material 
having light transmissibility, for example, a silicon nitride 
?lm used herein, the mask alignment, Where the position of 
the mask is aligned to the underlayer in an exposure step, can 
be conducted by an ordinary alignment method using light 
or an alignment method using an image processing. It has 
been knoWn that a silicon oxide ?lm and a silicon nitride ?lm 
transmit light in the Wavelength region of from 200 to 1,000 
nm used for alignment. 

Moreover, an etching stopper layer having a high dielec 
tric constant (for example, a silicon nitride ?lm, a silicon 
oxide ?lm or a silicon oxide nitride ?lm), Which has been 
conveniently used, is not necessary by utiliZing the differ 
ence in characteristics of the materials. For example, When 
the conditions for etching the second ?lm having a loW 
dielectric constant 14 (a xerogel ?lm or a ?uorine resin ?lm) 
are selected in such a manner that the ?rst ?lm having a loW 
dielectric constant 13 (an organic ?lm) is not etched, the 
Wiring grooves 27 can be formed in the second ?lm having a 
loW dielectric constant 14 to be a Wiring layer With good 
controllability. When the etching for forming the via holes 
26 is conducted, the second ?lm having a loW dielectric 
constant 14 comprising a xerogel or a ?uorine resin is 
etched, and simultaneously the ?rst ?lm having a loW dielec 
tric constant 13 comprising an organic ?lm is etched. 
A second embodiment of the process for producing a 

semiconductor device according to the invention Will be 
described beloW With reference to the process diagram 
shoWn in FIGS. 5A to 5C. In FIGS. 5A to SC, the same 
symbols are attached to the same constitutional components 
as in FIGS. 3A to 3F, 4G and 4H. 
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12 
As shoWn in FIG. 5A, an underlying substrate 11 

comprises, for example, a substrate 51 having thereon tran 
sistors (not shoWn in the ?gure), and an inter metal dielectric 
52 covering thereon, in Which Wiring 53 is formed. A ?rst 
?lm having a loW dielectric constant 13 to be a loWer layer of 
an inter level dielectric 12 on the underlying substrate 11 is 
formed, for example, With an inorganic ?lm having a thick 
ness of from 300 to 800 nm. 
A second ?lm having a loW dielectric constant 14 to be an 

upper layer of the inter level dielectric 12 is formed to a 
thickness, for example, of 400 nm on the ?rst ?lm having a 
loW dielectric constant 13. The second ?lm having a loW 
dielectric constant 14 is formed With a ?uorine resin. As the 
?uorine resin, the materials described for the ?rst embodi 
ment can be employed. 
The inter level dielectric 12 comprising the ?rst ?lm hav 

ing a loW dielectric constant 13 and the second ?lm having a 
loW dielectric constant 14 is thus formed on the underlying 
substrate 11. 
A ?rst ?lm 15 for forming a ?rst mask as an inorganic 

mask is formed With a silicon oxide ?lm having a thickness 
of from 50 to 300 nm on the inter level dielectric 12, i.e., on 
the second ?lm having a loW dielectric constant 14. A second 
?lm 16 for forming a second mask is formed With a silicon 
nitride ?lm having a thickness of from 50 to 150 nm. The 
?lm forming method of these ?lms is the same as those 
described for the ?rst embodiment. 

According to the same manner as described With refer 
ence to FIG. 3C, only the second ?lm 16 is etched to form 
openings 19 for forming Wiring grooves, so as to form a 
second mask 21 to be an etching mask for forming the Wir 
ing grooves in the inter level dielectric 12. 
A resist ?lm 22 is formed on the second ?lm 16 and the 

?rst ?lm 15 by an ordinary resist coating technique (for 
example, a spin coating method). Thereafter, the resist ?lm 
22 is patterned by a lithography technique to form openings 
23 for forming via holes at positions Within the openings 19 
for forming the Wiring grooves from the plan vieW of the 
second ?lm 16. 

Subsequently, only the ?rst ?lm 15 is etched by using the 
resist ?lm 22 as an etching mask to form openings 24 for 
forming via holes in the inter level dielectric 12, so as to 
form a ?rst mask 25 to be an etching mask for forming the 
via holes in the inter level dielectric 12. 
The second ?lm having a loW dielectric constant 14 of the 

inter level dielectric 12 is etched by using an ordinary etch 
ing apparatus using the ?rst mask 25 as an etching mask. As 
the etching conditions, for example, nitrogen (N 2) (48 cm3/ 
min) and helium (He) (200 cm3/min) are used as an etching 
gas, a microWave poWer is set at 1.35 kW (2.45 GHZ), an RF 
plasma is set at 150 W, and a substrate temperature is set at 
—500 C. Because the resist ?lm 22 is etched and completely 
removed in this etching step, removal of the resist is not 
necessarily conducted. Furthermore, because the ?rst ?lm 
having a loW dielectric constant 13 comprising an inorganic 
?lm is present as an underlayer of the second ?lm having a 
loW dielectric constant 14, the etching is stopped at the upper 
surface of the ?rst ?lm having a loW dielectric constant 13. 
As shoWn in FIG. 5B, the ?rst mask 25 is then etched by 

using the second mask 21 comprising a silicon nitride ?lm 
(or a metallic compound ?lm). In this step, because the sec 
ond ?lm having a loW dielectric constant 14 is formed With 
an organic ?lm, the ?rst ?lm having a loW dielectric constant 
13 comprising an inorganic ?lm is etched With the second 
?lm having a loW dielectric constant 14 as an etching mask, 
so as to form via holes 26. In this etching step, octa?uorobu 
tane (C4F8) and carbon monoxide (CO), for example, are 
used as an etching gas. 



US RE40,748 E 
13 

As shown in FIG. 5C, the second ?lm having a loW dielec 
tric constant 14 is etched by using the second mask 21 as an 
etching mask to form Wiring grooves 27. The etching condi 
tions in this step are the same as the conditions for etching 
the second ?lm having a loW dielectric constant 14. In this 
etching step, since the ?rst ?lm having a loW dielectric con 
stant 13 comprises an inorganic ?lm, the etching is stopped 
at the upper surface of the ?rst ?lm having a loW dielectric 
constant 13. 

While not shoWn in the ?gure, Wiring is formed in the 
Wiring grooves 27 via a barrier metal layer, and plugs are 
formed in the via holes 26 via the barrier metal layer, in the 
same manner as described With reference to FIGS. 4G and 
4H for the ?rst embodiment. 

In the second embodiment, as similar to the ?rst 
embodiment, the process comprising from the step of form 
ing the inter level dielectric 12 to the step of forming the 
Wiring and the plugs may be repeated to form a multi-layer 
Wiring. The inter metal dielectric 52 among the Wiring 53 
may be formed With an organic ?lm, such as a xerogel ?lm 
or a ?uorine resin ?lm, by the similar process as the forego 
ing. 

In the descriptions in the foregoing, While an example is 
described, in Which the inter level dielectric 12 is formed on 
the underlayer substrate 11 having semiconductor elements 
formed therein, the production process can be applied to the 
case Where the inter level dielectric 12, the via holes 26, the 
Wiring grooves 27, the Wiring 33 and the plugs 34 having the 
constitution described above are formed on a substrate hav 
ing no semiconductor element. 

According to the second embodiment of the process for 
producing a semiconductor device of the invention, the same 
function and effect as the ?rst embodiment of the process for 
producing a semiconductor device can be obtained. 
A third embodiment of the process for producing a semi 

conductor device according to the invention Will be 
described beloW With reference to the process diagram 
shoWn in FIGS. 6A to 6F. In FIGS. 6A to 6F, the same 
symbols are attached to the same constitutional components 
as in FIGS. 3A to 3F. 
As shoWn in FIG. 6A, an underlying substrater 11 

comprises, for example, a substrate 51 having thereon tran 
sistors (not shoWn in the ?gure), and an inter metal dielectric 
52 covering thereon, in Which Wiring 53 is formed. A ?rst 
?lm having a loW dielectric constant 13 to be a loWer layer of 
an inter level dielectric 12 is formed to a thickness of, for 
example, from 300 to 800 nm on the underlying substrate 11. 
The ?rst ?lm having a loW dielectric constant 13 becomes an 
inter level dielectric (ILD) betWeen Wiring layers, and can be 
formed With an organic ?lm having a speci?c inductive 
capacity of about 2.5. For example, it can be formed With the 
same material as described for the ?rst embodiment in the 
same ?lm forming method as described therefor. 
An intermediate ?lm 41 to be an etching mask is formed 

With, for example, a silicon oxide ?lm on the ?rst ?lm hav 
ing a loW dielectric constant 13. The method for forming the 
same may be the same forming method of the silicon oxide 
?lm as described for the ?rst embodiment. 
A second ?lm having a loW dielectric constant 14 to be an 

upper layer of the inter level dielectric 12 is formed to a 
thickness, for example of 400 nm on the intermediate ?lm 
41. The second ?lm having a loW dielectric constant 14 is 
formed With a ?uorine resin. Examples of the ?lm include a 
?uorocarbon ?lm, such as a cyclic ?uorine resin, polytet 
ra?uoroethylene (PTFE), amorphous PTFE (for example, 
Te?on AF, a trade name, produced by Du Pont Corp.), ?uori 
nated aryl ether and ?uorinated polyimide. Alternatively, a 
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14 
xerogel (for example, porous silica) may be employed. The 
method for forming the ?uorine resin ?lm may be the same 
forming method as described for the ?rst embodiment. 
Alternatively, the second ?lm having a loW dielectric con 
stant 14 is formed With a xerogel ?lm. The method for form 
ing the xerogel ?lm may be the same forming method as 
described for the ?rst embodiment. 

According to the manner described in the foregoing, the 
inter level dielectric 12 comprising the ?rst ?lm having a loW 
dielectric constant 13, the intermediate ?lm 41 and the sec 
ond ?lm having a loW dielectric constant 14 is formed on the 
underlying substrate 11. 
As shoWn in FIG. 6B, a ?rst ?lm 15 for forming a ?rst 

mask as an inorganic mask is formed With a silicon oxide 
?lm having a thickness of from 50 to 300 nm on the inter 
level dielectric 12, i.e., on the second ?lm having a loW 
dielectric constant 14. A second ?lm 16 for forming a second 
mask is formed With a silicon nitride ?lm having a thickness 
of from 50 to 150 nm. The ?lm forming method of these 
?lms may be the same forming method as described for the 
?rst embodiment. 

Before forming the silicon oxide ?lm, it is preferred that a 
?lm having a larger silicon content than the silicon nitride 
?lm, the amorphous silicon, the silicon nitride oxide ?lm or 
the stoichiometric amount is formed, depending on 
necessity, particularly in the case Where the oxidation of the 
second ?lm having a loW dielectric constant 15 causes a 
problem. That is, a CVD ?lm is formed under a reductive 
atmosphere. The ?lm thickness is preferably as thin as 
possible, and is generally about 10 nm. As described herein, 
the ?rst ?lm 15 is formed With a silicon oxide ?lm that is 
excellent in light transmissibility in a Wavelength range (for 
example, from 200 to 1,000 nm) used for alignment, and the 
second ?lm 16 is also formed With a silicon nitride ?lm 
having light transmissibility in a Wavelength range (for 
example, from 200 to 1,000 nm) used for alignment. 
As shoWn in FIG. 6C, a resist ?lm 17 is formed on the 

second ?lm 16 by an ordinary resist coating technique (for 
example, a spin coating method). Thereafter, the resist ?lm 
17 is patterned by a lithography technique to form openings 
18 for forming Wiring grooves. 

Subsequently, the second ?lm 16 is etched by using the 
resist ?lm 17 as an etching mask to form openings 19 for 
forming Wiring grooves, so as to form a second mask 21 to 
be an etching mask for forming Wiring grooves in the inter 
level dielectric 12. The etching step may be conducted in the 
same manner as for the ?rst embodiment. Thereafter, the 
resist ?lm 17 is removed by ashing. FIG. 6C shoWs the state 
before removing the resist ?lm 17. 
As shoWn in FIG. 6D, a resist ?lm 22 is formed on the 

second ?lm 16 and the ?rst ?lm 15 by an ordinary resist 
coating technique (for example, a spin coating method). 
Thereafter, the resist ?lm 22 is patterned by a lithography 
technique to form openings 23 for forming via holes at posi 
tions Within the openings 19 for forming the Wiring grooves 
from the plan vieW of the second ?lm 16. Even When devia 
tion occurs on aligning the masks, it is necessary that at least 
a part of the opening 23 overlaps the opening 19. 

Subsequently, only the ?rst ?lm 15 is etched by using the 
resist ?lm 22 as an etching mask to form openings 24 for 
forming via holes in the inter level dielectric 12, so as to 
form a ?rst mask 25 to be an etching mask for forming the 
via holes in the inter level dielectric 12. 
The second ?lm having a loW dielectric constant 14 of the 

inter level dielectric 12 is etched by using an ordinary etch 
ing apparatus using the ?rst mask 25 as an etching mask. As 
the etching conditions, for example, nitrogen is used as an 
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etching gas, and ammonia and a hydrogen gas may also be 
used depending on necessity. In this etching step, a ?uorine 
carbide series gas and carbon monoxide are not necessary. 
Because the intermediate ?lm 41 comprising a silicon oxide 
?lm is present as an underlayer of the second ?lm having a 
loW dielectric constant 14, the etching is stopped at the inter 
mediate ?lm 41. In the etching step, the resist ?lm 22 is 
etched and completely removed When the second ?lm hav 
ing a loW dielectric constant 14 comprising an organic ?lm is 
etched. Therefore, there is no necessity to conduct resist 
ashing in this stage. 
As shoWn in FIG. 6E, the ?rst mask 25 and the intermedi 

ate ?lm 41 are etched by using an ordinary etching apparatus 
using the second mask 21 and the second ?lm having a loW 
dielectric constant 14 as an etching mask. That is, the ?rst 
mask 25 is etched as transferring the openings 19 formed in 
the second mask 21 for forming the Wiring grooves, and 
openings 42 for forming via holes in the intermediate ?lm 41 
are formed by etching. As the etching conditions, for 
example, octa?uorobutane (C4138) (5 cm3/min), carbon mon 
oxide (5 cm3/min) and argon (20 cm3/min) are used as an 
etching gas, and an RF plasma is set at 600 W. 
As shoWn in FIG. 6F, by using the ?rst mask 25 (the 

second mask 21) and the intermediate ?lm 41 as an etching 
mask, the second ?lm having a loW dielectric constant 14 
and the ?rst ?lm having a loW dielectric constant 13 are 
etched, to form Wiring grooves 27 in the second ?lm having 
a loW dielectric constant 14, and simultaneously to form via 
holes 26 in the ?rst ?lm having a loW dielectric constant 13. 
As the etching gas in this etching step, nitrogen (N 2) is used, 
and ammonia and a hydrogen gas may also be used depend 
ing on necessity. 

While not shoWn in the ?gure, Wiring comprising metal is 
formed in the Wiring grooves 27 via a barrier signal metal 
layer, and plugs comprising metal are formed in the via holes 
26 via the barrier metal layer, in the same manner as 
described With reference to FIGS. 4G and 4H. 

According to the third embodiment described With refer 
ence to FIGS. 6A to 6F, the same function and effect as the 
?rst embodiment described With reference to FIGS. 3A to 3F 
can be obtained. 

The intermediate ?lm 41 may also be formed With a sili 
con nitride oxide ?lm or a silicon nitride ?lm. Alternatively, 
it may be formed With an organic ?lm that becomes an etch 
ing mask With respect to the ?rst ?lm having a loW dielectric 
constant 13 and becomes an etching stopper With respect to 
the second ?lm having a loW dielectric constant 14. 

The xerogel ?lm, the ?uorine resin ?lm and the other 
organic ?lms are being employed in the Wiring structure for 
the object of suppressing the Wiring capacitance increasing 
With the scale doWn. In this case, the organic ?lm may be 
employed as a material having a speci?c inductive capaci 
tance of 3 or less, the ?uorine resin may be employed as an 
organic ?lm material having a speci?c inductive capacitance 
of 2.5 or less, and the xerogel ?lm, Which is a gel having a 
netWork structure containing no Water, may be employed as 
a material having a speci?c inductive capacitance of 2.5 or 
less. 
Among the xerogels described in the foregoing, a ?lm that 

can be used in a semiconductor device includes a silica 
series gel. For example, Nanoporous Silica produced by 
Nanoglass LLC can be used. HoWever, the xerogel ?lm of 
this type is inferior in mechanical strength, heat 
conductivity, heat resistance, Water resistance and adhesive 
ness in comparison to the conventional inter level dielectric. 
In particular, the heat conductivity is remarkably poor as is 
from 1/10 to 1/100 of the organic ?lm. 
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On the other hand, as the ?uorine resin, commercial 

products, such as a ?lm formed by plasma CVD (reported by 
NEC Corp. in IEDM (International Electron Devices 
Meeting) on 1997), Te?on (produced by Du Pont Corp.) and 
?uorinated polyimide (produced by Du Pont Corp.) have 
been developed. As those under development, there are a 
vapor deposition ?lm of ?uorinated Parylene and a copoly 
mer of a ?uorine resin and silica. HoWever, these ?lms are 
inferior in mechanical strength, heat conductivity, heat resis 
tance and adhesiveness in comparison to the organic poly 
mer having a speci?c inductive capacity of 2.5 or more. 
Under the circumstances, the invention employs a combi 

nation of a xerogel ?lm and an organic ?lm having a better 
?lm property than the xerogel ?lm, or a combination of a 
?uorine resin ?lm and an organic ?lm having a better ?lm 
property than the ?uorine resin ?lm, as described in the 
embodiments above, so as to realiZe to form a highly reliable 
Wiring structure. 

That is, the xerogel ?lm or the ?uorine resin ?lm is used 
only in the part betWeen the Wirings, at Which the Wiring 
capacitance is increased by the scale doWn, and the other 
parts are formed With the organic ?lm or the inorganic ?lm 
having a loW dielectric constant. Speci?cally, in a semicon 
ductor device having the minimum interval of Wiring, in 
particular, one of a design rule of 0.18 pm or less, the xerogel 
?lm or the ?uorine resin ?lm is applied to the part Where the 
Wiring interval is 0.3 pm or less because the Wiring capacity 
is remarkably increased at the part Where the Wiring interval 
is 0.3 pm or less. According to this, an effect of decreasing 
the Wiring capacitance can be obtained. On the other hand, 
there is no large in?uence at the part Where the Wiring inter 
val is larger than 0.3 pm (for example, one between Wiring 
layers vertically stacked). Therefore, it is suf?cient to use an 
organic ?lm having a speci?c inductive capacity of 3 or less 
at the part Where the Wiring interval exceeds 0.3 pm. 
A fourth embodiment of the process for producing a semi 

conductor device according to the invention Will be 
described beloW With reference to the process diagram 
shoWn in FIGS. 7A to 7I. 
As shoWn in FIG. 7A, a substrate 60 is constituted, for 

example, by forming a semiconductor element, such as a 
transistor, on a semiconductor substrate, and then forming 
Wiring and dielectrics. A passivation ?lm 61 is formed With a 
material, by Which the Wiring material is not diffused, such 
as a silicon nitride ?lm, having a thickness of about 50 nm 
on the uppermost layer of the substrate 60. 

Thereafter, a ?rst inter level dielectric 62, in Which a via 
hole is formed, is formed With a silicon oxide series material, 
such as a silicon oxide (SiO2) ?lm (an inorganic ?lm) having 
a thickness of 500 nm, and then a second inter level dielec 
tric 63, in Which Wiring is formed, is formed With an organic 
material, such as a polyaryl ether ?lm having a thickness of 
500 nm. Subsequently, a ?rst ?lm 64 for forming a ?rst mask 
is formed With a silicon oxide ?lm having a thickness of 100 
nm, and then a second ?lm 65 for forming a second mask is 
formed With a silicon nitride ?lm having a thickness of 100 
nm. 

As shoWn in FIG. 7B, a resist mask 81 for forming a 
Wiring groove is formed on the second ?lm 65 by conducting 
an ordinary resist coating process and an ordinary lithogra 
phy process. In the resist mask 81, an opening 82 for form 
ing the Wiring groove is formed. 

Subsequently, as shoWn in FIG. 7C, the ?rst ?lm 65 is 
etched by using the resist mask 81 (see FIG. 7B) to open a 
Wiring groove pattern 66 for forming the Wiring groove, so 
as to form a second mask 67. In this etching step, an ordinary 
parallel ?at palate type plasma etching apparatus is used, and 



US RE40,748 E 
17 

tri?uoromethane (CHF3), argon (Ar) and oxygen (O2) are 
used as an etching gas. The substrate temperature is 0° C. 
Thereafter, the resist mask 81 (see FIG. 7B) is removed. 
As shown in FIG. 7D, a resist mask 83 used for forming a 

via hole is formed on the second mask 67 and the Wiring 
groove pattern 66 by again conducting an ordinary resist 
coating process and an ordinary lithography process. In the 
resist mask 83, an opening 84 for forming the via hole is 
formed in such a manner that it at least overlaps the Wiring 
groove pattern 66. 
As shoWn in FIG. 7E, the ?rst ?lm 64 is etched by using 

the resist mask 83 as an etching mask to form a via hole 
pattern 68 for forming the via hole, so as to form a ?rst mask 
69. In etching of the ?rst ?lm 64, an ordinary parallel ?at 
palate type plasma etching apparatus is used, and octa?uo 
robutane (C4138), argon (Ar) and oxygen (O2) are used as an 
etching gas. The substrate temperature is 0° C. 
As shoWn in FIG. 7F, the second inter level dielectric 63 is 

etched by using the ?rst mask 69 as an etching mask to 
extend the via hole pattern 68. In this etching step, the resist 
mask 83 is simultaneously etched and removed. In the etch 
ing step of the second inter level dielectric 63, an ordinary 
high-density plasma etching apparatus, and ammonia (N H3) 
is used as an etching gas. The substrate temperature is —20° 
C. 

Subsequently, as shoWn in FIG. 7G, the Wiring groove 
pattern 66 is extended to the ?rst mask 69 by using the 
second mask 67 as an etching mask. At the same time, the 
?rst inter level dielectric 62 is etched by using the second 
inter level dielectric 63 as an etching mask to form a via hole 
70. In this etching step, an ordinary parallel ?at palate type 
plasma etching apparatus is used, and octa?uorobutane 
(C4138), argon (Ar) and oxygen (O2) are used as an etching 
gas. The substrate temperature is set at 0° C. 
As shoWn in FIG. 7H, the second inter level dielectric 63 

is etched by using the ?rst mask 69 as an etching mask to 
form a Wiring groove 71. In the etching step, an ordinary 
high-density plasma etching apparatus, and ammonia (N H3) 
is used as an etching gas. The substrate temperature is —l00° 
C. 

Thereafter, as shoWn in FIG. 7I, the passivation ?lm 61 
exposed at the bottom of the via hole 70 is etched. At this 
time, the second mask 67 (see FIG. 7H) comprising the same 
material as the passivation ?lm is also etched and removed. 
In this etching step, in order to selectively conduct anisotro 
pic etching of the silicon nitride ?lm, an ordinary high 
density plasma etching apparatus is used, and sulfur 
hexa?uoride (SP6) is used as an etching gas. The substrate 
temperature is 0° C. As a result, the Wiring groove 71 is 
formed in the second inter level dielectric 63, and the via 
hole 70 is formed in the ?rst inter level dielectric 62 and the 
passivation ?lm 61 as being connected to the bottom of the 
Wiring groove 71. 

While a silicon oxide (SiO2) ?lm is used as the ?rst inter 
level dielectric 62 in this embodiment, silicon oxide ?uoride 
(SiOF), for example, may also be used. 

While the second mask layer 65 is formed With a silicon 
nitride ?lm, it may be formed With a high melting point 
metal ?lm or a high melting point metal compound ?lm, 
such as a titanium nitride ?lm. That is, any material may be 
used as far as the material has etching selectivity to the sili 
con oxide series material. It is preferred to use a ?lm having 
light transmissibility, by Which optical alignment can be 
conducted. 

In the fourth embodiment described With reference to 
FIGS. 7A to 7I, While an example is described, in Which the 
?rst and second inter level dielectrics 62 and 63 are formed 
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on the substrate 60 having semiconductor elements formed 
therein, the production process described With reference to 
7A to 7I can be applied to the case Where the ?rst and second 
inter level dielectrics 62 and 63, the via hole 70 and the 
Wiring groove 71 are formed on a substrate having no semi 
conductor element. 
The fourth embodiment of the process for producing a 

semiconductor device comprises a step of forming, on the 
second inter level dielectric 63, the ?rst mask 69 to be an 
etching mask for etching the ?rst and second inter level 
dielectrics 62 and 63, and a step of forming, on the ?rst mask 
69, the second mask 67, Which comprises a material differ 
ent from the ?rst mask 69, to be an etching mask for etching 
the second inter level dielectric 63. Therefore, it is possible 
that the ?rst and second inter level dielectrics 62 and 63 are 
etched by using the ?rst mask 69 as an etching mask to form 
the via hole 70, and then the second inter level dielectric 63 
is etched by using the second mask 67 having the Wiring 
groove pattern 66, Which is different from the ?rst mask 69, 
as an etching mask to form the Wiring groove 71. 
Because the second inter level dielectric 63, Which 

becomes an inter level dielectric betWeen Wiring in the same 
Wiring layer, is formed With a polyaryl ether ?lm, Which is 
an organic polymer ?lm, the dielectric constant betWeen the 
Wirings is decreased in comparison to the case Where the 
second inter level dielectric 63 is formed With a silicon oxide 
series material, and thus the Wiring capacitance is also 
decreased in comparison to the case Where the second inter 
level dielectric 63 is formed With a silicon oxide series mate 
rial. 

Furthermore, the resist process (a step of patterning a 
resist ?lm) used for forming the ?rst and second masks 69 
and 67 can be conducted under the condition in that the 
second inter level dielectric 63 is not exposed. That is, the 
?rst ?lm 64 is formed as an underlayer layer in the resist 
process for forming the second mask 67, and the ?rst ?lm 64 
covers the second inter level dielectric 63 in the resist pro 
cess for forming the ?rst mask 69. Therefore, the restoration 
treatment of the resist can be conducted Without exposing 
the second inter level dielectric 63, i.e., an organic ?lm, in 
Which the resist ?lms 81 and 83 formed in the resist pro 
cesses can be removed, and the resist ?lms 81 and 83 are 
again formed and patterned. Furthermore, because the resist 
?lm 83 to be an etching mask for forming the ?rst mask 69 
can be removed simultaneously With the etching of the sec 
ond inter level dielectric 63, the operation of removing the 
resist ?lm 83 is not necessary. Therefore, the process can be 
simpli?ed. 

In the resist process for forming the via hole pattern 68 for 
forming the via hole 70 in the ?rst ?lm 64, i.e., in the step of 
forming the opening 84 in the resist ?lm 83, even When 
misalignment occurs to form the opening 84 in the resist ?lm 
83 deviating from the Wiring groove pattern 66 formed in 
second mask 67, a via hole pattern (not shoWn in the ?gure) 
to be a pattern for forming the via hole also in the second 
mask 67 can be formed. The detail of this process Will be 
described beloW With reference to FIGS. 8A to 8F. In each of 
FIGS. 8A to 8F, a plan vieW for the arrangement is shoWn in 
the upper part, and a cross sectional vieW is shoWn in the 
loWer part. 
As shoWn in FIG. 8A, an opening 84 formed in a resist 

?lm 83 for forming a via hole pattern is formed deviating 
from a Wiring groove pattern 66 formed in a second mask 67. 
Even in such a case, by using the resist ?lm 83 as an etching 
mask, the second mask 67 is etched, and further a ?rst ?lm 
64 is etched, to form a via hole pattern 68, so as to form a 
?rst mask 69, as shoWn in FIG. 8B. By this step, the Wiring 
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groove pattern 66 and the via hole pattern 68 are formed in 
the second mask 67. 
As shoWn in FIG. 8C, the second inter level dielectric 63 

is then etched by using the ?rst mask 69 as an etching mask 
to form the via hole pattern 68. Therefore, the via hole pat 
tern 68 having the opening area that conforms to its design 
can be formed. In this etching step, the resist mask 83 (see 
FIG. 8B) is simultaneously etched and removed. 

Subsequently, as shoWn in FIG. 8D, the Wiring groove 
pattern 66 is extended to the ?rst mask 69 by using the 
second mask 67 as an etching mask. At the same time, the 
?rst inter level dielectric 62 is etched by using the second 
inter level dielectric 63 as an etching mask to form a via hole 
70. As a result, because the via hole pattern 68 formed in the 
second inter level dielectric 63 is formed to have the opening 
area that conforms to its design, the via hole 70 is formed to 
have the opening area that conforms to its design. 
As shoWn in FIG. 8E, the second inter level dielectric 63 

is then etched by using the ?rst mask 69 as an etching mask 
to form a Wiring groove 71. Thereafter, as shoWn in FIG. 8F, 
the passivation ?lm 61 exposed at the bottom of the via hole 
70 is etched. At this time, the second mask 67 (see FIG. 8E) 
comprising the same material as the passivation ?lm is also 
etched and removed. As a result, the Wiring groove 71 is 
formed in the second inter level dielectric 63, and the via 
hole 70 is formed in the ?rst inter level dielectric 62 and the 
passivation ?lm 61 as being connected to the bottom of the 
Wiring groove 71. As described in the foregoing, the via hole 
pattern 68 having an opening area that conforms to its design 
is formed in the second inter level dielectric 63, and the via 
hole 70 is not ?lled With the inter level dielectric after form 
ing the via hole 70. Therefore, the via hole 70 having a 
narroWed opening area as in the case of FIGS. 2A to 2F is 
not formed. 

In the embodiment described herein, the opening area of 
the via hole can be ensured even When the via hole pattern 
deviates from the Wiring groove pattern due to misalignment 
occurring on forming the via hole pattern. HoWever, accord 
ing to the process for producing a semiconductor device of 
the invention, the effect of ensuring the opening area of the 
via hole can be obtained in any case Where the Wiring groove 
pattern and the via hole pattern relatively deviate from each 
other. 

Furthermore, the ?rst ?lm 65 to be the ?rst mask 69 is 
formed With a material having light transmissibility, such as 
a silicon oxide ?lm used herein, and the second ?lm 65 to be 
the second mask is formed With a material having light 
transmissibility, such as a silicon nitride ?lm used herein. 
Therefore, in the exposure step hereafter, the mask align 
ment to align the position of the mask to the underlayer can 
be conducted by alignment using light or alignment using an 
image processing. It has been knoWn that a silicon oxide ?lm 
and a silicon nitride ?lm transmit light in the Wavelength 
region of from 200 to 1,000 nm used for alignment. 

Moreover, an etching stopper layer having a high dielec 
tric constant (for example, a silicon nitride ?lm, a silicon 
oxide ?lm or a silicon oxide nitride ?lm), Which has been 
conventionally used, is not necessary by utiliZing the differ 
ence in characteristics of the materials betWeen the ?rst inter 
level dielectric 62 and the second inter level dielectric 63. 
For example, When the condition in that the second inter 
level dielectric 63 (an organic ?lm) is etched but the ?rst 
inter level dielectric 62 is not etched is selected, the Wiring 
grooves 71 can be formed in the second inter level dielectric 
63 to be a Wiring layer With good controllability. When the 
etching for forming the via holes 70 is conducted, the Wiring 
groove pattern 66 is extended to the ?rst mask 69 comprising 
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a silicon oxide ?lm, and at the same time, the ?rst inter level 
dielectric 62 comprising a silicon oxide ?lm is etched as 
described in the foregoing. 

According to the invention described in the foregoing, the 
process comprises the step of forming, on the inter level 
dielectric, the ?rst mask to be an etching mask for etching 
the inter level dielectric, and a step of forming, on the ?rst 
mask, the second mask to be an etching mask for etching the 
inter level dielectric, the second mask comprising a material 
different from the ?rst mask. Therefore, the inter level 
dielectric is etched by using the ?rst mask as an etching 
mask to form the via holes, and then the inter level dielectric 
is etched by using the second mask as an etching mask to a 
pattern different from the ?rst mask, to form the Wiring 
grooves. 

Furthermore, according to the production process, in 
Which the upper layer of the inter metal dielectric betWeen 
the Wirings in the same Wiring layer is formed With a xerogel 
?lm or a ?uorine resin ?lm, the Wiring capacitance can be 
reduced. When an organic ?lm or an inorganic ?lm is used 
only in the inter level dielectric betWeen the Wirings layer 
among the inter level dielectrics, deterioration of the 
mechanical strength of the Whole inter level dielectrics can 
be suppressed even When the inter level dielectric betWeen 
the Wirings is formed With a xerogel or a ?uorine resin. 
Therefore, a semiconductor device combining copper 
Wiring, a ?uorine resin and an organic ?lm, or a semiconduc 
tor device combining copper Wiring, a xerogel and an 
organic ?lm can be formed Without deterioration of the 
yield. 

In the resist process for forming the second mask, the ?rst 
?lm is formed on the underlayer, and in the resist process for 
forming the ?rst mask, the ?rst ?lm covers the inter level 
dielectric. Therefore, the resist processes for forming the 
?rst and second masks can be conducted under the condition 
in that the inter level dielectric is not exposed, and thus the 
restoration treatment of the resist ?lm can be conducted in 
the resist process. 
Even When misalignment occurs on forming the ?rst mask 

having a pattern for forming the via hole, the pattern for 
forming the via hole can also be formed in the second mask. 
Therefore, the narroWing of the opening area of the via hole 
described in FIGS. 2A to 2F does not occur. 
By forming the ?rst mask and the second mask With a 

material having light transmissibility, the mask alignment in 
the exposure step of the lithography process conducted after 
forming the ?lm for forming the ?rst mask and the ?lm for 
forming the second mask can be conducted in the same 
alignment method as the conventional process. 
What is claimed is: 
1. A process for producing a semiconductor device com 

prising an inter level dielectric comprising a xerogel ?lm or 
an organic ?lm, 

said process comprising 
a step of forming on said inter level dielectric, a ?rst 

light transmissible mask to be an etching mask for 
etching said inter level dielectric; 

a step of forming, on said ?rst mask, a second light 
transmissible mask comprising a different material 
from said ?rst mask to be an etching mask for etch 
ing said inter level dielectric, said second light trans 
missible mask beingformed with a silicon nitride; 

a step of forming, on said second light transmissible 
mask, a ?rst resist ?lm that is used as a mask for 
etching said second light transmissible ?lm; 

removing said ?rst resist ?lm; 
a step of forming, on said ?rst and second light trans 

missible masks, a second resist ?lm for etching said 
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?rst light transmissible mask, and ?rst and second 
levels of said inter level dielectric; and 

removing said second resist ?lm. 
2. A process for producing a semiconductor device as 

claimed in claim 1, Wherein 
a pattern for forming a Wiring groove is formed in said 

second mask, and 
a pattern for forming a via hole is formed in said ?rst mask 

in such a manner that said pattern for forming a via hole 
at least overlaps said pattern for forming a Wiring 
groove. 

3. A process for producing a semiconductor device as 
claimed in claim 2, Wherein a method for forming a pattern 
for forming a Wiring groove in said second mask, and form 
ing a pattern for forming a via hole in said ?rst mask in such 
a manner that said pattern for forming a via hole at least 
overlaps said pattern for forming a Wiring groove comprises 

a step of forming a ?rst ?lm for forming said ?rst mask on 
said inter level dielectric, and then forming a second 
?lm for forming said second mask on said ?rst ?lm; 

a step of forming said pattern for forming a Wiring groove 
in said second ?lm to form said second mask; and 

a step of forming said pattern for forming a via hole in 
said ?rst ?lm in such a manner that said pattern for 
forming a via hole at least overlaps said pattern for 
forming a Wiring groove, to form said ?rst mask. 

4. A process for producing a semiconductor device as 
claimed in claim 1, Wherein 

a loWer layer of said inter level dielectric betWeen Wiring 
layers is formed With an organic ?lm, and 

an upper layer of said inter level dielectric betWeen Wiring 
of the same Wiring layer is formed With a Xerogel ?lm 
or an organic ?lm. 

5. A process for producing a semiconductor device as 
claimed in claim 4, Wherein 

a pattern for forming a Wiring groove is formed in said 
second mask, and 

a pattern for forming a via hole is formed in said ?rst mask 
in such a manner that said pattern for forming a via hole 
at least overlaps said pattern for forming a Wiring 
groove. 

6. A process for producing a semiconductor device as 
claimed in claim 5, Wherein a method for forming a pattern 
for forming a Wiring groove in said second mask, and form 
ing a pattern for forming a via hole in said ?rst mask in such 
a manner that said pattern for forming a via hole at least 
overlaps said pattern for forming a Wiring groove comprises 

a step of forming a ?rst ?lm for forming said ?rst mask on 
said inter level dielectric, and then forming a second 
?lm for forming said second mask on said ?rst ?lm; 

a step of forming said pattern for forming a Wiring groove 
in said second ?lm to form said second mask; and 

a step of forming said pattern for forming a via hole in 
said ?rst ?lm in such a manner that said pattern for 
forming a via hole at least overlaps said pattern for 
forming a Wiring groove, to form said ?rst mask. 
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7. A process for producing a semiconductor device as 

claimed in claim 6, Wherein said process comprises 
after forming said ?rst mask, 

a step of continuously etching said inter level dielectric 
5 by using a resist ?lm used as an etching mask for 

forming said ?rst mask and said ?rst mask as an 
etching mask, to form a via hole; and 

a step of forming a Wiring groove in said ?rst mask and 
said upper layer of said inter level dielectric by etch 
ing using said second mask. 

8. A process for producing a semiconductor device as 
claimed in claim 1, Wherein 

a loWer layer of said inter level dielectric betWeen Wiring 
layers is formed With an inorganic ?lm, and 

an upper layer of said inter level dielectric betWeen Wiring 
of the same Wiring layer is formed With an organic ?lm. 

9. A process for producing a semiconductor device as 
claimed in claim 8, Wherein 

a pattern for forming a Wiring groove is formed in said 
second mask, and 
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a pattern for forming a via hole is formed in said ?rst mask 
in such a manner that said pattern for forming a via hole 
at least overlaps said pattern for forming a Wiring 
groove. 

10. A process for producing a semiconductor device as 
claimed in claim 9, Wherein a method for forming a pattern 
for forming a Wiring groove in said second mask, and form 
ing a pattern for forming a via hole in said ?rst mask in such 
a manner that said pattern for forming a via hole at least 
overlaps said pattern for forming a Wiring groove comprises 
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step of forming a ?rst ?lm for forming said ?rst mask on 
said inter level dielectric, and then forming a second 
?lm for forming said second mask on said ?rst ?lm; 

a step of forming said pattern for forming a Wiring groove 
in said second ?lm to form said second mask; and 

a step of forming said pattern for forming a via hole in 
said ?rst ?lm in such a manner that said pattern for 
forming a via hole at least overlaps said pattern for 
forming a Wiring groove, to form said ?rst mask. 

11. A process for producing a semiconductor device as 
claimed in claim 10, Wherein said process comprises 

after forming said ?rst mask, 
a step of forming an opening for forming a via hole in 

said upper layer of said inter level dielectric by using 
said ?rst mask as an etching mask; 

a step of forming an opening for forming a Wiring 
groove in said ?rst mask by etching using said sec 
ond mask, and forming said via hole in said loWer 
layer of said inter level dielectric by using said upper 
layer of said inter level dielectric as a mask; and 

a step of forming said Wiring groove in said upper layer 
of said inter level dielectric by using said second 
mask as an etching mask. 
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