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FEAéIBLE, GAS-DIELECTRIC INTERCONNECT PROCESS

4 .

Background of the Invention

}

The present invention relates to a semiconductor
device having a special interconnection insulating
structure and also to a method of manufacturing the
semiconductor device.

Imﬁrovement of an LSI (Large Scale Integrated
Circuit) essentially resides in an increase in the
density at which elements are packed in the LSI, namely
in a decrease in the size of the elements. If the
packing density of elements is increased, however, the
inter-wire capacitance will increase. The greater the

inter-wire capacitance, the more difficult it will be

' to enhance the performance of the LSI (e.g., the

operating speed).

To enhance the performance of an ultra-large scale
integrated circuit (ULSIC) such as a microprocessor,
it is absolutely necessary to reduce the parasitic
resistance and parasitic capacitance of the wires used
in the ULSIC. The parasitic resistance of the wires
can be decreased by using a low-resistivity material
for the wires. At present, it is proposed that the
wires be made of copper, instead of aluminum alloy.
This is because the resistivity of copper is 30% or
more lower than that of aluminum alloy.

The parasitic capacitance of the wires has two

components. The firstﬁqomponept is the capacitance
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among wires located at different levels. This
capacitance can be reduced by increasing the thickness
of the inter-layer insulating films used. The second
component is the capacitance among wires located at the
same level. This capacitance can be reduced by
increasing the space between the wires and by
decreasing the thickness of the wires.

To increase the space between the wires is to
lower the packing density of elements, and to decrease
the thickness of the wires is to increase the
resistance of the wires. Hence, if the wires are .
spaced farther.apart and made thicker, the performance
of the LSI can no longer be enhanced. 1In order to
reduce the parasitic capacitance among the wires, it is
proposed that the insulating layers interposed between
the wires be made of material having a small dielectric
constant e.

FIG. 233 shows a semiconductor device in which
insulating layers having a small dielectric constant
e are interposed between the wires. AS shown in
FIG. 233, an insulating layer 12 is provided on
a semiconductor substrate 11. Lines 13 are formed on
the insulating layer 12. Formed on the layer 12 and on
the wires 13 is a plasma TEOS layer 14 which contains
fluorine. The plasma TEOS layer 14 containing fluorine
has a dielectric constant ¢ of about 3.3, which is

about 15% less than the dielectric constant of plasma
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TEOS which does not contain fluorine.

As the packing density of elements has been
increasing steadily, the performance of LSIs cannot be
enhanced unless the inter-wire insulating layers have
a dielectric constant ¢ of less than 3.3. Thus, the
dielectric constant of inter-wire insulating layers
must be decreased by any means to improve the perform-
ance of LSIs. It is, however, extremely difficult to
reduce the constant to a value less than 3.3. The
inter-wire insulating layers used at present, which has
a dielectric constant of 3.3 or more, is a bar to the
improvement of LSIs in terms of their performance.

In recent years, an attempt has been made to void
the spaces between the wires arranged at the same level
so as to reduce the parasitic capacitance among these
wires. This technique is disclosed in, for example,
Jpn. Pat. Appln. KOKAI Publication 7-45701. More
specifically, water is filled in the inter-wire spaces,
cooled to solidify, turning into ice layers, and the
ice layers are evaporated, rendering the spaces void.

This technique is disadvantageous in three
respects because a change in phase of the material is
utilized. First, the water filled in the inter-wire
spaces adversely influences the wires as it solidifies
and expands. This holds true of any other material
that is disclosed in the above-identified publication

and that can be used in place of water. Second, the
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ice layers in the inter-wire spaces may melt away in
some cases, due to the heat generated as they are
polished by CMP (Chemical Mechanical Polishing).
Third, the wafer must be cooled to a low temperature
(below 0C when water is used) until the ice layers are
evaporated. This inevitably makes it difficult to
handle the semiconductor wafer.

Moreover, the water vapor which fills the inter-
wire spaces for some time after the ice layers have
been evaporated may cause short-circuiting of the wires
or corrosion of the wires, or both. The water vapor
may therefore impair the reliability of the wires.

Further, this technique cannot make void the
spaceé between wires which are arranged at different
levels. Therefore, it does not serve to reduce the
parasitic capacitance among all wires, including those
located at the same level, as much as is desired.

Summary of the Invention

The present invention has been made to solve the
problems described above. 1Its object is to provide
an LSI which has an increased packing density of
elements and an enhanced performance.

According to a first aspect of this invention
there is provided a semiconductor device which
comprises: a semiconductor substrate; a first
insulating layer provided on the semiconductor

substrate; wires of a first set provided on the first
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insulating layer; a second insulating layer having
via holes and formed on the wires of the first set,
providing complete cavities between the wires of the
first set; wires of a second set provided on the second
insulating layer; conductors of a first set filled in
the via holes of the second insulating layer and
connecting the wires of the first set to the wires of
the second set; and a third insulating layer provided
on the wires of the second set, providing complete
cavities among the wires of the second set.

The cavities provided among the wires of the first
set and the cavities provided among the wires of the
second set are filled with either air or a.mixture gas
consisting of at least oxygen and oxygen dioxide.

The first insulating layer has a flat surface.

According to a second aspect of the invention

there is provided a method of manufacturing

-a semiconductor device, which comprises the steps of:

forming a first insulating layer on a semiconductor
substrate; forming a solid layer on the first
insulating layer; forming slits in the solid laver;
forming conductors in the slits of the solid layer,
thereby forming wires; forming a second insulating
layer on the solid layer and the wires; and oxidizing
the solid layer, changing the same into gas layers.
The solid layer is a carbon layer. The carbon

layer is ashed, thereby providing complete cavities
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among the wires, which are filled with a mixture gas
consisting of at least oxygen and oxygen dioxide.

The solid layer is made of material which
remains solid at a temperature equal to or lower than
a temperature at which the conductors are formed, and
which can be processed to have slits, and which can
easily change into gas when oxidized.

The slits are formed by a series of steps of:
forming a mask layer on the solid layer; performing
photo engraving process on the mask layer; performing
anisotropic etching on the solid 1éyer, while using the
mask layer as a mask; and removing the mask layer.

The mask layer is formed by sputtering if it is
made of oxide.

The slits are formed by a series of steps of:
forming a resist on the solid layer, pattering the
resist, performing anisotropic etching on the solid
layer, while using the resist as a mask; and removing
the resist. The resist is removed by applying
a solution of H,S04 and H,0,.

The second insulating layer is formed by
sputtering if it is made of oxide.

The solid layer is oxidized by heat treatment in
an oxygen atmosphere or by treatment in Oj-plasma.

The gas layer can be layers of air.

According to a third embodiment of the present

invention, there is provided a semiconductor device
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which comprises: a semiconductor substrate having

a surface region; a semiconductor element provided

in the surface region of the semiconductor substrate;
a first insulating layer provided on the semiconductor
substrate, covering the semiconductor element and
having contact holes; wires of a first set provided on
the first insulating layer; conductors of.a first set
provided in the contact holes of the first insulating
layer and connecting the semiconductor element to the
wires of the first set; and a second insulating layer
having via holes and formed on the wires of the first
set, providing complete cavities among the wires of the
first set.

This semiconductor device further comprises: wires
of a second set provided on the second insulating
layer; conductors of a second set provided in via holes
of the second insulating layer and connecting the wires
of the first set to the wires of the second set; and
a third insulating layer provided on the second
insulating layer, providing complete cavities among
the wires of the second set.

The cavities provided among the wires of the first
set and the cavities provided among the wirés of the
second set are filled with air or a mixture gas
consisting of at least oxygen and oxygen dioxide.

The first and secona insulating layers have a flat

surface each.
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According to a fourth aspect of the invention
there is provided a method of manufacturing a semicon-
ductor device, which comprises the steps of: forming
a semiconductor element in a surface region of
a semiconductor substrate; forming a first insulating
layer on the semiconductor substrate, covering the
semiconductor element; forming contact holes in the
first insulating layer, said contact holes reaching the
semiconductor element; forming conductors of a first
type in the contact holes of the first insulating
layer; forming a first solid layer on the first
insulating layer and the conductors of the first set;
forming slits of a first set in the first solid layer;

forming conductors in the slits of the first set,

thereby forming wires of a first set; forming a second

insuléting layer on the first solid layer and the wires
of the first set; and oxidizing the first solid layer,
thereby changing the same into gas layers.

This method further comprises the steps of:
forming a third insulating layer on the second
insulating layer; forming via holes in the first and
second insulating layers, said via holes reaching the
wires of the first set; forming conductors of a second
set in the via holes of the second and third solid
layers on the third insulating layers; forming a second
solid layer on the third insulating layer and the

conductors of the second set; forming slits of a second



10

15

20

25

set in the second solid layer; forming conductors in
the slits of the second set, thereby forming wires of
a second set; forming a fourth insulating layer on the
second solid layer and an the wires of the second set;
and oxidizing the second solid layer, thereby changing
the same into gas layers.

The first and second solid layers are carbon
layers. The carbon layers are ashed, thereby providing
complete cavities among the wires of the first set
and cavities among the wires of the second set.

The cavities are filled with a mixture gas consisting
of at least oxygen and oxygen dioxide.

The first and second solid layers are made of
material which remain solid at a temperature equal to
or lower than a temperature at which the conductors are
formed in the slits of the first and second sets, and
which can be processed to have slits, and which can
easily change into gas when oxidized.

The slits of the first set are formed by forming
a mask layer on the first solid layer, subjecting the
mask layer to photo engraving process, and subjecting
the first solid layer to anisotropic etching, while
using the mask layer as a mask.

Alternatively, the slits of the first set are
formed by a method comprising the steps of: forming
a mask layer on the first solid layer; subjecting the

mask layer to photo engraving process; subjecting the
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first solid layer to anisotropic etching, while using
the mask layer as a mask; and removing the mask layer.

The slits of the second set are formed by forming
a mask layer on the second solid layer, subjecting the
mask layer to photo engraving process, and subjecting
the second solid layer to anisotropic etching, while
using the mask layer as a mask.

Alternatively, the slits of the second set are
formed by a method comprising the steps of: forming
a mask layer on the second solid layer; subjecting the
mask layer to photo engraving process; subjecting the
second solid layer to anisotropic etching, while using
the mask layer as a mask; and removing the mask layer.

The mask layer is formed by sputtering if it made
of oxide, and the second insulating layer is formed by
sputtering if it is made of oxide.

The fourth insulating layer is formed by
sputtering if it is made of oxide.

The first and second solid layers are oxidized by
heat treatment in an oxygen atmosphere or by treatment
in Oy-plasma.

The first and second gas layers can be layers of
air.

According to a fifth aspect of the invention there
is provided a semiconductor device which comprises:

a semiconductor substrate; a first insulating layer

provided on the semiconductor layer; wires of first
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set provided on the first insulating layer; a second
insulating layer having contact holes and provided on
the wires of the first set, providing complete cavities
among the wires of the first set; a plurality of
columnar conductors provided on the second insulating
layer and in the contact holes of the second insulating
layer and connected to the wires of the first set;

a third insulating layer having contact holes and
provided on the columnar conductors, providing complete
cavities among the columnar conductors; wires of

a second set provided on the third insulating layer,
extending through the contact holes of the third
insuléting layer and connected to the columnar
conductors; and a fourth insulating layer provided

on the wires of the second set, providing complete
cavities among the wires of the second set.

The cavities provided among the wires of the first
set, the cavities among the columnar conductors and the
cavities provided among the wires of the second set are
filled with air or a mixture gas consisting of at least
oxygen and oxygen dioxide.

The second, third and fourth insulating layers
have a flat surface each.

According to a sixth aspect of this invention,
there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:

forming a first insulating layer on a semiconductor
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substrate; forming a first solid layer on the first
insulating layer; forming slits of a first set in the
first solid layer; forming conductors of a first set

in the slits of the first set, thereby forming wires of
a first set; forming a second insulating layer on the
first solid layer and the wires of the first set;
oxidizing the first solid layer, changing the same into
gas layers of a first set; forming a second solid layer
on the second insulating layer; forming contact holes
of a first in the second solid layer and the second
insulating layer, said contact holes of the first set
reaching the wires of the first set; forming columnar
conductors in the contact holes of the first set;
forming a third insulating layer on the second solid
layer and the columnar conductors; forming a third
solid layer on the third insulating layer; forming
slits of a second set in the third insulating layer;
forming contact holes of a second set in the third
insulating layer, said contact holes of the second set
reaching the columnar conductors; forming conductors in
the slits of the second set, thereby forming wires of

a second set; forming a fourth insulating layer on the
third solid layer and the wires of the second set; and
oxidizing the second and third solid layers, changing
the same into gas layers of a second set and gas layers
of a third set.

The first, second and third solid layers are
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carbon layers. The carbon layers are ashed, thereby
providing complete cavities among the wires of the
first set, cavities among the wires of the second set
and cavities among the columnar conductors. All the
cavities are filled with a mixture gas consisting of
at least oxygen and oxygen dioxide.

The first, second and third solid layers are made
of material which remain solid at a temperature egual
to or lower than a temperature at which the conductors
are formed in the slits of the first and second sets
and in the contact holes of the first and second sets,
and which can be processed to have the slits of the
first set, the slits of the second_set or the contact
holes of the first set, and which can easily change
into gas when oxidized.

The slits of the first set are formed by forming
a mask layer on the first solid layer, subjecting the
mask layer to photo engraving process, and subjecting
the first solid layer to anisotropic etching, while
using the mask layer as a mask.

Alternatively, the slits of the first set are
formed in steps of: forming a mask layer on the first
solid layer; subjecting the mask layer to photo
engraving process; subjecting the first solid layer
to anisotropic etching, while using the mask layer as
a mask; and removing the mask layer.

The contact holes of the first set are formed
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by forming a mask layer on the second solid layer,
subjecting the mask layer to photo engraving process,
and sﬁbjecting the second solid layer to anisotropic
etching, while using the mask layer as a mask.
Alternatively, the contact holes of the first set
are formed by a method comprising the stéps of: forming
a mask layer on the second solid layer; subjecting the
mask layer to photo engraving process; subjecting the
second solid layer to anisotropic etching, while using
the mask layer as a mask; and removing the mask layer.
The slits of the second set are formed by a method
comprising the steps of: forming a mask layer on the
third solid layer; subjecting the mask layer to photo
engraving process; and subjecting the third solid layer
to anisotropic etching, while using the mask layer as
a mask.
Alternatively, the slits of the second set are
formed by a method comprising the steps of: forming
a mask layer on the third solid layer; subjecting the
mask layer to photo engraving process; subjecting the
third solid layer to anisotropic etching, while using
the mask layer as a mask; and removing the mask layer.
The mask layers is formed by sputtering if it is
made of oxide, and the second, third and fourth
insulating layers are formed by sputtering if they are
made of oxide.

The first, second and third solid layers are
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oxidized by heat treatment in an oxygen atmosphere or
by treatment in O,-plasma.

The first, second and third gas layers can be
layers of air.

According to a seventh aspect of the invention,
there is provide a semiconductor device comprising:
a semiconductor substrate; a first insulating layer
provided on the semiconductor layer; wires of a first
set provided on the first insulating layer; a second
insulating layer having contact holes and provided on
the wires of the first set, providing complete cavities

among the wires of the first set; wires of a second

- set connected to the wires of the first set, each

consisting of an upper part shaped like a strip and

a columnar lower part having a lower end formed in one
contact of the second insulating layer; a third
insulating layer provided at a junction between the
upper parts, on one hand, and lower parts, on the
other, of the wires of the second set, providing; and

a fourth insulating layer provided on the wires of the
second set, providing complete cavities among the upper
parts of the wires of the second set.

The cavities provided among the wires of the first
set, the cavities among the wires of the second set are
filled with air or a mixture gas consisting of at least
oxygen and oxygen dioxide.

The second, third and fourth insulating layers
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have a flat surface each.

According to an eighth aspect of the present
invention, there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a first solid layer on the first
insulating layer; forming slits of a first set in the
first insulating layer; forming conductors of a first
set in the slits of the first set, thereby forming
wires of a first set; forming a second insulating layer
on the first solid layer and the wires of the first
set; oxidizing the first layer, changing the same into
a first gas layer; forming a second solid layer on the
second insulating layer; forming a third insulating
layer on the second solid layer; forming a third solid
layer on the third insulating layer; forming slits of
a second set in the third solid layer; forming contact
holes in the third insulating layer, the second solid
layer and the second insulating layer, said contact
holes reaching the wires of the first set; forming
conductors of a second set in the slits of the second
set and the contact holes of the second set, thereby
forming wires of a second set; forming a fourth
insulating layer on the third solid layer and the wires
of the second set; oxidizing the second and third solid
layers, changing the same into a second gas layer and

a second gas layer.
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The first, second and third solid layers are
carbon layers. The carbon layers are ashed, thereby
providing complete cavities among the wires of the
first set, cavities among the wires of the second set
and cavities among the columnar conductors. All the

cavities are filled with a mixture gas consisting of

-at least oxygen and oxygen dioxide.

The first, second and third solid layers are made
of material which remain solid at a temperature equal
to or lower than a temperature at which the conductors
are formed in the slits of the first and second sets
and in the contact holes of the first and second sets,
and which can be processed to have slits and contact
holes, and which can easily change into gas when
oxidized.

The slits of the first set are formed by a method
comprising the éteps of: forming a mask layer on the
first solid layer; subjecting the mask layer to photo
engraving process; and subjecting the first solid layer
to anisotropic etching, while using the mask layer as
a mask.

Alternatively, the slits of the first set are
formed by a method comprising the steps of: forming
a mask layer on the first solid layer; subjecting the
mask layer to photo engraving process; subjecting the
first solid layer to anisotropic etching, while using

the mask layer as a mask; and removing the mask layer.
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The mask layer§ is formed by sputtering if it is
made of oxide.

The slits of the second set are formed by a method
comprising the steps of: forming a resist on the third
solid layer; patterning the resist; subjecting the
third solid layer to anisotropic etching, while using
the resist as a mask; and removing the resist.

The contact holes are formed by a method
comprising the steps of: forming a resist on the second
solid layer and the third insulating layer; pattering
the resist; subjecting the third insulating layer and
the second solid layer to anisotropic etching, while
using the resist as a mask; removing the resist layer;
and etching the second insulating layer.

The second, third and fourth insulating layers are
formed by sputtering if they are made of oxide.

The first, second and third solid layers are
oxidized by heat treatment in an oxygen atmosphere or
by treatment in O,-plasma.

The first, second and third gas layers may be
layers of air.

This semiconductor device further comprises
a guard ring provided on the first insulating layer,
being similar in struéture to the wires, and
surrounding the wires.

Alternatively, the device further comprise a guard

ring comprised of a first portion provided on the fist
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insulating layer, being similar in structure to the
wires of the first set and surrounding the wires of the
first set, and a second portion provided on the second
insulating layer, being similar in structure to the
wires of the second set and surrounding the wires of
the second set.

Still alternatively, the device further comprise
a guard ring comprising a first portioh provided on the
first insulating layer, being similar in structure to
the wires of the first set and surrounding the wires of
the first set, a second portion provided on the third
insulating layer, being similar in structure to the
wires of the second set and surrounding the wires of
the second set, and a third portion pro#ided between
the wires of the first set on the one hand and the
wires of the second set on the other hand, being
similar in structure to the conductors and surrounding
the conductors.

Alternatively, the device further comprise a guard
ring comprising a first portion provided on the fist
insulating layer, being similar in structure to the
wires of the first set and surrounding the wires of the
first set, and a second portion provided on the second
insulating layer, being similar in structure to the
wires of the second set and surrounding the wires of
the second set.

A semiconductor device according to the invention



10

15 .

20

25

is formed in a chip region of a wafer or in a chip cut
from a wafer, and has a guard ring which is provided in
the edges of the chip region or the chip.

In the semiconductor device according to the
invention, each of the wires described above has its
bottom and sides covered with wire-protecting layers
which are electrically conductive, which are resistant
to chemicals and which are hard to oxidize.

Each of the wires of the first and second sets
has its bottom and sides covered with wire-protecting
layers which are electrically conductive, which are
resistant to chemicals and which are hard to oxidize.

Alternatively, each of the wires of the first and
second sets has its sides covered with wire-protecting
layers which are electrically conductive, which are
resistant to chemicals and which are hard to oxidize.

The device according to this invention can further
comprise dummy wires being similar in structure to the
wires, provided among the wires and supporting the
second insulating layer.

Alternatively, the device according to the present
invention further comprises dummy wires of a first set
which are similar in structure to the wires of the
first set, which are provided among the wires of the
first set and which support the second insulating
layer, and dummy wires of a second set which are

similar in structure to the wires of the second set,
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which are provided among the wires of the second set
and which support the third insulating layer.

According to a ninth aspect of the invention,
there is provided a semiconductor device which
comprises: a semiconductor substrate; a first
insulating layer provided on the semiconductor
substrate; a plurality of wires provided on the first
insulating layer; a second insulating layer provided
above the wires, providing complete cavities among
the wires; and coupling layers each interposed between
one wire and the second insulating layer and firmly
coupling the wire with the second insulating layer.

The second insulating layer is made of silicon
oxide, and the coupling layer is made of material
obtained by reacting silicon with the material of the
wires;

Alternatively, the second insulating layer is
a metal oxide layer, and the coupling layers are made
of material obtained by reacting the metal of the metal
oxide layer with the material of the wires.

The cavities provided among the wires are filled
with air or a mixture gas consisting of at least oxygen
and oxygen dioxide.

The second insulating layer has a flat surface.

According to a tenth aspect of this invention,
there is provided a method of manufacturing

a semiconductor device, comprising the steps of:



10

15

20

25

forming an insulating layer on a semiconductor
substrate; forming a solid layer on the insulating
layer; forming a plurality of slits in the solid layer;
forming conductors in the slits, thereby forming

a plufality of wires; forming a silicon layer on the
solid layer and the wires; oxidizing the solid layer,
changing the same to gas layers, and the silicon layer
into a silicon oxide layer, thereby forming coupling
layers which firmly couple the wires with the silicon
layer.

According to an eleventh aspect of the present
invention, there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming an insulating layer on a semiconductor
subst;ate; forming a solid layer on the insulating
layer} forming a piurality of slits in the solid layer;
forming conductors in the slits, thereby forming
a plurality of wires; forming a metal layer on the
solid layer and the wires; oxidizing the solid layer,
changing the same to gas layers, and the metal layer to
a metal oxide layer, thereby forming coupling layers
which firmly couple the wires with the metal layer.

The solid layer is a carbon layer. The carbon
layer is ashed, thereby providing complete cavities
among the wires, which are filled with a mixture gas
consisting of at least oxygen and oxygen dioxide.

The solid layer is made of material which remain
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solid at a temperature equal to or lower than

a temperature at which the conductors are formed, and
which can be processed to have slits, and which can
easily change into gas when oxidized.

The slits are formed by a series of steps of:
forming a mask layer on the solid layer; performing
photo engraving process on the mask layer; performing
anisotropic etching on the solid layer, while using the
mask layer as a mask; and removing the mask layer.

The mask layer is formed by sputtering if it is
made of oxide.

The slits are formed by a series of steps of:
forming a resist on the solid layer, pattering the
resist, performing anisotropic etching on the solid
layer, while using the resist as a mask; and removing
the resist. The resist is removed by applying
a solution of H,S0, and Hy0,.

The solid layer is oxidized by heat treatment in
an oxygen atmosphere or by treatment in Op-plasma.

The gas layer can be layers of air.

According to a twelfth aspect of the present
invention, there is provided a semiconductor device
which comprises: a semiconductor substrate; a first
insulating layer provided on the semiconductor
substrate; a plurality of wires provided on the first
insulating layer; metal oxide layers provided the sides

of the wires and defining cavities among the wires;
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metal layers interposed between the first insulating
layer and the wires; and a second insulating layer
provided on the wires and the metal oxide layers.

The metal oxide layer is made of an oxide of
the metal layers. The metal layers are made of one
material selected from the group consisting of
zirconium, hafnium, beryllium, magnesium, scandium,
titanium, manganese, cobalt, nickel, yttrium, indium,
barium, lanthanum, cerium, ruthenium, lead, bismuth,
thorium and chromium.

The first insulating layer has contact holes,
which are filled with conductors. The conductors
contact the metal layers.

The cavities provided among the wires are filled
with air or a mixture gas consisting of at least oxygen
and oxygen dioxide.

The second insulating layer has a flat surface.

According to a thirteenth aspect of the present
invention, there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a solid layer on the first
insulating layer; forming a plurality of slits in the
solid layer; forming a metal layer on the solid layer
and the inner surfaces of the slits; forming conductors
in the slits, thereby forming a plurality of wires:

oxidizing or nitriding the solid layer, thereby
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changing the same into gas layers; oxidizing those
parts of the metal layer which are provided above the
cavities and sides of the wires, thereby forming second
insulating layers; and forming a third insulating layer
on the wires and the second insulating layers.

According to a fourteenth aspect of the present
invention, there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a solid layer on the first
insulating layer; forming a plurality of slits in the
solid layer; forming a metal layer on the solid layer
and the inner surfaces of the slits; forming conductors
in the Qlits, thereby forming a plurality of wires;
oxidizing the solid layer, thereby changing the same
into gas layers, and simultaneously oxidizing those
parts of the metal layer which are provided above the
cavities and sides of the wires, thereby forming metal
oxide layers; and forming a second insulating layer on
the wires and the metal oxide layers.

In the method, the solid layer is a carbon layer.
The carbon layer is ashed, thereby providing complete
cavities among the wires, which are filled with
a mixture gas consisting of at least oxygen and oxygen
dioxide.

Alternatively, the solid layer is made of material

which remain solid at a temperature equal to or lower
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than a temperature at which the conductors are formed,
and which can be processed to have slits, and which can
easily change into gas when oxidized.

The slits are formed by forming a mask layer on
the solid layer, performing photo engraving process on
the mask layer, performing anisotropic etching on the
solid layer, while using the mask layer as a mask, and
removing the mask layer.

The mask layer is formed by sputtering when it is
made of oxide.

The slits can be formed by forming a resist on
the solid layer, pattering the resist, performing
anisotropic etching on the solid layer, while using the
resist as a mask, and removing the resist. The resist
is removed by applying a solution of H,S04; and Hy0,y.

The solid layer is oxidized by heat treatment in
an oxygen atmosphere or by treatment in Oj-plasma.

The metal layer is oxidized or nitrided in an oxygen
atmosphere or nitrogen atmosphere.

The gas layer can be layers of air.

According to the fifteenth aspect of the present
invention, there is provided a semiconductor device
which comprises: a semiconductor substrate; a first
insulating layer provided on the semiconductor
substrate; a plurality of wires provided on the first
insulating layer; wire-protecting metal layers covering

sides and bottom of one wire and prohibiting passage
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of oxygen; wire-protecting layers of, each covering top
of one wire and prohibiting passage of oxygen; and

a second insulating layer provided on the wire-
protecting layers, defining complete cavities among the
wires.

The wire-protecting metal layers are two-layered
members comprised of a titanium layer and a titanium
nitride layer or titanium silicon nitride layers.

The wire-protecting layers are two-layered members
comprised of a titanium layer and a titanium nitride
layer, or titanium silicon nitride layers or
silicon nitride layers.

The first insulating layer has contact holes,
which are filled with conductors. The conductors
contact the metal layers.

The cavities provided among the wires are filled
with air or a mixture gas consisting of at least oxygen
and oxygen dioxide.

The second insulating layer has a flat surface.

According to a sixteenth aspect of the invention,
there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a solid layer on the first
insulating layer; forming a plurality of slits in the
solid layer; forming a first wire-protecting metal

layer on the inner surfaces of the slits and on the
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solid layer, the first wire-protecting metal layer
prohibiting passage of oxygen; forming conductors on
the wire-protecting metal layer; polishing or etching
the wire-protecting metal layer and the conductors,
leaving wire-protecting metal layers and conductors
in the slits, thereby forming wires; forming wire-
protecting layers on the wires, respectively, the
wire-protecting layers prohibiting passage of oxygen;
forming a second insulating layer on the solid layer
and the wire-protecting layers; and oxidizing the solid
layer, changing the same into gas layers.

The wire-protecting metal layer and the conductors
are polished or etched until the surfaces of the wire-
protecting metal layer and the conductors are located
lower than the surface of the solid layer.

The solid layer is a carbon layer. The carbon
layer.is ashed, thereby providing complete cavities
among the wires, which are filled with a mixture gas
consisting of at least oxygen and oxygen dioxide.

The solid layer is made of material which remain
solid at a temperature equal to or lower than
a temperature at which the conductors are formed, and
which can be processed to have slits, and which can
easily change into gas when oxidized.

The slits are formed by forming a mask layer on
the solid layer, performing photo engraving process on

the mask layer, performing anisotropic etching on the
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solid layer, while using the mask layer as a mask, and
removing the mask layer.

The mask layer is formed by sputtering when it is
made of oxide.

The slits can be formed by forming a resist on
the solid layer, pattering the resist, performing
anisotropic etching on the solid layer, while using the
resist as a mask, and removing the resist. The resist
is removed by applying a solution of HyS0, and H,0,.

The second insulating layer is formed by
sputtering when it is made of oxide.

The solid layer is oxidized by heat treatment in
an oxygen atmosphere or by treatment in O,-plasma.

The gas layer can be layers of air.

According to a seventeenth aspect of the present
invention, there is provided a semiconductor device
which comprises: a semiconductor substrate; a first
insulating layer provided on the semiconductor layer;
a plurality of wires provided on the first insulating
layer; a second insulating layer covering sides and top
of the wires and spaced apart from the wires, proving
cavities; and a third insulating layer provided on the

second insulating layer and having portions located

among the wires.

According to an eighteenth aspect of the present
invention, there is provided a semiconductor device

comprising: a semiconductor substrate; a first
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insulating layer provided on the semiconductor layer;
a plurality of wires provided on the first insulating
layer; a second insulating layer covering sides of

the wires and spaced apart from the wires, proving
cavities; and a third insulating layer provided on the
second insulating layer, having portions located among
the wires.

The cavities provided among the wires are filled
with air or a mixture gas consisting of at least oxygen
and oxygen dioxide.

The second insulating layer has a flat surface.

According to a nineteenth aspect of the
invention, there is provide a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a conductive layer on the first
insulating layer; forming a first solid layer on the
conductive layer; etching the first solid layer and the
conductive layer, thereby forming a plurality of wires;
forming second solid layers .on sides of the wires;
forming a second insulating layer on the first and
second solid layers; oxidizing the first and second
solid layers, changing the same into gas layers,
whereby the wires are placed in the gas layers.

The first and second solid layers are carbon
layers, the carbon layers are ashed, thereby providing

complete cavities among the wires of the first set and
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among the wires of the second set, which are filled
with a mixture gas consistiné of at least oxygen and
oxygen dioxide.

Alternatively, the first and second solid layers
are made of material which can be processed to have
slits -and which can easily change into gas when
oxidized.

The wires are formed by forming a mask layer on
the first solid layer, performing photo engraving
process on the mask layer, and performing anisotropic
etching on the first solid layer and the conductive
layer, while using the mask layer as a mask.

The mask layer is formed by sputtering when it is
made of oxide.

The mask layer is removed after the anisotropic
etching is performed on the first solid layer and the
conductive layer.

Alternatively, the wires are formed by forming
a resist on the solid layer, pattering the resist,
performing anisotropic etching on the solid layer,
while using the resist as a mask, and removing the
resist. The resist is removed by applying a solution
of Hy50,4 and H,0,.

The second insulating layer is formed by
sputtering when it is made of oxide.

The first and second solid layers are oxidized by

heat treatment in an oxygen atmosphere or by treatment
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in Oy-plasma.

The gas layer can be layers of air.

According to a twentieth aspect of this invention,
there is provided a method of manufacturing
a semiconductor device, which comprises the steps of:
forming a first insulating layer on a semiconductor
substrate; forming a conductive layer on the first
insulating layer; etching the conductive layer, thereby
forming a plurality of wires; forming solid layers on
sides of the wires; forming a second insulating layer
on the solid layers; and oxidizing the solid layers,
changing the same to gas layers, whereby the sides of
each wire are located in a gas layer.

The solid layers are carbon layers, and the carbon
layers are ashed, thereby providing complete cavities
among the wires, which are filled with a mixture gas
consisting of at least oxygen and oxygen dioxide.

The solid layers are oxidized by heat treatment in
the solid layers are made of material which can be
processed to have slits and which can easily change
into gas when oxidized.

The second insulating layer is formed by
sputtering in the case the second insulating layer is
made of oxide.

The solid layers are oxidized by heat treatment in
an oxygen atmosphere or by treatment in Op-plasma.

The gas layer are layers of air.
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According to a twenty-first aspect of the present
invention, there is provided a method of etching
a solid layer, which comprises the steps of: forming
a solid layer which is changed into a gas layer when
oxidized; forming a mask layer on the solid layer;
performing photo engraving process on the mask layer;
and performing anisotropic etching on the solid layer,
while using the mask layer as a mask.

The mask layer is formed by sputtering in the case
the mask layer is made of oxide.

According to a twenty-third aspect of the present
invention, there is provided a method of etching
a solid layer, comprising the steps of: forming a solid
layer which changes into a gas layer when oxidized;
forming a resist on the solid layer; patterning the
resist; performing anisotropic etching on the solid
layer, while using the resist as a mask; and removing
the resist by applying a solution of H,80, and H,0,.

According to a twenty-fourth aspect of the present
invenﬁion, there is provided a semiconductor device
comprising: a semiconductor substrate; a first
insulating layer provided on the semiconductor
substrate; a plurality of wires provided on the first
insulating layer; and a second insulating layer
provided on the wires, providing cavities among the
wires, which are filled with a mixture gas consisting

of at least oxygen and oxygen dioxide.
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The oxygen dioxide in the cavities has
a concentration higher than in the atmosphere.

Brief Description of the Drawings

FIG. 1 is a sectional view of a semiconductor
device according to a first embodiment of the present
invention;

FIGS. 2 to 6 are sectional views for explaining
a method of manufacturing the semiconductor device
shown in FIG. 1;

FIG. 7 is a perspective, sectional view of
a semiconductor device according to a second embodiment
of the invention;

FIGS. 8 to 22 are perspective, sectional views for
explaining a method of manufacturing the semiconductor
device shown in FIG. 7;

FIG. 23 is a perspective, sectional view of
a semiconductor device according to a third embodiment
of the present invention;

FIGS. 24 to 33 are perspective, sectional views
for explaining a method of manufacturing the
semiconductor device shown in FIG. 23;

FIG. 34 is a perspective, sectional view of
a semiconductor device according to a fourth embodiment
of the invention;

FIGS. 35 to 39 are perspective, sectional views
for explaining a method of manufacturing the

semiconductor device shown in FIG. 34;
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FIG. 40 is a perspective, sectional view of
a semiconductor device according to a fifth embodiment
of the invention:

FIGS. 41 to 45 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 40;

FIG. 46 is a perspective, sectional view of
a semiconductor device according to a sixth embodiment
of this invention;

FIGS. 47 to 52 are perspective, sectional views
for explaining a method of manufacturing the
semiconductor device shown in FIG. 46;

FIG. 53 is a perspective, sectional view of
a semiconductor device according to a seventh
embodiment of the invention;

FIGS. 54 to 59 , are perspective, sectional views
for explaining a method of manufacturing the
semiconductor device shown in FIG. 53;

FIG. 60 is a perspective, sectional view of
a semiconductor device according to an eighth
embodiment of the present invention;

FIGS. 61 to 66 are perspective, sectional views
for explaining a method of manufacturing the
semiconductor device shown in FIG. 60;

FIG. 67 is a perspective, sectional view of
a semiconductor device according to a ninth embodiment

of the invention;
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FIGS. 68 to 73 are perspective, sectional views
for explaining a method of manufacturing the
semiconductor device shown in FIG. 67;

FIG. 74 is a plan view of a wafer of the type used
to manufacture semiconductor devices which are tenth to
seventeenth embodiments of the invention;

FIG. 75 is an enlarged plan view showing a part of
the wafer illustrated in FIG. 74;

FIG. 76 is a perspective, sectional view of
a semiconductor device according to the tenth
embodiment of the invention;

FIG. 77 is another perspective, sectional view
of a semiconductor device according to the tenth
embodiment of the invention;

FIG. 78 is a perspective, sectional view of
a semiconductor device according to the eleventh
embodiment of the invention;

FIG. 79 is another perspective, sectional view of
a semiconductor device according to the eleventh
embodiment of the invention:

FIG. 80 is a perspective, sectional view of
a semiconductor device according to the twelfth
embodiment of the invention;

FIG. 81 is a perspective, sectional view of
a semiconductor device according to the thirteenth
embodiment of the invention;

FIG. 82 is another perspective, sectional view of
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a semiconductor device according to the fourteenth
embodiment of the invention;

FIG. 83 is a perspective, sectional view of
a semiconductor device according to the fifteenth
embodiment of the invention;

FIG. 84 is another perspective, sectional view
of a semiconductor device according to the sixteenth

embodiment of the present invention;

FIG. 85 is another perspective, sectional view of

a semiconductor device according to the seventeenth
embodiment of the invention:

FIG. 86 is a perspective, sectional view of
a semiconductor device according to an eighteenth
embodiment of the invéntion;

FIGS. 87 to 101 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 86;

FIG. 102 is a perspective, sectional view of
a semiconductor device according to a nineteenth
embodiment of the invention;

FIGS. 103 to 112 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 102;

FIG. 113 is a perspective, sectional view of
a semiconductor device according to a twentieth
embodiment of the present invention;

FIGS. 114 to 119 are perspective, sectional
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views for explaining a method of manufacturing the
semiconductor device shown in FIG. 113;

FIG. 120 is a perspective, sectional view of
a semiconductor device according to a twenty-first
embodiment of the invention;

FIGS. 121 to 126 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 120;

FIG. 127 is a perspective, sectional view of
a semiconductor device according to a twenty-second
embodiment of the invention;

FIGS.'128 to 142 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 127;

FIG. 143 is a perspective, sectional view of
a semiconductor device according to a twenty-third
embodiment of the invention;

FIGS. 144 to 153 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 143;

FIG. 154 is a perspective, sectional view of
a semiconductor device according to a twenty-fourth
embodiment of the present invention;

FIGS. 155 to 160 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 154;

FIG. 161 is a perspective, sectional view of
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a semiconductor device according to a twenty-fifth
embodiment of the present invention;

FIGS. 162 to 167 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 161;

FIG. 168 is a perspective, sectional view of-
a semiconductor device according to a twenty-sixth
embodiment of the present invention;

FIG. 169 is a perspective, sectional view of
a semiconductor device according to a twenty-seventh
embodiment of the invention;

FIG. 170 is a perspective, sectional view of
a semicénductor device according to a twenty-eighth
embodiment of the invention;

FIGS. 171 to 176 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 170;

FIG. 177 is a perspective, sectional view of
a semiconductor device according to a twenty-ninth
embodiment of the invention;

FIGS. 178 to 183 are perspective, sectional
views for explaining a method of manufacturing the
semicondﬁctor device shown in FIG. 177;

FIG. 184 is a perspective, sectional view of
a semiconductor device according to a thirtieth
embodiment of this invention;

FIGS. 1B5 to 196 are perspective, sectional
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views for explaining a method of manufacturing the
semiconductor device shown in FIG. 184;

FIG. 197 is a sectional view explaining a step of
ashing the carbon layer;

FIG. 198 is a sectional view explaining another
step of ashing the carbon layer;

FIG. 199 is a perspective, sectional view of
a semiconductor device according to a thirty-first
embodiment of the invention:

FIGS. 200 to 211 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 199;

FIG. 212 is a perspective, sectional view of
a semiconductor device according to a thirty-second
embodiment of this invention;

FIGS. 213 to 218 are perspective, sectional views
for explaining a method of manufacturing the
semiconductor deyice shown in FIG. 121;

FIG. 219 is a perspective, sectional view of
a semiconductor device according to a thirty-third
embodiment of the present invention;

FIGS. 220 to 225 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 219;

FIG. 226 is a perspective, sectional view of
a semiconductor device according to a thirty-fourth

embodiment of the invention;



10

15

20

25

FIGS. 227 to 232 are perspective, sectional
views for explaining a method of manufacturing the
semiconductor device shown in FIG. 219; and

FIG. 233 is a perspective, sectional view of
a conventional semiconductor device.

Detailed Description of the Preferred Embodiments

Various embodiment of the present invention
will be described in detail, with reference to the
accompanying drawings.

FIG. 1 shows a semiconductor device according
to the first embodiment of the invention.

As shown in FIG.1, the device comprises
a semiconductor substrate 11 (e.g., a silicon wafer),
an insulating layer 12 (e.g., a silicon oxide layer)
provided on the substrate 11, wires 13 provided on the
layer 12, and an insulating layer 14 (e.g., a silicon
oxide layer) mounted on the wires 13.

The wires 13 are made of metal such as copper or
aluminum alloy, semiconductor containing an impurity,
such as polysilicon, or high-melting metal such as
tungsten. The spaces among the wires 13 are not filled
with any part of the lower insulating layer 12 or an
upper insulating layer 14, thus defining cavities 15.
The cavities 15 are filled with gas having a dielectric
constant of about 1.0, comprising mainly a mixture gas
of oxygen (0,) and dioxide carbon (COy).

The dioxide carbon gas (COy) in the cavities 15
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has a concentration higher than at least the dioxide
carbon gas contained in air (the atmosphere).

The cavities 15 may be filled with air, not the mixture
gas. This can be achieved by opening the cavities 15
to the atmosphere or by supplying air into the cavities
through holes made in the device package.

As described above, the mixture gas or the air
filling the cavities 15, i.e., the spaces among the
wires 13, has a dielectric constant of about 0.1, which
is far less than that of silicon oxide or the like.
Hence, the semiconductor device can be an LSI which has
a higher packing density of.elements and a better
performance than in the case where the inter-wire
spaces (i.e., the spaces between wires located at the
same level and the spaces between wires located at
different levels) are filled with insulating layers
made of silicon oxide or the like.

It will be explained how the device shown in
FIG. 1 is manufactured, with reference to FIGS. 2 to 6.

First, the insulating layer 12 is formed on the
semiconductor substrate 11 as shown in FIG. 2.

A carbon layer 16 is formed on the insulating layer 12
by means of sputtering or the like. The carbon layer
16 is as thick as wires to be formed in an LSI, for
example about 0.2 to 0.7m.

Next, a mask layer 17 (e.g., a silicon oxide layer

or a silicon nitride layer) is formed on the carbon
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layer 16. If made of oxide, the mask layer 17 should
better be formed by means of sputtering. Were it
formed by CVD, the oxygen in the reaction gas used
might erode the carbon layer 16.

Then, a resist is coated on the mask layer 17 and
patterned by PEP (Photo Engraving Process). Using the
patterned resist as the mask, the mask layer 17 is
patterned. The resist is removed from the mask layer
17 patterned. The carbon layer 16 is subjected to
anisotropic etching, which is accomplished by using the
patterned layer 17 as the mask. Parts of the carbon
layer 16 are thereby etched away, whereby slits are
made in the carbon layer 16. The carbon layer 16 may
be etched by using the batterned resist, not the mask
layer 17. The resist is removed by applying a solution
of HyS04 and H,0, to it. It is not etched with oxygen
plasma, which would erode the carbon layer 16.

Thereafter, an electrically conductive layer,
e.g., a copper layer, is formed on the substrate 11 by
CVD or sputtering, filling the slits of the carbon
layer 16 and covering the mask layer 17. CMP (Chemical
Mechanical Polishing) is performed on the carbon on the
conductive layer until the mask layer 17 is exposed in
its entirety as shown in FIG. 3. Wires 13 are thereby
formed in the slits of the carbon layer 16. Either
anisotropic etching or isotropic etching may be carried

out, instead of CMP, to form the wires 13.



10

15

20

25

After the wires 13 are formed, the mask layer 17
is removed from the carbon layer 16. Then, as shown in
FIG. 4, an insulating layer 14 (e.g., a silicon oxide
layer) is formed on the wires 13 and the carbon layer
16 by means of sputtering. CVD should not be employed
if the layer 14 is made of oxide such as silicon oxide.
The carbon layer 16 would be eroded by the oxygen 0,
contained in the reaction gas applied in CVD to form
the insulating layer 14.

Next, as depicted in FIGS. 5 and 6, the carbon
layer 16 is ashed, forming cavities 15 which are filled
with a mixture gas of oxygen (0O,) and carbon dioxide
(CO5). The ashing of the layer 16 can be accomplished
by eiﬁher of two alternative methods.

The first method is to heat the carbon layer 16 in
an oxygen atmosphere (i.e., atmosphere containing
oxygen, such as the atmosphere) at 400 to 450°C for
about two hours. 1In the first method, the carbon layer
16 slowly chénges into carbon dioxide (CO,), not
expanding to break the inéulating layer 14. However,
it takes a long time to ashes the carbon layer 16.

The second method is oxygen-plasma process. In the
second method, the carbon layer 16 changes into carbon
dioxide (CO,) at high speed, but may expand,

possibly breaking the insulating layer 14.
Nonetheless, breakage of the layer 14 can be prevented

by modifying the insulating layer 14 or by decreasing
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the oxygen-plasma process temperature.

The cavities 15 may be filled with air. This
can be easily accomplished by opening the cavities 15
to the atmosphere or by making holes in the device
package.

As indicated above, the carbon layer 16 having
slits is ashed after the wires 13 have been formed the
slits, thereby forming cavities 15 among the wires 13
and filled with gas. Thus, the semiconductor device
shown in FIG. 1 can be easily manufactured.

FIG. 7 shows a semiconductor device according to
the second embodiment of the invention.

As seen from FIG. 7, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain

region 24b. The contact holes are filled with
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conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.
Each wire Wl is compoéed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier léyer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating
layer 29, on which an insulating layer 30 is provided.
Hence, the wires Wl support both insulating layers 29
and 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(O9) and carbon dioxide (COy). The insulating layer
29 determines the pattern of wires Wl; it is made
of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
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defining the cavities 32 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

On the insulating layer 30 an insulating layer 32
provided, which is made of, for example, silicon oxide.
The insulating layer 32 has contact holes which reach
the wires W1l. The contact holes are filled with
conductors 33a and 33b made of high-melting metal such
as tungsten. The conductors 33a and 33b can be made of
other electrically conductive material.

Wires W2 are arranged on the insulating layer 32
and connected to the conductors 33a and 33b. One wire
W2 is composed of a trough-shaped barrier layer 34a
and a conductor 35a fitted in the barrier layer 34a.
The other wire W2 is composed of a trough-shaped
barrier layer 34b and a conductor 35b fitted in the
barrier layer 34b. The barrier layers 34a and 34b are
two-layered members, each consisting of, for example,

a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of metal such as
copper or aluminum alloy. The conductors 35a and 35b
can be made of material other than copper and aluminum
alloy, for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

On the wires W2 there is mounted an insulating

layer 36, on which an insulating layer 37 is provided.
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Thus, the wires W2 support both insulating layers 36
and 37. Cavities 38 are provided among the wires W2.
They are filled with a mixture gas of mainly oxygen
(Op) and carbon dioxide (CO;). The insulating layer
36 determines the pattérn of wires W2; it is made

of silicon oxide, silicon nitride or the 1like.

The insulating layer 37 is an important component,
defining the cavities 38 and functioning as a base on
which some layers will be mounted. The layer 37 is
made of silicon oxide or the like.

The cavities 31 and 38 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31 and 38 to the atmosphere or by
supplying air into the cavities 31 and 38 through holes
made in the device package.

As shown in FIG. 7, the cavities 31 proﬁided among
the wires W1l and the cavities 38 provided among the
wires W2 are filled with the mixture gas of mainly
oxygen (0Op) and carbon dioxide (CO,). Alternatively,
the cavities 31 and 38 may bé filled with air.

The mixture gas and air have a dielectric constant of
about 1.0, which is far less than dielectric constant
of silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in
the case where the inter-wire spaces (i.e., the spaces

between wires located at the same level and the spaces
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between wires located at different levels) are filled
with insulating layers made of silicon oxide or the
like.

How the device shown in FIG. 7 is manufactured
will be explained, with reference to FIGS. 8 to 22.

At first, the field oxide layer 22 is formed on
the semiconductor substrate 21 by LOCOS method, as is
shown in FIG. 8. A MOS transistor having a gate
electrode 23, a source region 24a and a drain region
24b is formed in the element region of the substrate
21, which is surrounded by the field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer
25 contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Next, as shown in FIG. 9, a carbon layer 39 is
formed on the insulating layer 25. The carbon layer 39

is as thick as wires to be formed in an LSI, for
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example about 0.2 to 0.7um.

Then, as depicted in FIG. 10, a mask layer 29
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer 39. If made of
oxide, the mask layer 29 should better be formed by
means of sputtering, not by CVD, in order to prevent
erosion of the carbon layer 39.

As shown in FIG. 11, a resist is coated on the

mask layer 29 and patterned by PEP (Photo Engraving

.Process). Using the patterned resist as the mask, the

mask layer 29 is patterned. That.is, some strip-shaped
parts of it are removed, which define the same pattern
as wires to be formed later. The resist is removed
from the mask layer 29 patterned.

As shown in FIG. 12, the carbon layer 39 is
subjected to anisotropic etching, which is accomplished
by using the patterned layer 29 as the mask. Parts of
the carbon layer 39 are thereby etched away, whereby
slits are made in the carbon layer 39. It should be
noted that the carbon layer 39 is not etched by PEP,
but etched by using the PEP-patterned mask layer 29,
for the following reason.

The resist used in the PEP is removed by applying
oxygen plasma or a solution of H»504 and H,0, to it.
When the resist is removed by oxygen plasma process,
the carbon layer 39 patterned is simultaneously

removed. When the resist is removed by applying H,504



10

15

20

25

and H,0,, the conductors 26a and 26b are simultaneously.
removed if they are made of high-melting metal.

This is why the PEP-patterned mask layer 29 must be
used as the mask to etch the carbon layer 39.

Thereafter, as illustrated in FIG. 13, a barrier
layer 27 composed of, for example, a titanium layer and
a titanium nitride layer is formed on the exposed parts
of the insulating layer 25, on the inner surfaces of
the slits made in the carbon layer 39 and on the
pattern mask 29.

Next, as shown in FIG. 14, a metal layer 28 such
as a copper layer, an aluminum alloy layer like is
formed on the barrier layer 27 by means of sputtering
or CVD. The metal layer 28 may be replaced by, for
example, a semiconductor layer such as a polysilicon
layer or high-melting metal layer such as a tungsten
layer.

As shown in FIG. 15, those parts of the barrier
layer 27 and those parts of the metal layer 28, which
are deposited on the pattern mask 29, are removed
by means of chemical mechanical polishing (CMP) .

The parts of the barrier layer 27 and metal layer 28
may be removed by anisotropic etching or isotropic
etching. As a result, the trough-shaped barrier layers
27a and 27b are formed in the slits of the carbon layer
39, and the conductors 28a and 28b are formed in the

trough-shaped barrier layers 27a and 27b. The wires Wil
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are thereby formed.

As illustrated in FIG. 16, the insulating layer
30 (e.g., a silicon oxide layer) is formed on the mask
layer 29 and the wires W1 by means of sputtering.

If the insulating layer 30 is made of oxide, it should
better be formed by means of sputtering, not by CVD.
This is because the carbon layer 39 would be eroded by
the oxygen O, contained in the reaction gas applied in
CVD to form the insulating layer 30. It is desired
that the insulating layer 30 be 0.01 to 0.1lum thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 30 is not broken
when the carbon layer 39 is subjected to ashing.

The most preferable thickness for the insulating layer
30 depends on the material of the layer 30.

Then, as shown in FIGS. 17 and 18, the carbon
layer 39 is ashed, thereby forming cavities 31 which
are filled with a mixture gas of mainly oxygen (0y) and
carbon dioxide (CO,). The ashing of the layer 39 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 39
in an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 39 slowly
changes into carbon dioxide (COy), not expanding to
break the insulating layer 29 or 30. However, it takes
a long time to ashes the carbon layer 39. The second

method is oxygen-plasma process. In the second method,
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the carbon layer 39 changes into carbon dioxide (COy)
at high speed, but may expand, possibly breaking the
insulating layers 29 and 30. Nonetheless, breakage of
the layers 29 and 30 can be prevented by modifying the
layers 29 and 30 or by decreasing the oxygen-plasma
process temperature.

Next, an insulating layer 32 of made of, for
example TEOS containing fluorine is formed on the
insulating layer 30 as is illustrated in FIG. 19.
Further, as shown in FIG. 20, PEP (Photo Engraving
Process) or RIE (Reactive Ion Etching) is conducted on
the insulating layers 30 and 32, making via holes which
reach the wires Wl. Still further, conductors 33a and
33b made of high-melting metal such as tungsten are
formed in the via holes by selective growth, as shown
in FIG. 21. The conductors 33a and 33b can be made of
material other than high-melting metal.

Thereafter, wires W2 are formed as shown in
FIG. 22, in the same method as the wires Wl.

To be more precise, a carbon layer is formed on the
insulating layer 32 by sputtering. This carbon layer
is as thick as the wires W2 to be formed. Then, a mask
layer 36 (e.g., a silicon oxide layer, a silicon
nitride layer, or the like) is formed on the carbon
layer, also by means of sputtering, to a thickness of
about 0.05/m. This done, PEP (Photo Engraving Process)

and anisotropic etching are performed, patterning the



10

15

20

25

mask layer 36. Using the layer 36 thus patterned as
the mask, anisotropic etching is applied to the carbon

layer. Parts of the carbon layer are thereby etched

away, whereby slits are made in the carbon layer.

Either sputtering or CVD is carried out, thereby
forming trough-shaped barrier layers 34a and 34b each
consisting of a titanium layer and a titanium nitride
layer. The conductors 35a and 35b, made of copper,
aluminum alloy or the like, are formed in the
trough-shaped barrier layers 34a and 34b, by means of
sputtering or CVD. The conductors 35a and 35b are
subjected to chemical mechanical polishing (CMP),
whereby the barrier layers 34a and 34b and the
conductors 35a and 35b are formed exclusively in the
slits of the carbon layer. Thus, the wires W2 are
formed. The chemical mechanical polishing may be
replaced by anisotropic etching or isotropic etching.
An insulating layer 37 (e.g., a silicon oxide
layer) is formed on the mask layer 36 and the wires W2
by means of sputtering. The carbon layer is ashed,
forming cavities 38 which are filled with a mixture
gas of mainly oxygen (O,) and carbon dioxide (COy) .
The cavities 31 and 38 may be filled with air, not the
mixture gas. This can be achieved by opening the
cavities 31 and 38 to the atmosphere or by supplying
air into the cavities 31 and 38 thrbugh holes made in

the device package.
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In the method described above, two carbon layers
having slits are used to form wires Wl and W2 and are
ashed after the wires Wl and W2 are formed in the
slits, thereby forming cavities 31 and 38 filled with
gas. Thus, the semiconductor device shown in FIG. 7
can be easily manufactured.

FIG. 23 shows a semiconductor device according to
the third embodiment of the present invention.

As seen from FIG. 23, a field oxide layer 22
(e.q., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is

surrounded by the field oxide layer 22. Formed in

‘the element region is a MOS transistor which has

a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, fér example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.

Alternatively, they may be made of other material.
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Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

Each wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1l there is mounted an insulating
layer 30. Hence, the wires W1 support the insulating
layer 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(O2) and carbon dioxide (CO,). The insulating layer 30
is an important component, defining the cavities 32 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

On the insulating layer 30 an insulating layer 32
is provided, which is made of, for example, silicon
oxide. The insulating layer 32 has contact holes which

reach the wires W1l. The contact holes are filled with
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conductors 33a and 33b made of high-melting metal such
as tungsten. The conductors 33a and 33b can be made of
other electrically conductive material.

Wires W2 are arranged on the insulating layer 32
and connected to the conductors 33a and 33b. One wire
W2 is composed of a trough-shaped barrier layer 34a
and a conductor 35a fitted in the barrier layer 34a.
The other wire W2 is composed of a trough-shaped
barrier layer 34b and a conductor 35b fitted in the
barrier layer 34b. The barrier layers 34a and 34b are
two-layered members, each consisting of, for example,
a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of metal such as
copper or aluminum alloy. The conductors 35a and 35b
can be made of material other than copper and aluminum
alloy, for examﬁie, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

On the wires W2 there is mounted an insulating
layer 37 is provided. Thus, the wires W2 support the
insulating layer 37. Cavities 38 are provided among
the wires W2. They are filled with a mixture gas
of mainly oxygen (0O,) and carbon dioxide (COy) .

The insulating léyer 37 is an important component,
defining the cavities 38 and functioning as a base on
which some layeré will be mounted. The layer 37 is

made of silicon oxide or the like.
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The cavities 31 and 38 may be filled with air,
not the mixture gas. This can be accomplished'by
opening the cavities 31 and 38 to the atmosphere or by
supplying air into the cavities 31 and 38 through holes
made in the device package.

As FIG. 23 shows, the cavities 31 provided among
the wires W1 and the cavities 38 provided among the
wires W2 are filled with the mixture gas of oxygen (07)
and carbon dioxide (CO,). Alternatively, the cavities
31 and 38 may be filled with air. The mixture gas and
air have a dielectric constant of about 1.0, which is
far less than dielectric constant of silicon oxide or
the like. The semiconductor device can, therefore, be
an LSI which has a higher packing density of elements
and a better performance than in the case where the
inter-wire spaces (i.e., the spaces between wires
located at the same level and the spaces between wires
located at different levels) are filled with insulating
layers made of silicon oxide or the like.

It will be expléined how the device shown in
FIG. 23 is manufactured, with reference to FIGS. 24
to 33.

First, the structure shown in FIG. 23 is prepared
by performing the same steps as carried out until the
the carbon layer 39 is formed on the insulating layer
25 in the manufacture of the second embodiment.

More precisely, the field oxide layer 22 is formed
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on the semiconductor substrate 21 by LOCOS method, as
is illustrated in FIG. 24. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Phoﬁo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Next, a carbon layer 39 is formed on the
insulating layer 25 by sputtering. The carbon layer 39
is as thick as wires to be formed in an LSI, for
example about 0.2 to 0.7um. Further, a mask layer
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer 39 by sputtering
to a thickness of about 0.05um.

A resist is coated on the mask layer 29 and
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patterned by PEP (Photo Engraving Process). Using the
patterned resist as the mask, the mask layer 29 is
patterned. Then, the resist is removed, and the carbon
layer 39 is subjected to anisotropic etching, which is
accomplished by using the pattered mask layer as the
méék. Parts of the carbon layer 39 are thereby etched
away, whereby slits are made in the carbon layer 39.
It should be noted that the carbon layer 39 is not
etched by PEP, but etched by using the PEP-patterned
mask layer, for the same reason stated in the
explanation of the method of manufacturing the second
embodiment.

If the conductors 26a and 26b are made of high-
melting metal, it is desirable to use a mask polished
by PEP to etch the carbon layer 39. If the conductors
26a and 26b are made of material which is resistant to
H,S04 and Hy0,, it is advisable to use a resist as the
mask to etch the carbon layer 39.

Thereafter, the mask layer is removed, and
a barrier layer 27 is formed by sputtering or CVD on
the carbon layer 29 and on the bottom and inner
surfaces of each slit made in the carbon layer 29.

Next, as shown in FIG. 25, a metal layer 28 such
as a copper layer, an aluminum alloy layer like is
formed on the barrier layer 27 by means of sputtering
or CVD. The metal layer 28 may be replaced by, for

example, a semiconductor layer such as a polysilicon
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layer or high-melting metal layer such as a tungsten
layer.

As shown in FIG. 26, those parts of the barrier
layer 27 and those parts of the metal layer 28, which
are deposited on the pattern mask 29, are removed
by means of chemical mechanical polishing (CMP).

The parts of the barrier layer 27 and metal layer 28
may be removed by anisotropic etching or isotropic
etching. As a result, the trough-shaped barrier layers
27a and 27b are formed in the slits of the carbon layer
39, and the conductors 28a and 28b are formed in the
trough-shaped barrier layers 27a and 27b. The wires W1
are thereby formed.

As illustrated in FIG. 27, the insulating layer
30 (e.g., a silicon oxide layer) is formed on the mask
carbon layer 39 and the wires W1 by means of sputtering.
If the mask layer 30 is made of oxide, it should better
be formed by means of sputtering, not by CVD. This is
because the carbon layer 39 would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 30. It is desired that
the insulating layer 30 be 0.01 to 0.lum thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 30 is not broken
when the carbon layer 39 is subjected to ashing.

The optimal thickness for the insulating layer 30

depends upon the material of the layer 30.
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Then, as shown in FIGS. 28 and 29, the carbon
layer 39 is ashed, thereby forming cavities 31 which
are filled with a mixture gas of mainly oxygen (05) and
carbon dioxide (CO,). The ashing of the layer 39 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 39 in
an oxygen atmosphere at 400 to 450°C for about two
hours. 1In the first method, the carbon layer 39 slowly
changes into carbon dioxide (CO,), not expanding to
break the insulating layer 30. However, it takes
a long time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,
the carbon layer 39 changes into carbon dioxide (CO5)
at high speed, but may expand, possibly breaking the
insulating layer 30. Nonetheless, breakage of the
layer 30 can be prevented by modifying the layer 30 or
by decreasing the oxygen-plasma process temperature.

Next, an insulating layer 32 of made of, for
example TEOS containing fluorine is formed on the
insulating layer 30 as is illustrated in FIG. 30.
Further, as shown in FIG. 31, PEP (Photo Engraving
Process) or RIE (Reactive Ion Etching) is conducted on
the insulating layers 30 and 32, making via holes which
reach the wires Wl. Still further, conductors 33a and
33b made of high-melting metal such as tungsten are
formed in the via holes by selective growth, as shown

in FIG. 32. The conductors 33a and 33b can be made of
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material other than high-melting metal.

Thereafter, wires W2 are formed as shown in
FIG. 33, in the same method as the wires Wil.
More specifically, a carbon layer is formed on the
insulating layer 32 by sputtering. This carbon layer
is as thick as the wires W2 to be formed. Then, a mask
layer (e.g., a silicon oxide layer, a silicon nitride
layer, or the like) is formed on the carbon layer, also
by means of sputtering, to a thickness of about 0.05um.
This done, a resist is coated on the mask layer.
The resist is patterned by PEP (Photo Engraving
Process). Using the patterned resist, anisotropic
etching are performed, patterning the mask layer.
Using the layer thus patterned as the mask, anisotropic
etching is applied to the carbon layer. The resist is
removed,and either sputtering or CVD is carried out,
thereﬁy forming trough-shaped barrier layers 34a and
34b, each consisting of a titanium layer and a titanium
nitride layer. The conductors 35a and 35b, made of
copper, aluminum alloy or the like, are formed in the
trough-shaped barrier layers 34a and 34b, by means of
sputtering or CVD. The conductors 35a and 35b are
subjected to chemical mechanical polishing (CMP)y,
whereby the barrier layers 34a and 34b and the
conductors 35a and 35b are formed exclusively in the
slits of the carbon layer. Thus, the wires W2 are

formed. The chemical mechanical polishing may be
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replaced by anisotropic etching or isotropic etching.

An insulating layer 37 (e.g., a silicon oxide
layer) is formed on the mask layer 36 and the wires W2
by means of sputtering. The carbon layer is ashed,
forming cavities 38 which are filled with a mixture gas
of mainly oxygen (O,) and carbon dioxide (CO,).

The cavities 31 and 38 may be filled with air, not the
mixture gas. This can be achieved by opening the
cavities 31 and 38 to the atmosphere or by supplying
air into the cavities 31 and 38 through holes made in
the device package.

As explained above, two carbon layers having slits
are used to form wires W1l and W2 and are ashed after
the wires W1 and W2 are formed in the slits, thereby
forming cavities 31 and 38 filled with gas. Thus, thé
semiconductor device shown in FIG. 23 can be easily
manufactured.

Furthermore, each carbon layer can be ashed fast
and precisely since the mask layer is removed after the
carbon carbon layer is patterned and before the carbon
layer is ashed.

FIG. 34 shows a semiconductor device according to
the fourth embodiment of the invention.

As seen from FIG. 34, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on a
semiconductor substrate 21 (e.g., a silicon wafer).

The substrate 21 has an element region which is
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surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has

a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

Each wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fittedlin the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors

28a and 28b can be made of material other than copper
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and aluﬁinum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1l there is mounted an insulating
layer 29, on which an insulating layer 30 is provided.
Hence, the wires W1l support both insulating layers 29
and 30. Cavities 31 are provided among the wires W1.
They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (CO;). The insulating layer
29 determines the pattern of wires W1l; it is made
of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its
lower end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is mounted
an insulating layer 36, on which an insulating layer 37
is provided. Thus, the conductors 33a and 33b support
both insulating layers 36 and 37. Cavities 40 are

provided among the conductors 33a and 33b. They are
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filled with a mixture gas of mainly oxygen (Oy) and
carbon dioxide (CO,). The insulating layer 36
determines the positions and cross-sectional areas

of the conductors 33a and 33b; it is made of silicon
oxide or silicon nitride. The insulating layer 37 is
an important component, defining the cavities 40 and
functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or
the like.

The cavities 31 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31 and 40 to the atmosphere or by
supplying air into the cavities 31 and 40 through holes
made in the device package.

As FIG. 34 shows, the cavities 31 provided among
the wires W1l and the cavities 40 provided among the
conductors 33a and 33b are filled with the mixture gas
of oxygen (0,) and carbon dioxide (COy).
Alternatively, the cavities 31 and 40 may be filled
with air. The mixture gas and air have a dielectric
constant ¢ of about 1.0, which is far less than
dielectric constant ¢ of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance than in the case where the inter-
wire spaces (i.e., the spaces between wires located at

the same level and the spaces between wires located at
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different levels) are filled with insulating layers
made of silicon oxide or the like.

It will be explained how the device shown in
FIG. 34 is manufactured, with reference to FIGS. 35
to 39.

At first, the structure shown in FIG. 35 is
prepared by performing the same steps as carried out
until the wires W1 are formed on the insulating layer
25 inlthe manufacture of the second embodiment.

More precisely, the field oxide layer 22 is formed
on the semiconductor substrate 21 by LOCOS method, as
is illustrated in FIG. 35. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is made flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of

the insulating layer 25. The contact holes may be
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filled with other electrically conductive material
other than high-melting metal.

Next, a carbon layer is formed on the insulating
layer 25.by sputtering. The carbon layer is as thick
as wires to be formed in an LSI, for example about 0.

2 to 0.7pm. Further, a mask layer 29 (e.g., a silicon
oxide layer or a silicon nitride layer) is formed on
the carbon layer by sputtering to a thickness of about
0.05m.

A resist is formed on the mask layer 29 and is
patterned by means of PEP (Photo Engraving Process).
Using the resist as the mask, the mask layer 29 is
patterned. After removing the resist, the carbon layer
is subjected to anisotropic etching by using the mask
layer 29 as the mask. It should be noted that the
carbon layer 29 is not etched by PEP, but etched by
using the PEP-patterned mask layer, for the same reason
stated in the explanation of the method of
manufacturing the second embodiment.

Hence, if the conductors 26a and 26b are made of
high-melting metal, it is desirable to use a mask
polished by PEP to etch the carbon layer. If the
conductors 26a and 26b are made of material which is
resistant to H,S04 and H,0,, it is advisable to use
a resist as the mask to etch the carbon layer.

Thereafter, the mask layer is removed, and barrier

layers 27 and 27b, each comprised of, for example,
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a titanium layer and a titanium nitride layer, are
formed by means of sputtering or CVD. Conductors 28a
and 28b made of copper or aluminum alloy are formed by
sputtering or CVD on the barrier layers 27a nd 27b.
The conductors 28a and 28b may be replaced by, for
example, those made of polysilicon or high-melting
metal such as tungsten.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 27a and 27b and the
conductors 28a and 28b in the slits made in the carbon
layer. As a result, the wires W1 are formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires Wil.

The insulating layer 30 (e.g., a silicon oxide
layer) is formed on the mask layer 29 and the wires W1
by means of sputtering. The insulating layer 30 should
better be formed by means of sputtering, not by CVD.
This is because the carbon layer would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 30. It is desired that
the insulating layer 30 be 0.01 to 0.lum thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 30 is not broken
when the carbon layer 39 is subjected to ashing.

The most preferable thickness for the insulating layer
30 depends on the material of the layer 30.

Then, the carbon layer is ashed, thereby forming
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cavities 31 which are filled with a mixture gas of
mainly oxygen (0,) and carbon dioxide (COj) .

A carbon layer 41 is formed on the insulating
layer 30 by sputtering. Further, a mask layer 36
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer 41 by sputtering
to a thickness of about 0.05um. A resist is coated on
the mask layer 36 and patterned by PEP (Photo Engraving
Process). Using the patterned resist as the mask, the
mask layer 36 is patterned. The resist is removed from
the mask layer 36 patterned. The carbon layer 41 and
the insulating layer 30 are subjected to anisotropic
etching, which is accomplished by using the pattered
mask layer as the mask. Via holes reaching the wires
W1l are thereby made in the carbon layer 41 and the
insulating layer 30.

As shown in FIG. 36, conductors 33a and 33b made
of high-melting metal such as tungsten are formed in
the via holes by selective growth. The conductors 33a
and 33b can be made of material other than high-melting
metal.

Next, as shown in FIG. 37, an insulating film 37
(e.g., a silicon oxide film) is formed by sputtering
on the mask layer 36 and the conductors 33a and 33b.
The insulating layer 37 should better be formed by
means of sputtering, not by CVD, in order to prevent

the carbon layer 41 from being eroded. It is desired
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that the insulating layer 37 be 0.01 to 0.1um thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 37 is not broken
when the carbon layer 41 is subjected to ashing.

The most suitable thickness for the insulating layer 37
depends on the material of the layer 37.

Then, as shown in FIGS. 38 and 39, the carbon
layer 41 is ashed, thereby forming cavities 40 which
are filled with a mixture gas of mainly oxygen (0O,) and
carboh dioxide (CO,). The ashing of the layer 41 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 41
in an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 41 slowly
changes into carbon dioxide (COj), not expanding to
break the insulating layers 36 and 37. However, it
takes a long time to ashes the carbon layer 41.

The second method is oxygen-plasma process. In the
second method, the carbon layer 41 changes into carbon
dioxide (CO,) at high speed, but may expand, possibly
breaking the insulating layers 36 and 37. Nonetheless,
breakage of the layers 36 and 37 can be prevented by
modifying the layers 36 and 37 or by decreasing the
oxygen-plasma process temperature.

The cavities 31 and 40 may be filled with air,
not the mixture gas. This can be accomplished by

opening the cavities 31 and 40 to the atmosphere or by
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supplying air into the cavities 31 and 40 through holes
made in the device package.

In the method explained above, a carbon layer
having slits is used to form wires W1, and this carbon
layer is ashed after the wires W1l are formed in the
slits, thereby forming cavities 31 and 40 filled with
gas. Further, a carbon layer having via holes is used
to form conductors 33a and 33b (i.e. contact plugs),
and this carbon layer is ashed after the conductors 33a
and 33b are formed in the via holes, thereby forming
cavities filled with gas. Hence, the spaces among the
wires located at a lower level are filled with air or
a mixture gas of oxygen (0Oj) and oxide dioxide (CO,),
and spaces among the wires located at different levels
are also filled with air or a mixture gas of oxygen
(O7) and oxide dioxide (COjp).

FIG. 40 illustrates a semiconductor device
according to the fifth embodiment of the invention.

As seen from FIG. 40, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
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layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
lafer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires Wi,
which are connected to the conductors 26a and 26b.
Each wire W1l is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire Wl is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, fdr example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating

layer 30. Hence, the wires W1 support the insulating
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layer 30. Cavities 31 are provided among the wires Wil.
They are filled with a mixture gas of mainly oxygen
(Oz) and carbon dioxide (CO,). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires W1l. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its
lower end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is mounted
an insulating layer 37. Thus, the conductors 33a nd
33b support the insulating layer 37. Cavities 40 are
provided among the conductors 33a and 33b. They are
filled with a mixture gas of mainly oxygen (0O5) and
carbon dioxide (COy). The insulating layer 37 is
an important component, defining the cavities 40 and
functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or the
like.

The cavities 31 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31 and 40 to the atmosphere or by

supplying air into the cavities 31 and 40 through holes
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made in the device package.

As FIG. 40 shows, the cavities 31 provided among
the wires W1 and the cavities 40 provided among the
conductors 33a and 33b are filled with the mixture gas
of oxygen (0,) and carbon dioxide (CO5) .
Alternatively, the cavities 31 and 40 may be filled
with air. The mixture gas and air have a dielectric
constant ¢ of about 1.0, which is far less thén
dielectric constant ¢ of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which.has a higher packing density of elements and
a better performance than in the case where the
inter-wire spaces (i.e., the spaces between wires
located at the same level and the spaces between wires
located at different levels) are filled with insulating
layers made of silicon oxide or the like.

How the device shown in FIG. 34 is manufactured
will be explained, with reference to FIGS. 41 to 45.

First, the structure shown in FIG. 41 is prepared
by performing the same steps as carried out until the
wires W1 are formed in the manufacture of the third
embodiment.

More precisely, the field oxide layer 22 is formed
on the semiconductor substrate 21 by LOCOS method, as
is illustrated. A MOS transistor having a gate
electrode 23, a source region 24a and a drain region

24b is formed in the element region of the substrate
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21, which is surrounded by the field oxide layer 22.

The insulatihg layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is made flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other électrically conductive material
other than high-melting metal.

Further, a carbon layer is formed on the
insulating layer 25 by sputtering. The carbon layer is
as thick as wires to be formed in an LSI, for example
about 0.2 to 0.7um. Further, a mask layer (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer by sputtering to a thickness
of about 0.05um. The mask layer is patterned by means
of PEP (Photo Engraving Process) and anisotropic
etching. Using the mask layer as the mask, the carbon
layer is subjected to anisotropic etching. It should
be noted that the carbon layer is not etched by PEP,
but etched by using the PEP-patterned mask layer, for

the same reason stated in the explanation of the method
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of manufacturing the second embodiment. Therefore, if
the conductors 26a and 26b are made of high-melting
metal, it is desirable to use a mask polished by PEP to
etch the carbon layer. If the conductors 26a and 26b
are made of material which is resistant to H,504 and
Hy0y, it is advisable to use a resist as the mask to
etch the carbon layer.

The mask layer is removed, and barrier layers 27
and 27b, each comprised of, for example, a titanium
layer and a titanium nitride layer, are formed by means
of sputtering or CVD. Conductors 28a and 28b made of
copper or aluminum alloy are formed by sputtering or
CVD on the barrier layers 27a nd 27b. The conductors
28a and 28b may be replaced by, for example, those made
of polysilicon layer or high-melting metal such as
tungsten. Chemical mechanical polishing (CMP) is
performed, leaving the barrier layers 27a and 27b and
the conductors 28a and 28b in the slits made in the
carbon layer. As a result, the wires W1l are formed.
The CMP may be replaced by anisotropic etching or
isotropic etching, to form the wires W1.

Next, the insulating layer 30 (e.g., a silicon
oxide layer) is formed on the carbon layer and the
wires W1 by means of sputtering. The mask layer 30
should better be formed by means of sputtering, not by
CVD. This is because the carbon layer would be eroded

by the oxygen O, contained in the reaction gas applied
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in CVD to form the insulating layer 30. It is desired
that the insulating layer 30 be 0.01 to 0.1um thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 30 is not broken
when the carbon layer is subjected to ashing. The most
preferable thickness for the insulating layer 30 does
depend on the material of the layer 30.

Thereafter, the carbon layer is ashed, thereby
forming cavities 31 which are filled with a mixture
gas of mainly oxygen (O,;) and carbon dioxide (COj;).
A carbon layer 41 is formed on the insulating layer
30 by sputtering. Further, a mask layer 36 (e.g.,
a silicon oxide layer or a silicon nitride layer)
is formed on the carbon layer 41 by sputtering to
a thickness of about 0.05um. A resist is coated on the
mask layer 36 and patterned by PEP (Photo Engraving
Process). Using the patterned resist as the mask, the
mask layer 36 is patterned. The resist is reﬁoved from
the mask layer 36 patterned. The carbon layer 41 and
the insulating layer 30 are subjected to anisotropic
etching, which is'accomplished by using the pattered
mask layer as the mask. Via holes reaching the wires
W1l are thereby made in the carbon layer 41 and the
insulating layer 30.

As shown in FIG. 42, conductors 33a and 33b made
of high-melting metal such as tungsten are formed in

the via holes by selective growth. The conductors 33a
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and 33b can be made of material other than high-melting
metal.

Next, as shown in FIG. 43, an insulating film 37
(e.g9., a silicon oxide film) is formed by sputtering
on the mask layer 36 and the conductors 33a and 33b.
The insulating layer 37 should better be formed by
means of sputtering, not by CVD, in order to prevent
the carbon layer 41 from being eroded. It is desired
that the insulating layer 37 be 0.01 to 0.1um thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 37 is not broken
when the carbon layer 41 is subjected to ashing.

The optimal thickness for the insulating layer 37
depends upon the material of fhe layer 37.

Then, as shown in FIGS. 44 and 45, the carbon
layer 41 is ashed, thereby forming cavities 40 which
are filled with a mixture gas of mainly oxygen (Og) and
carbon dioxide (CO,). The ashing of the layer 41 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 41 in
an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 41 slowly
changes into carbon dioxide (CO,), not expanding to
break the insulating layers 36 and 37. However, it
takes a long time to ashes the carbon layer 41.

The second method is oxygen-plasma process. In the

second method, the carbon layer 41 changes into carbon
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dioxide (CO,) at high speed, but may expand, possibly
breaking the insulating layers 36 and 37. Nonetheless,
breakage of the layers 36 and 37 can be prevented by
modifying the layers 36 and 37 or by decreasing the
oxygen-plasma process temperature.

The cavities 31 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31 and 40 to the atmosphere or by
supplying air into the cavities 31 and 40 through holes
made in the device package.

In the method described above, a carbon layer
having slits is used to form wires W1, and this carbon
layer is ashed after the wires Wl are formed in the
slits,'thereby forming cavities 31 and 40 filled with
gas. Further, a carbon layer having via holes is used
to form conductors 33a and 33b (i.e. contact plugs),
and this carbon layer is ashed after the conductors 33a
and 33b are formed in the via holes, thereby forming
cavities filled with gas. Hence, the spaces among the
wires located at the same level are filled with air or
a mixture gas of oxygen (O,) and oxide dioxide (COy) .,
and the spaces among the wires located at different
levels are also filled with air or a mixture gas of
oxygen (Oj) and oxide dioxide (CO5).

Moreover, each carbon layer can be ashed fast and
precisely since the mask layer is removed after the

carbon carbon layer is patterned and before the carbon
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layer is ashed.

FIG. 46 illustrates a semiconductor device
according to the sixth embodiment of the invention.

As seen from FIG. 46, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are éonnected to the conductors 26a and 26b.
Each wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier

layer 27a. Similarly, the other wire W1 is composed of
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a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1l there is mounted an insulating
layer 29, on which an insulating layer 30 is provided.
Hence, the wires W1l support both insulating layers 29
and 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(0,) and carbon dioxide (CO3). The insulating layer
29 determines the pattern of wires Wl; it is made of
silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mountéd. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires W1l. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its

lower end fitted in the contact holes of the insulating
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layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is mounted
an insulating layer 42, on which an insulating layer 43
is provided. Thus, the conductors 33a and 33b support
both insulating layers 42 and 43. Cavities 40 are
provided among the conductors 33a and 33b. They are
filled with a mixture gas of mainly oxygen (0O,) and
carbon dioxide (CO;). The insulating layer 42
determines the positions and cross-sectional areas
of the conductors 33a and 33b; it is made of silicon
oxide or silicon nitride. The insulating layer 43 is
an important component, defining the cavities 40 and
functioning as a base on which some layers will be
mounted. The layer 43 is made of silicon oxide or
the like.

Wires W2 are arranged on the insulating layer 43
and connected to the conductors 33a and 33b. One wire
W2 is composed of a trough-shaped barrier layer 34a
and a conductor 35a fitted in the barrier layer 34a.
The other wire W2 is composed of a trough-shaped
barrier layer 34b and a conductor 35b fitted in the
barrier layer 34b. The barrier layers 34a and 34b
are two-layered members, each consisting of, for
example, a titanium layer and a titanium nitride layer.
The conductors 35a and 35b are made of metal such as

copper or aluminum alloy. The conductors 35a and 35b
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can be made of material other than copper and aluminum
alloy, for example, semiconductor such as polysilicon

containing an impurity, or high-melting metal such as

tungsten.

On the wires W2 there is mounted an insulating
layer 36 is provided, on which an insulating layer 37
is mounted. Thus, the wires W2 support the insulating
layers 36 and 37. Cavities 38 are provided among the
wires W2. They are filled with a mixture gas of mainly
oxygen (O;) and carbon dioxide (CO,). The insulating
layer 36 defines the pattern of the wires W2; it is
made of, for example, silicon oxide or silicon nitride.
The insulating layer 37 is an important component,
defining the cavities 38 and functioning as a base on
which some layers will be mounted. The layer 37 is
made of silicon oxide or the like.

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

As seen from FIG. 46, the cavities 31 provided
among the wires W1, the cavities 38 provided among the
wires W2 are filled with the mixture gas of oxygen (07)
and carbon dioxide (CO,). Alternatively, the cavities
31 and 38 may be filled with air. In addition, the

cavities 40 filled with air or the mixture gas are
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provided among the conductors 33a and 33b, that is,
between the wires Wl on the one hand and the wire W2 on
the other. The mixture gas and air have a dielectric
constant of about 1.0, which is far less than
dielectric constant of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and

a better performance than in the case where the inter-
wire spaces (i.e., the spaces between wires located at
the same level and the spaces between wires located at
different levels) are filled with insulating layers
made of silicon oxide or the like.

How the device shown in FIG. 46 is manufactured
will be explained, with reference to FIGS. 47 to 52.

At first, the structure shown in FIG. 47 is
prepared by performing the same steps as carried out
until the wires W1 are formed in the manufacture of
the second embodiment.

To be more specific, the field oxide layer 22 is
formed on the semiconductor substrate 21 by LOCOS
methdd, as is illustrated in FIG. 47. A MOS transistor
having a gate electrode 23, a source region 24a and
a drain region 24b is formed in the element region of
the substrate 21, which is surrounded by the field
oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the

like is formed on the entire surface of the substrate
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21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing.(CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be

filled with other electrically conductive material

other than high-melting metal.

Next, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed in an LSI, for example about
0.2 to 0.7um. Further, a mask layer 29 (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer by sputtering to a thickness
of about 0.05/m.

A resist is formed on the mask layer 29 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 29 is patterned.
After removing the resist, the carbon layer is
subjected to aﬁisotropic etching, in which the mask
layer 29 is used as the mask. Slits are thereby made
in the carbon layer. It should be noted that the
carbon layer is not etched by PEP, but etched by using

the PEP-patterned mask layer, for the same reason
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stated in the explanation of the method of
manufacturing the second embodiment.

If the conductors 26a and 26b are made of high-
melting metal, it is desirable to use a mask polished
by PEP to etch the carbon layer 39. If the conductors
26a and 26b are made of material which is resistant to
H,S04 and H,0,, it is advisable to use a resist as the
mask to etch the carbon layer.

Thereafter, the mask layer is removed, and the
trough-shaped barrier layers 27a and 27b are formed by
sputtering or CVD on the carbon layer and on the bottom
and inner surfaces of each slit made in the carbon
layer. Each barrier layer is composed of a titanium
layer .and a titanium nitride layer provided on the
titanium layer. Further, conductors 28a and 28b made
of copper, aluminum alloy or the like are formed by
sputtering or CVD in the barrier layers 27a and 27b,
respectively. The conductors 28a and 28b may be
replaced by, for example, those made of semiconductor
such as polysilicon layer or high-melting metal such as
tungsten.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 27a and 27b and the
conductors 28a and 28b in the slits made in the carbon
layer. As a result, the wires Wl are formed. The CMP
may be replaced by anisotropic etching or isotropic

etching, to form the wires W1.
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The insulating layer 30 (e.g., a silicon oxide
layer) is then formed by sputtering on the mask layer
29 and the wires Wl. The insulating layer 30 should
better be formed by means of sputtering, not by CVD.
This is because the carbon layer would be be eroded by
the oxygen O, contained in the reaction gas applied in
CVD to form the insulating layer 30. It is desired
that the insulating layer 30 be 0.01 to 0.1um thick if
it is made of silicon oxide. So long as its thickness
remains within this range, the layer 30 is not broken
when the carbon layer is ashed. The most preferable
thickness for the insulating layer 30 depends on the
material of the layer 30.

Thereafter, the carbon layer is ashed, thereby
forming cavities 31 which are filled with a mixture gas
of mainly oxygen (0O,) and carbon dioxide (COy) .

A carbon layer 41 is formed on the insulating layer 30
by sputtering, after the wires W1 have been formed.
Further, a mask layer 42 (e.g., a silicon oxide layer
or a silicon nitride layer) is formed on the carbon
layer 41 by sputtering to a thickness of about 0.05m.
The mask layer 42 is patterned by PEP (Photo Engraving
Process) and anisotropic etching. The carbon layer

41 and the insulating layer 30 are subjected to
anisotropic etching, which is accomplished by using the
pattered mask layer 42 as the mask. Via holes reaching

the wires W1 are thereby made in the carbon layer 41
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and the insulating layer 30.

As shown in FIG. 48, conductors 33a and 33b made
of high-melting metal such as tungsten are formed in
the via holes by selective growth. The conductors 33a
and 33b can be made of material other than high-melting
metal.

Next, as shown in FIG. 49, an insulating film 43
(e.9., a silicon oxide film) is formed by sputtering
on the mask layer 42 and the conductors 33a and 33b.
The insulating layer 43 should better be formed by
means of sputtering, not by CVD, in order to prevent
the carbon layer 41 from being eroded by the oxygen
(03) contained in the reaction gas used to form the
insulating layer 43. It is desired that the insulating
layer 43 be 0.01 to 0.1um thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 43 is not broken when the carbon
layer 41 is subjected to ashing. The optimal thickness
for the insulating layer 43 depends on the material of
the layer 43.

Then, the wires W2 are formed in the same way as
the wires Wl are formed. To be more specific, as shown
in FIG. 50, a carbon layer 44 is formed by sputtering
on the insulating layer 43. The carbon layer 44 is as
thick as wires W2 to be formed. Further, a mask layer
36 (e.g., a silicon oxide layer or a silicon nitride

layet) is formed on the carbon layer 44 by sputtering
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to a thickness of about 0.05um.

A resist is coated on the mask layer 36 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 36 is patterned.
After removing the resist, the carbon layer 44 is
subjected to anisotropic etching, which is accomplished
by using the pattered mask layer 36 as the mask. Slits
are thereby made in the carbon layer 44.°

Thereafter, the trough-shaped barrier layers 34a
and 34b are formed by sputtering or CVD on the
insulating layer 36, on the insulating layer 43 and
on the inner surfaces of each slit made in the carbon
layer 44. Each barrier layer is composed of a titanium
layer and a titanium nitride layer provided on the
titanium layer. Further, conductors 35a and 35b made
of copper, aluminum alloy or the like are formed by
sputtering or CVD on the barrier layers 34a and 34b,
respectively. Chemical mechanical polishing (CMP) is
performed, leaving the barrier layers 34a and 34b and
the conductors 35a and 35b in the slits made in the
carbon layer 44. As a result, the wires W2 are formed.
An insulating layer 37 (e.g., a silicon oxide layer)
is formed by sputtering on the mask layer 36 and the
wires W2. It is desired that the insulating layer 37
be 0.01 to 0.1um thick if it is made of silicon oxide.
So long as its thickness remains within this range, the

layer 37 is not broken when the carbon layer 44 is
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subjected to ashing. The most preferable thickness for
the insulating layer 37 depends on the material of the
layer 73.

Then, as illustrated in FIGS. 51 and 52, the
carbon layers 41 and 44 are simultaneously ashed by
heat treatment in an oxygen atmosphere or by oxygen
plasma process. The carbon layer 41 is thereby changed
into cavities 40, and the carbon layer 44 changed into
cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (0O,) and carbon dioxide
(COq) .

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

In this method, carbon layers are used as
insulating layers having slits, for forming the wires
Wl and the wires W2. The carbon layers are ashed after
the wires W1 and W2 are formed, and are thereby changed
into gas-filled cavities. Further, a carbon layer
having via holes is used an insulating layer to form
conductors 33a and 33b (i.e. contact plugs), and is
ashed after the conductors 33a and 33b are formed in
the via holes, thereby forming gas-filled cavities.

Hence, a semiconductor device can be manufactured,

in which the spaces among the wires located at the same
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level are filled with air or a mixture gas of oxygen
(Oy) and oxide dioxide (CO,), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (0,) and oxide dioxide
(CO,) .

FIG. 53 shows a semiconductor device according to
the seventh embodiment of the preéent invention.

As is illustrated in FIG. 53, a field oxide
layer 22 (e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The insulating layer 25 is made of, for
example, borophospho silicate glass (BPSG), or phosphor
silicate glass (PSG), or the like. The upper surface
of the layer 25 can be made flat chemical mechanical
polishing (CMP). The layer 25 has contact holes which
reach the source region 24a and the drain region 24b.
The contact holes are filled with conductors 26a
and 26b. The conductors 26a and 26b are made of high-
melting metal such as tungsten. Alternatively, they
may be made of other material.

Arranged on the insulating layer 25 are wires Wi,
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which are connected to the conductors 26a and 26b.

Each wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the parrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating
layer 30. Hence, the wires W1 support the insulating
layer 30. Cavities 31 are provided among the wires Wwil.
They are filled with a mixture gas of mainly oxygen
(Oz) and carbon dioxide (CO,). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Columnar conductors 33a and 33b.
made of high-melting metal such as tungsten are
provided, extending vertically, each having its

lower end fitted in the contact holes of the insulating
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layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is mounted
an insulating layer 43. Thus, the conductors 33a
and 33b support the insulating layer 43. Cavities
40 are provided among the conductors 33a and 33b.

The cavities 40 are filled with a mixture gas of mainly
oxygen (0,) and carbon dioxide (CO,). The insulating
layer 43 is an important component, defining the
cavities 40 and functioning as a base on which some
layers will be mounted. The layer 43 is made of
silicon oxide or the like.

Wirés W2 are arranged on the insulating layer 43
and connected to the conductors 33a and 33b. One wire
W2 is composed of a trough-shaped barrier layer 34a
and a conductor 35a fitted in the barrier layer 34a.
The other wire W2 is composed of a troﬁgh-shaped
barrier layer 34b and a conductor 35b fitted in the
barrier layer 34b. The barrier layers 34a and 34b
are two-layered members, each consisting of, for
example, a titanium layer and a titanium nitride layer.
The conductors 35a and 35b are made of metal such as
copper or aluminum alloy. They can be made of material
other than copper and aluminum alloy, for example,
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.

On the wires W2 there is mounted an insulating
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layer 37. Thus, the wires W2 support the insulating
layer 37. Cavities 38 are provided among the wires W2.'
They are filled with a mixture gas of mainly oxygen

(0,) and carbon dioxide (CO,). The insulating layer 37
is an important component, defining the cavities 38 and
functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or the
like.

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be.accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

As seen from FIG. 53, the cavities 31 provided
among the wires W1, and the cavities 38 provided among
the wires W2 are filled with the mixture gas of oxygen
(O,) and carbon dioxide (CO3). Alternatively, the
cavities 31 and 38 may be filled with air. Further,
the cavities 40 filled with air or the mixture gas are
provided among the conductors 33a and 33b, that is,
between the wires W1 on the one hand and the wire W2 on
the other. The mixture gas and air have a dielectric
constant of about 1.0, which is far less than
dielectric constant of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and

a better performance than in the case where the
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inter-wire spaces (i.e., the spaces between wires
located at the same level and the spaces between wires
located at different levels) are filled with insulating
layers made of silicon oxide or the like.

It will be explained how the device shown in
FIG. 53 is manufactured, with reference to FIGS. 54
to 59.

At first, the structure shown in FIG. 54 is
prepared by performing the same steps as carried out
until the wires W1 are formed in the manufacture of the
third embodiment.

To state more correctly, the field oxide layer 22
is formed on the semiconductor substrate 21 by LOCOS
method, as is illustrated in FIG. 54. A MOS transistor
having a gate electrode 23, a source region 24a and
a drain region 24b is formed in the element region of
the substrate 21, which is surrounded by the field
oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by.means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and

drain region 24b of the MOS transistor. The conductors

-26a and 26b made of high-melting metal such as tungsten
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are formed by selective growth in the contact holes of
the insulating layer 25. Alternatively, the contact
holes may be filled with other electrically conductive
material other than high-melting metal.

Then, a carbon layer is formed on the insulating

layer 25 by sputtering. The carbon layer is as thick

as wires to be formed to be formed in an LSI, for
example about 0.2 to 0.7um. Further, a mask layer 29
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer by sputtering to
a thickness of about O.bSum.

The mask layer 29 is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer is subjected to anisotropic etching, which is
accomplished by using the pattered mask layer 29 as
the mask, whereby slits are made in the carbon layer.
It should be noted that the carbon layer is not etched
by PEP, but etched by using the PEP-patterned mask
layer, for tﬁe same reason stated in the explanation of
the method of manufacturing the second embodiment.

If the conductors 26a and 26b are made of high-
melting metal, it is desirable to use a mask polished
by PEP to etch the carbon layer. If the conductors 26a
and 26b are made of material which is resistant to
H,504 and H,0,, it is advisable to use a resist as the
mask to etch the carbon layer.

Thereafter, the mask layer 29 is removed, and the
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trough-shaped barrier layers 27a and 27b are formed by
sputtering or CVD on the carbon layer and on the bottom
and inner surfaces of each slit made in the carbon
layer. Each barrier layer is composed of a titanium
layer and a titanium nitride layer provided on the
titanium layer. Further, conductors 28a and 28b made
of copper, aluminum alloy or the like are formed by
sputtering or CVD in the barrier layers 27a and 27b,
respectively. The conductors 28a and 28b may be
replaced by, for example, those made of semiconductor
such as polysilicon layer or high-melting metal such as
tungsten.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 27a and 27b and the
conductors 28a and 28b in the slits made in the carbon
layer. As 'a result, the wires W1l are formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires W1.

‘The insulating layer 30 (e.g., a silicon oxide
layer) is then formed by sputtering on the carbon layer
and the wires Wl. The insulating layer 30 should
better be formed by means of sputtering, not by CVD.
This is because the carbon layer would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 30. It is desired that
the insulating layer 30 be 0.01 to 0.1 m thick if it

is made of silicon oxide. So long as its thickness
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remains within this range, the layer 30 is not broken
when the carbon layer is ashed. The most preferable
thickness for the insulating layer 30 depends upon the
material of the layer 30.

Thereafter, the carbon layer is ashed, thereby
forming cavities 31 which are filled with a mixture
gas of mainly oxygen (O,) and carbon dioxide (CO,).

A carbon layer 41 is formed on the insulating layer 30
by sputtering, after the wires W1l have been formed.
Further, a mask layer 42 (e.g., a silicon oxide layer
or a silicon nitride layer) is formed on the carbon
layer 41 by sputtering to a thickness of about 0.0Sum;
A resist is coated on the mask layer 42 and patterned
by PEP (Photo Engraving Process). Using the patterned
resist as the mask, the mask layer 42 is patterned.

The resist is removed from the mask layer 42 patterned.
The carbon layer 41 and the insulating layer 30 are
subjected to anisotropic etching, which is accomplished
by using the pattered mask layer 42 as the mask. Via
holes reaching the wires W1 are thereby made in the
carbon layer 41 and the insulating layer 30.

As shown in FIG. 55, conductors 33a and 33b made
of high-melting metal such as tungsten are formed in
the via holes by selective growth. The conductors 33a
and 33b can be made of material other than high-melting
metal.

Next, as shown in FIG. 56, an insulating film 43



10

15

20

25

- 101 -~

(e.g., a silicon oxide film) is formed by sputtering on
the carbon layer 41 and the conductors 33a and 33b.

The insulating layer 43 should better be formed by
means of sputtering, not by CVD, in order to prevent
the carbon layer 41 from being eroded by the oxygen
(Op) contained in the reaction gas used to form the
insulating layer 43. It is desired that the insulating
layer 43 be 0.01 to 0.1lum thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 43 is not broken when the carbon
layer 41 is subjected to ashing. The most preferable
thickness for the insulating layer 43 depends on the
material of the insulating layer 43.

Then, the wires W2 are formed in the same way as
the wires W1 are formed. To be more specific, as shown
in FIG. 57, a carbon layer 44 is formed by sputtering
on the insulating layer 43. The carbon layer 44 is as
thick as wires W2. Further, a mask layer (e.g.,

a silicon oxide layer or a silicon nitride layer)
is formed on the carbon layer 44 by sputtering to
a thickness of about 0.05um.

The mask layer is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer 44 and the insulating layer 43 are subjected to
anisotropic etching, which is accomplished by using the
pattered mask layer as the mask, whereby slits are made

in the carbon layer. The mask layer is removed, and
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the trough-shaped barrier layers 34a and 34b are formed
by sputtering or CVD on the carbon layer 44 and on the
bottom and inner surfaces of each slit made in the
carbon layer 44. Each barrier layer is composed of

a titanium layer and a titanium nitride layer provided
on the titanium layer. Further, conductors 35a and 35b
made of copper, aluminum alloy or the like are formed
by sputtering or CVD in the barrier layers 34a and 34b,
respectively.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 34a and 34b and the
conductors 35a and 35b in the slits made in the carbon
layer 44. 1As a result, the wires W2 are formed.

The CMP may be replaced by anisotropic etching_or
isotropic etching, to form the wires W2.

The insulating layer 37 (e.g., a silicon oxide
layer) is formed by sputtering on the carbon layer 44
and the wires W2. It is desired that the insulating
layer 37 be 0.01 to 0.1mm thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 37 is not broken when the carbon
layer 44 is subjected to ashing. The optimal thickness
for the insulating layer 37 depends on the material of
the layer 73.

Then, as illustrated in FIGS. 58 and 59, the
carbon layers 41 and 44 are simultaneously ashed by

heat treatment in an oxygen atmosphere or by oxygen
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plasma process. The carbon layer 41 is thereby changed
into cavities 40, and the carbon layer 44 changed into
cavities 38. The cavities 38 and 40 are filled with

a mixture gas of mainly oxygen (O) and carbon dioxide
(COy) .

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

In the method explained, carbon layers are used as
insulating layers having slits, for forming the wires
W1l and the wires W2. The carbon layers are ashed after
the wires Wl and W2 are formed, and are thereby changed
into gas-filled cavities. Further, a carbon layer
having via holes is used an insulating layer to form
conductors 33a and 33b (i.e. contact plugs), and is
ashed after the conductors 33a and 33b are formed in
the via holes, thereby forming gas-filled cavities.

Thus, a semiconductor device can be manufactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(O5) and oxide dioxide (COy), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (Oy) and oxide dioxide
(COy) .

Furthermore, each carbon layer can be ashed fast
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and precisely since the mask layer is removed after the
carbon carbon layer is patterned and before the carbon
layer is ashed.

FIG. 60 illustrates a semiconductor device
according to the eighth embodiment of the invention.

As shown in FIG. 60, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b. |

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b are
made of high-melting &etal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires Wil,
which are connected to the conductors 26a and 26b.

Each wire W1 is composed of a trough-shaped barrier

layer 27a and a conductor 28a fitted in the barrier
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layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating
layer 29, on which provided is an insulating layer 30.
Hence, the wires Wl support the insulating layers 29
and 30. Cavities 31 are provided among the wires W1.
They are filled with a mixture gas of mainly oxygen
(O2) and carbon dioxide (CO5). The insulating layer 29
determines the pattern of wires Wl; it is made of
silicon oxide, silicon nitride or the like.

The insulating layer 30 is an impoftant component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Wires W2 are provided, each having
its lower end fitfed in the contact holes of the

insulating layer 30. Each wire W2 is comprised of
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a conductor and a barrier layer covering the bottom
and sides of the conductor. More specifically, one
wire W2 is made of a conductor 35a and a barrier layer
34a, and another wire W2 is made of a conductor 35b and
a barrier layer 34b. The barrier layers 34a and 34b
are two-layered members, each consisting of, for
example, a titanium layer and a titanium nitride layer.
The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

As seen from FIG. 60, éach wire W2 consists of
a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43
(e.g., a silicon oxide layer), each at the junction
between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided among the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (05) and carbon dioxide
(CO3). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the
insulating léyers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (0,) and

carbon dioxide (COy) .
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The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

As shown in FIG. 60, the cavities 31 provided
among the wires Wl, and the cavities 38 provided among
the upper portions of the wires W2 are filled with the
mixture gas of oxygen (0,) and carbon dioxide (CO,).
Alternatively, the cavities 31 and 38 méy be filled
with air. Further, the cavities 40 provided among
the lower portions of the wires W2 are filled with air
or the mixture gas. The mixture gas and air have
a dielectric constant of about 1.0, which is far less
than dielectric constant of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance than in the case where the inter-
wire spaces (i.e., the spaces between wires located at
the same level and the spaces between wires located at
different levels) are filled with insulating layers
made of silicon oxide or the like,.

It will be explained how the device illustrated
in FIG. 60 is manufactured, with reference to FIGS. 61
to 66.

First, the structure shown in FIG. 61 is prepared

by performing the same steps as carried out until the
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wires W1l are formed ih the manufacture of the second
embodiment.

That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 54. A MOS transistor having a gate
electrode 23, a source region 24a and a drain region
24b is formed in the element region of the substrate
21, which is surrounded by the field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. Alternatively, the contact
holes may be filled with other electrically conductive
material other than high-melting metal.

Then, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed to be formed in an LSI, for
example about 0.2 to 0.7um. Further, a mask layer 29
(e.9., a silicon oxide layer or a silicon nitride

layer) is formed on the carbon layer by sputtering to
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a thickness of about 0.05um.

A resist is coated on the mask layer 29 and
patterned by PEP (Photo Engraving Process). Using the
patterned resist as the mask, the mask layer 29 is
patterned. The resist is removed from the mask layer
42 patterned. The carbon layer is subjected to
anisotropic etching, which is accomplished by using the
pattered mask layer 29 as the mask. As a result, slits
are made in the carbon layer. It should be noted that
the carbon layer is not etched by PEP, but etched by
using the PEP-patterned mask layer, for the same reason
stated in the explanation of the method of
manufacturing the second embodiment.

If the conductors 26a and 26b are made of high-
melting metal, it is desirable to use a mask polished
by PEP to etch the carbon layer. If the conductors 26a
and 26b are made of material which is resistant to
H,504 and Hy0,, it is advisable to use a resist as the
mask to etch the carbon layer.

Thereafter, the mask layer 29 is removed, and the
trough-shaped barrier layers 27a and 27b are formed by
sputtering or CVD on the carbon layer and on the bottom
and inner surfaces of each slit made in the carbon
layer. Each barrier layer is composed of a titanium
layer and a titanium nitride layer provided on the
titanium layer. Further, conductors 28a and 28b made

of copper, aluminum alloy or the like are formed by
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sputtering or CVD in the barrier layers 27a and 27b,
respectively. The conductors 2B8a and 28b may be
replaced by, for example, those made of semiconductor
such as polysilicon layer or high-melting metal such as
tungsten.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 27a and 27b and the
conductors 28a and 28b in the slits made in the carbon
layer. As a result, the wires W1l are formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires Wl.

The insulating layer 30 (e.g., a silicon oxide
layer) is then formed by sputtering on the mask layer
30 and the wires W1l. The insulating layer 30 should
better be formed by means of sputtering, not by CVD,
because the carbon layer would be eroded by the oxygen
0, contained in the reaction gas applied in CVD to form
the insulating layer 30. It is desired that the layer
30 be 0.01 to 0.1um thick if it is made of silicon
oxide. So long as its thickness remains within this
range, the layer 30 is not broken when the carbon layer
is ashed. The thickness best for the insulating layer
30 depends on the material of the layer 30.

Then, the carbon layer is ashed, forming cavities
31 which are filled with a mixture gas of mainly oxygen
(Op) and carbon dioxide (CO,). A carbon layer 41 is

formed by sputtering on the insulating layer 30, after
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the wires W1l have been formed. Further, an insulating
layer 43 (e.g., a silicon oxide layer or a silicon
nitride layer) is formed on the carbon layer 41

by sputtering to a thickness of about 0.05m.

The insulating layer 43 should better be formed by
means of sputtering, not by CVD, because the carbon
layer would be eroded by the oxygén 0, contained in the
reaction gas applied in CVD to form the insulating
layer 43. The layer 43 should be 0.01 to 0.1mm thick
if it is made of silicon oxide. So long as its
thickness remains within this range, the layer 43

is not broken when the carbon layer is ashed.

The thickness most desirable for the insulating layer
43 depends on the material of the layer 43.

Next, a carbon layer 44 is formed on the
insulating layer 43 by sputtering. The carbon layer
44 is patterned, forming slits in the layer 44.

The carbon layer 44 may be patterned by one of two
alternative methods. The first is to perform PEP
(Photo Engraving Process) and RIE. The second is to
perform PEP and use a mask prepared by RIE. |

In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. More specifically,
a resist 45 is formed on the carbon layer 44 and is
patterned, anisotropic etching is carried out on the
carbon layer 44, by using the resist 45 as the mask,

thereby forming slits in the layer 44. Next, H,50,4 and
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H,0, are applied, removing the resist 45. It should be
noted.that the resist 45 is not removed by oxygen
plasma process, which would erode the carbon layer 44.
Thereafter, as shown in FIG. 62, a resist 46 is
formed on the carbon layer 44 and patterned. Using the
resist 46 as the mask, anisotropic etching is conducted
on the insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.
This done, H,50, and H,0, are applied, removing the
resist 46. The resist 45 is not removed by oxygen
plasma process, which would erode the carbon layer 44.
As shown in FIG. 63, the insulating layer 30 is
subjected to anisotropic etching, thereby forming via
holes in the layer 30, which reach the wires Wil.
A barrier layer 34 comprised of, for example,
a titanium layer and a titanium nitride is formed by
sputtering or CVD, in the via holes of the layer 30,
the via holes of the carbon layer 41, the via holes of
the insulating layer 43 and the slits of the carbon
layer 44 and on the carbon layer 44. Further,
a conductor 35 made of copper, aluminum alloy or the
like is formed on the barrier layer 34 by either
sputtering or CVD.
Next, as illustrated in FIG. 64, chemical
mechanical polishing (CMP) or etching is performed on
the barrier layer 34 and the conductor 35, thereby

forming barrier layers 34a and 34b and conductors 35a
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and 35b -~ all in the via holes of the insulating layer
30, carbon layer 41 and insulating layer 43 and in the
slits of the carbon layer 44. Thus, wires W2 are
provided, each consisting of a barrier layer and

a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the carbon layer 44 by
sputtering to a thickness of about 0.05um.

The insulating layers 37 and 43 should be 0.01 to 0.1um
thick if they are made of silicon oxide. So long as
their thickness remains within this range, the layers
37 and 43 are not broken when the carbon layers 41 and
44 are ashed. The thickness most desirable for the
insulating layers 37 and 43 depends on the materials of
the layers 37 and 43.

Then, as shown in FIGS. 65 and 66, the carbon
layers 41 and 44 are simultaneously ashed by heat
treatment in an oxygen atmosphere or by oxygen plasma
process. The carbon layer 41 is thereby changed into
cavities 40, and the carbon layer 44 changed into
cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (Op) and carbon dioxide
(CO,).

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 3B and 40 to the atmosphere or

by supplying air into the cavities 31, 38 and 40
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through holes made in the device package.

In this method, carbon layers are used as
insulating layers having slits or via holes, for
forming the wires W1 and the wires W2. They are ashed
after the wires Wl and W2 are formed in the slits
and via holes, thereby forming gas-filled cavities.

In addition, the method has far less steps than the
methods according to the second to seventh embodiments
since the wires W2 are directly connected to the wires
Wl, without using contact plugs.

Hence, a semiconductor device can be maﬁﬁfactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(Oy) and oxide dioxide (CO,), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (0) and oxide dioxide
(COy).

FIG. 67 depicts a semiconductor device according
to the ninth embodiment of the present invention.

As FIG. 67 shows, a field oxide layer 22 (e.g.,

a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
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layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), or phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region Z24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b are
made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulatiné layer 25 are wires Wi,
which are connected to the conductors 26a and 26b.
Each wire W1l is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1l is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The cpnductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating

layer 30. Thus, the wires W1 support the insulating
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layer 30. Cavities 31 are provided among the wires W1l.
They are filled with a mixture gas of mainly oxygen
(0O,) and carbon dioxide (CO,). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires W1l. Wires W2 are provided, each having

its lower end fitted in the contact holes of the

.insulating layer 30. Each wire W2 is comprised of

a conductor and a barrier layer covering the bottom
and sides of the conductor. More specifically, one
wire W2 is made of a conductor 35a and a barrier layer
34a, and another wire W2 is made of a conductor 35b and
a barrier layer 34b. The barrier layers 34a and 34b
are two-layered members, each consisting of, for
example, a titanium layer and a titanium nitride layer.
The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

As seen from FIG. 67, each wire W2 consists of
a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43
(e.g., a silicon oxide layer), each at the junction

between the lower and upper portions.
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On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided among the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (0O,) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the
insulating layers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (O5) and
carbon dioxide (CO,).

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be achieved by opening
the cavities 31, 38 and 40 to the atmosphere or by
supplying air into the cavities 31, 38 and 40 through
holes made in the device package.

As shown in FIG. 67, the cavities 31 provided
among the wires W1, and the cavities 38 provided among
the upper portions of the wires W2 are filled with the
mixture gas of oxygen (0,) and carbon dioxide (COy) .
Alternatively, the cavities 31 and 38 may be filled
with air. Further, the cavities 40 prdvided among
the lower portions of the wires W2 are filled with air
or the mixture gas. The mixture gas and air have
a dielectric constant of about 1.0, which is far less
than dielectric constant of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI

which has a higher packing density of elements and



10

15.

20

25

- 118 -

a better performance than in the case where the inter-
wire spaces (i.e., the spaces between wires located at
the same level and the spaces between wires located at
different levels) are filled with insulating layers
made of silicon oxide or the like.

It will be explained how the device illustrated
in FIG. 67 is manufactured, with reference to FIGS. 68
to 73.

First, the structure shown in FIG. 67 is prepared
by performing the same steps as carried out until the
wires W1 are formed on the insulating layer 25 in the
manufacture of the third embodiment.

That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method. A MOS
transistor having a gate electrode 23, a source region
24a and a drain region 24b is formed in the element
region of the substrate 21, which is surrounded by the
field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is made flat by chemical
mechanical polishing (CMP). PEP (Photo Engraving
Process) is conducted, forming in the layer 25 contact
holes which reach the source region 24a and drain
region 24b of the MOS transistor. The conductors 26a

and 26b made of high-melting metal such as tungsten are
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formed by selective growth in the contact holes of the
insulating layer 25. Alternatively, the contact holes
may be filled with other electrically conductive
material other than high-melting metal.

Then, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed to be formed in an LSI, for
example about 0.2 to 0.7umm. Further, a mask
layer (e.g., a silicon oxide layer or'a silicon nitride
layer) is formed on the carbon layer by sputtering to
a thickness of about 0.05um. The mask layer is
patterned. The carbon layer is subjected to
anisotropic etching, which is accomplished by using the
pattered mask layer as the mask. As a result, slits
are made in the carbon layer. The carbon layer is not
etched by PEP, but etched by using the PEP-patterned
mask layer, for the same reason stated in the
explanation of the method of manufacturing the second
embodiment.

Therefofe, if the conductors 26a and 26b are made
of high-melting metal, it is desirable to use a mask
polished by PEP to etch the carbon layer. If the
conductors 26a and 26b are made of material which is
resistant to H,504 and Hy0,, it is advisable to use
a resist as the mask to étch the carbon layer.

Thereafter, the mask layer is removed, and the

trough-shaped barrier layers 27a and 27b are formed by
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sputtering or CVD on the carbon layer and on the bottom
and inner surfaces of each slit made in the carbon
layer. Each barrier layer is composed of a titanium
layer and a titanium nitride layer provided on the
titanium layer. Further, conductors 28a and 28b made
of copper, aluminum alloy or the like are formed by
sputtering or CVD in the barrier layers 27a and 27b,
respectively. The conductors 28a and 28b may be
replaced by, for example, those made of semiconductor
such as polysilicon layer or high-ﬁelting metal such as
tungsten.

Chemical mechanical polishing (CMP) is performed,
leaving the barrier layers 27a and 27b and the
conductors 28a and 28b in the slits made in the carbon
layer. As a result, the wires W1 are formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires Wl.

The insulating layer 30 (e.g., a silicon oxide
layer) is then formed by sputtering on the carbon layer
and the wires W1. The insulating layer 30 should
better be formed by means of sputtering, not by CVD,
because the carbon layer would be eroded by the oxygen
O, contained in the reaction gas applied in CVD to form
the insulating layer 30. It is desired that the layer
30 be 0.01 tec 0.1mm thick if it is made of silicon
oxide. §So long as its thickness remains within this

range, the layer 30 is not broken when the carbon layer
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is ashed. The thickness best for the insulating layer
30 depends on the material of the layer 30.

Thereafter, the carbon layer is ashed, forming
cavities 31 which are filled with a mixture gas of
mainly oxygen (0,) and carbon dioxide (CO,) as is
illustrated in FIG. 68. A carbon layer 41 is formed by
sputtering on the insulating layer 30, after the wires
W1l have been formed. Further, an insulating layer 43
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer 41 by sputtering
to a thickness of about 0.05um. The insulating layer
43 should better be formed by means of sputtering, not
by CVD, because the carbon layer would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 43. The insulating layer
43 should be 0.01 to 0.1mm thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 43 is not broken when the carbon
layer is ashed. The thickness most desirable for the
insulating layer 43 depends on the material of the
layer 43.

Next, a carbon layer 44 is formed on the
insulating layer 43 by sputtering. The carbon layer
44 is patterned, forming slits in the layer 44.

The carbon layer 44 may be patterned by one of two
alternative methods. The first is to perform PEP

(Photo Engraving Process) and RIE. The second is to
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perform PEP and use a mask prepared by RIE.

In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. More specifically,
a resist 45 is formed on the carbon layer 44 and is
patterned, anisotropic etching is carried out on the
carbon layer 44, by using the resist 45 as the mask,
thereby forming slits in the layer 44. H,S0, and H;0,
are applied, removing the resist 45. It should be
noted that the resist 45 is not removed by oxygen
plasma process, which would erode the carbon layer 44.

Then, as shown in FIG. 69, a resist 46 is formed
on the carbon layer 44 and patterned. Using the
resist 46 as the mask, anisotropic etching is conducted
on the insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.

This done, H,S0, and H,0, are applied, removing the
resist 46. The resist 45 is not removed by oxygen
plasma process, which would erode the carbon layer 44.

As shown in FIG. 70, the insulating layer 30 is
subjected to anisotropic etching, thereby forming via
holes in the layer 30, which reach the wires W1.

A barrier layer 34 comprised of, for example,

a titanium layer and a titanium nitride is formed by
sputtering or CVD, in the via holes of the layer 30,
the via holes of the carbon layer 41, the via holes of
the insulating layer 43 and the slits of the carbon

layer 44 and on the carbon layer 44. Further,
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a conductor 35 made of copper, aluminum alloy or the
like is formed on the barrier layer 34 by either
sputtering or CVD.

Next, as seen from FIG. 71, chemical mechanical
polishing (CMP) or etching is performed on the barrier
layer 34 and the conductor 35, thereby forming barrier
layers 34a and 34b and conductors 35a and 35b -- all in
the via holes of the insulating layer 30, carbon layer |
41 and insulating layer 43 and in the slits of the
carbon layer 44. Thus, wires W2 are provided, each
consisting of a barrier layer and a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide iayer) is formed on the carbon layer 44
by sputtering to a thickness of about 0.05m.

The insulating layers 37 and 43 should be 0.01 to 0.1um
thick if they are made of silicon oxide. So long as
their thickness remains within this range, the
insulating layers 37 and 43 are not broken when the
carbon layers 41 and 44 are ashed. The thickness most
desirable for the insulating layer 37 and the thickness
optimal for the insulating layer 43 depend on the
materials of the layers 37 and 43.

Then, as shown in FIGS. 72 and 73, the carbon
layers 41 and 44 are simultaneously ashed by heat
treatment in an oxygen atmosphere or by oxygen plasma
process. The carbon layer 41 is thereby changed into

cavities 40, and the carbon layer 44 changed into
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cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (0O,) and carbon dioxide
(COy) .

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31, 38 and 40 to the atmosphere or
by supplying air into the cavities 31, 38 and 40
through holes made in the device package.

In the method described above, carbon layers are
used as insulating layers having slits or via holes,
for forming the wires W1 and the wires W2. They are
ashed after the wires Wl and W2 are formed in the slits
and the via holes, thereby forming gas-filled cavities.
In addition, the method has far less steps than the
methods according to the second to seventh embodiments
since the wires W2 are directly connected to the wires
W1, without using contact plugs.

Hence, a semiconductor device can be manufactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(O2) and oxide dioxide (CO,), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (0,) and oxide dioxide
(COy).

Furthermore, each carbon layer can be ashed fast
and precisely since the mask layer is removed after the

carbon carbon layer is patterned and before the carbon
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layer is ashed.

FIGS. 74 to 76 illustrate a semiconductor device
according to the tenth embodiment of the invention.
As shown in FIGS. 74 and 75, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device will be described in
detail, with reference to FIG. 76.

As seen from FIG. 76, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.

Alternatively, they may be made of other material.
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Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

Each wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1l is composed of
a troﬁgh-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
2B8a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating
layer 29, on which an insulating layer 30 is mounted.
Thus, the wires W1l support the insulating layers 29
and 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(O2) and carbon dioxide (CO,). The insulating layer 29
determines the pattern of wires Wl; it is made of
silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of

silicon oxide or the like and has contact holes.
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An insulating layer 32 is provided on the
insulating layer 30. The insulating layer 32 has
contact holes which reach the wires Wl. Conductors 33a
and 33b are provided in the contact holes of the
insulating layers 30 and 32. The conductors 33a and
33b are made of high-melting metal such as tungsten.
Nonetheless, they may be made of other material.

Wires W2 are provided on the insulating layer 32
and connected to the conductors 33a and 33b. Each wire
W2 is comprised of a conductor and a barrier layer
covering the bottom and sides of the conductor.

More specifically, one wire W2 is made of a conductor
35a and a trough-shaped barrier layer 34a, and another
wire W2 is made of a conductor 35b and a trough-shaped
barrier layer 34b. The barrier layers 34a and 34b are
two-layered members, each consisting of, for example,

a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

An insulating layer 37 is provided on the wires
W2. An insulating layer 36 is provided on the lower
surface of the insulating layer 37, with its upper
surface located in flush with the tops of the wires W2.

Thus, the wires W2 support both insulating layers 36
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and 37. Cavities 38 are provided among the wires W2.
They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (CO;). The insulating layer
36 determines the pattern of wires W2; it is made
of silicon oxide, silicon nitride or the like.
The insulating layer 37 is an important component,
defining the cavities 31 and serving as a base on which
some iayers will be mounted. The layer 30 is made of
silicon oxide or the like.

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As illustrated in
FIG. 76, each guard ring G is composed of a barrier
layer 27c and a conductor 28c which are provided in
a cavity 31, a barrier layer 34c and a conductor 35c
which are provided in a cavity 38, and a conductor 33c
which is provided in the insulating layers 30 and 32.
The conductor 33c provided in the layers 30 and 32 may
be dispensed with, as is illustrated in FIG. 77.

The cavities 31 among the wires Wl and the
cavities 38 among the wires W2 are filled with
a mixture gas ¢f mainly oxygen (Oy) and carbon dioxide
(COy). The mixture gas has a dielectric constant of
about 1.0, which is far less than dielectric constant
of silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in

the case where the inter-wire spaces are filled with
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insulating layers made of silicon oxide or the like.

In addition, no water (H,) will not flow through
the cavities 31 or 38 to reach the wires W1l or W2 after
the chip 48 ié cut from the wafer 47. This is because
the chip 48 is protected by the guard ring G which
surrounds the chip 48.

The semiconductor device shown in FIG. 76 can
easily be manufactured by the same method as the device
according to the second embodiment.

FIGS. 78 and 79 show a semiconductor device
according to the eleventh embodiment of the present
invention.

As illustrated in FIG. 74, the device is provided
in the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the eleventh
embodiment will be described in detail, with reference
to FIG. 78.

As seen from FIG. 78, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
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layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The layer 25 has contact
holes which reach the source region 24a and the drain
region 24b. The contact holes are filled with
conductors 26a and 26b. The conductors 26a and 26b
are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.
One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire Wl is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for exampie, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten or tantalum.

On the wires W1 there is mounted an insulating

layer 30 is mounted. Thus, the wires W1 support the
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insulating layer 30. Cavities 31 are provided among
the wires Wl. They are filled with a mixture gas

of mainly oxygen (0O,) and carbon dioxide (CO,).

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like and has contact holes.

An insulating layer 32 is provided on the
insulating layer 30. The insulating layer 32 has
contact holes which reach the wires W1. Conductors
33a and 33b are provided in the contact holes of the
insulating layers 30 and 32. The conductors 33a and
33b are made of high-melting metal such as tungsten.
Nonetheless, they may be made of other material.

Wires W2 are provided on the insulating layer 32
and connected to the conductors 33a and 33b. Each wire
W2 is comprised of a conductor and a barrier layer
covering the bottom and sides of the conductor.

More specifically, one wire W2 is made of a conductor
35a and a trough-shaped barrier layer 34a, and another.
wire W2 is made of a conductor 35b and a trough-shaped
barrier layer 34b. The barrier layers 34a and 34b are
two-layered members, each consisting of, for example,

a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,

for example, semiconductor such as polysilicon
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containing an impurity, or high-melting metal such
as tungsten or tantalum.

An insulating layer 37 is provided on the wires
W2. Thus, the wires W2 support insulating layer 37.
Cavities 38 are provided among the wires W2. They
are filled with a mixture gas of mainly oxygen (07)
and carbon dioxide (CO,). The insulating layer 37 is
an important component, defining the cavities 38 and
serving as a base on which some layers will be mounted.
The layer 37 is made of silicon oxide or the like.

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As illustrated in
FIG. 78, each guard ring G is composed of a barrier
layer 27c and a conductor 28c which are provided in
a cavity 31, a barrier layer 34c and a conductor 35c
which are provided in a cavity 38, and a conductor 33c
which is provided in the insulating layers 30 and 32.
The barrier layer 27c and the conductor 28c, both
provided in the cavity 31, constitute the same

structure as the wires Wl. Similarly, the barrier

‘layer 34c and the conductor 35c, both provided in

the cavity 38, constitute the same structure as the
wires W2. Further, the barrier layer 33c provided in
the insulating layers 30 and 32 has the same structure
as the conductors 33a and 33c (i.e., contact plugs).
The conductor 33c provided in the layers 30 and 32 may

be dispensed with, as is illustrated in FIG. 79.
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In the semiconductor device shown in FIG. 78, the
cavities 31 among the wires Wl and the cavities 38
among the wires W2 are filled with a mixture gas of
mainly oxygen (O,) and carbon dioxide (COj3).

The mixture gas has a dielectric constant of about 1.0,
which is far less than dielectric constant of silicon
oxide or the like. The semiconductor device can,
therefore, be an LSI which has a higher packing density
of elements and a better performance than in the case
where the inter-wire spaces are filled with insulating
layers made of silicon oxide or the like.

Moreover, no water (H,) will flow from the edges
of the chip 48 through the cavities 31 or 38 to reach
the wires W1l or W2 after the chip 48 is cut from the
wafer 47. This is because the guard ring G surrounds
and protects the wires W1 and W2.

The semiconductor device shown in FIG. 78 can be
easily manufactured by the same method as the device
according to the third embodiment.

FIG. 80 illustrates a semiconduétor device
according to the twelfth embodiment of the invention.

As seen from FIG. 74, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the twelfth
embodiment will be described in detail, with reference

to FIG. 80.
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As shown in FIG. 80, a field oxide layer 22 (e.qg.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS

transistor which has a gate electrode 23, a source

region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
boropﬁospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires Wi,
which are connected to the conductors 26a and 26b.

One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire Wl is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting

of, for example, a titanium layer and a titanium
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nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is mounted an insulating:
layer 29, on which an insulating layer 30 is mounted.
Thus, the wires W1 support the insulating layers 29
and 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(Op) and carbon dioxide (CO,). The insulating layer
29 determines the pattern of wires W1l; it is made
of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its
lower end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is provided

an insulating layer 36, on which an insulating layer 37
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is mounted. Hence, the conductors 33a and 33b support
the insulating layers 36 and 37. Cavities 40 are
provided among the columnar conductors 33a and 33b.

The cavities 40 are filled with a mixture gas of mainly
oxygen (O,) and carbon dioxide (CO,). The insulating
layer 36 determines the positions and cross-sectional
areas of the conductors 33a and 33b; it is made of
silicon oxide or silicon nitride. The insulating layer
37 is an important component, defining the cavities 40
and functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or the
like.

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As illustrated in
FIG. 80, each guard ring G is composed of a barrier
layer 27c and a conductor 28c which are provided in
a cavity 31 and a conductor 33c which is provided in
the cavity 40. The barrier layer 27c and the conductor
28c, both provided in fhe cavity 31, constitute the
same structure as the wires W1. The barrier layer 33c
provided in the cavity 40 has the same structure as the
conductors 33a and 33c (i.e., contact plugs).

In the semiconductor device shown in FIG. 80, the
cavities 31 among the wires Wl and the cavities 40
among the columnar conductors 33a and 33b (i.e.,
contact plugs) are filled with a mixture gas of mainly

oxygen (0O,) and carbon dioxide (CO,). The mixture gas
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has a dielectric constant of about 1.0, which is far
less than dielectric constant of silicon oxide or the
like. The semiconductor device can, therefore, be

an LSI which has a higher packing density of elements
and a better performance than in the case where the
inter-wire spaces are filled with insulating layers
made of silicon oxide or the like.

Additionally, no water (H,) will flow from the
edges of the chip 48 through the cavities 31 or 40
to reach the wires W1l or the columnar conductors 33a
and 33b after the chip 48 is cut from the wafer 47.
This is because the guard ring G surrounds and protects
the wires W1 and the conductors 33a and 33b.

The semiconductor device shown in FIG. 80 can be
easily manufactured by the same method as the device
according to the fourth embodiment.

FIG. 81 illustrates a semiconductor device
according to the thirteenth embodiment of the
invention.

As seen from FIG. 74, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the
thirteenth embodiment will be described in detail, with
reference to FIG. 81.

As shown in FIG. 81, a field oxide layer 22 (e.g.,

a silicon oxide layer) is provided on a semiconductor
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substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide.layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with éonductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of

metal such as copper or aluminum alloy. The conductors
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28a aﬁd 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1l there is mounted an insulating
layer 30. Thus, the wires Wl support the insulating
layer 30. Cavities 31 are provided among the wires W1.
They are filled with a mixture gas of mainly oxygen
(Op) and carbon dioxide (CO,). The insulating layer 30
is an important componeﬁt, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The léyer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its lower
end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is provided
an insulating layer layer 37. Hence, the conductors
33a and 33b support the insulating layer 37. Cavities
40 are provided among the columnar conductors 33a
and 33b. The cavities 40 are filled with a mixture
gas of mainly oxygen (0O,) and carbon dioxide (cozj.

The insulating layer 37 is an important component,

defining the cavities 40 and functioning as a base on
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which some layers will be mounted. The layer 37 is
made of silicon oxide or the like.

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As depicted in FIG. 81,
each guard ring G is composed of a barrier layer 27c
and a conductor 28c which are provided in a cavity 31
and a conductor 33c which is provided in the cavity 40.
The barrier layer 27c and the conductor 28c, both
provided in the cavity 31, constitute the same
structure as the wires Wl. The barrier layer 33c
provided in the cavity 40 has the same structure as
the conductors 33a and 33c (i.e., contact plugs).

In the semiconductor device shown in FIG. 81, the
cavities 31 among the wires W1l and the cavities 40
aﬁong the conductors 33a and 33b (i.e., contact plugs)
are filled with a mixture gas of mainly oxygen (0O,) and
carbon dioxide (CO,). The mixture gas has a dielectric
constant of about 1.0, which is far less than
dielectric constant of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and

a better performance than in the case where the inter-
wire spaces are filled with insulating layers made of
silicon oxide or the like.

Further, no water (Hy) will flow from the edges of
the chip 48 through the cavities 31 or 40 to reach the

wires W]l or the columnar conductors 33a and 33b after
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the chip 48 is cut from the wafer 47. This is because
the guard ring G surrounds and protects the wires Wil
and the conductors 33a and 33b.

The semiconductor device shown in FIG. 81 can be
easily manufactured by the same method as the device
according to the fifth embodiment.

FIG. 82 illustrates a semiconductor device
according to the fourteenth embodiment of this
invention.

As seen from FIG. 74, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the four-
teenth embodiment will be described in detail, with
reference to FIG. 82.

As shown in FIG. 82, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the

layer 25 has been made flat by, for example, chemical
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mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

One wire W1 is composed of a trough-shaped barrier
layer.27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire Wl is cbmposed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is provided an insulating
layer 29, on which an insulating layer 30 is mounted.
Thus, the wires W1 support the insulating layers 29
and 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen

(O2) and carbon dioxide (CO;). The insulating layer
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29 determines the pattern of wires Wl; it is made

of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires W1l. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its
lower end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

On the conductors 33a and 33b there is provided
an insulating layer layer 42, on which an insulating
layer 43 is mounted. Thus, the conductors 33a and 33b
support the insulating layers 42 and 43. Cavities 40
are provided among the columnar conductors 33a and 33b.
The cavities 40 are filled with a mixture gas of mainly
oxygen (0O,) and carbon dioxide (CO,). The insulating
layer 42 determines the positions and cross-sectional
areas of the conductors 33a and 33b; it is made of
silicon oxide or silicon nitride. The insulating layer
43 is an important component, defining the cavities 40
and functioning as a base on which some layers will be
mounted. The layer 43 is made of silicon oxide or the

like.
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Wires W2 are provided on the insulating layer 43
and connected to the conductoré 33a and 33b. Each wire
W2 is comprised of a conductor and a barrier layer
covering the bottom and sides of the conductor.

More specifically, one wire W2 is made of a conductor
35a and a trough-shaped barrier layer 34a, and another
wire W2 is made of a conductor 35b and a trough-shaped
barrier layer 34b. The barfier layers 34a and 34b are
two-layered members, each consisting of, for example,

a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

An insulating layer 36 is provided on the wires
W2, on which an insulating film 37 is mounted.

Thus, the wires W2 support both insulating layers 36
and 37. Cavities 38 are provided among the wires W2.
They are filled with a mixture gas of mainly oxygen
(O) and carbon dioxide (CO,). The insulating layer

36 determines the pattern of wires W2; it is made

of silicon oxide, silicon nitride or the like.

The insulating layer 37 is an important component,
defining the cavities 38 and serving as a base on which
some layers will be mounted. The layer 37 is made of

silicon oxide or the like.



10~

15

20

25

- 145 -

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As seen from FIG. 82,
each guard ring G is composed of a barrier layer 27c
and a conductor 28c which are provided in a cavity 31,
a barrier layer 34c and a conductor 35¢ which are
provided in a cavity 38, and a conductor 33c which is
provided in the cavity 40. The barrier layer 27c and
the conductor 28c, both provided in the cavity 31,
constitute the same structure as the wires Wl.

The barrier layer 34c and the conductor 35c, both
provided in the cavity 38, constitute the same
structure as the wires W2. The barrier layer 33c
provided in the cavity 40 has the same structure as
the conductors 33a and 33c (i.e., contact plugs).

In the semiconductor device shown in FIG. 82,
the cavities 31 provided among the wires W1, and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (09)
and carbon dioxide (CO,). Further, the cavities 40
provided among the conductors 33a and 33b which
connects the wires W1l to the wires W2 are filled with
the mixture gas of oxygen (O,) and carbon dioxide
(CO,) .

The mixture gas has a dielectric constant of about
1.0, which is far less than dielectric constant of
silicon oxide or the like. The semiconductor device

can, therefore, be an LSI which has a higher packing
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density of elements and a better performance than in
the case where the inter-wire spaces (i.e., the spaces
between wires located at the same level and the spaces
between wires located at different levels) are filled
with insulating layers made of silicon oxide or the
like.

Further, no water (Hy) will flow from the edges of
the chip 48 through the cavities 31, 38 or 40 to reach
the wires W1, the wires W2 or the columnar conductors
33a and 33b after the chip 48 is cut from the wafer 47.
This is because the guard ring G surrounds and protects
the wires W1 and W2 and the conductors 33a and 33b.

The semiconductor device shown in FIG. 82 can be
easily manufactured by the same method as the device
according to the sixth embodiment.

FIG. 83 depicts a semiconductor device according
to the fifteenth embodiment of the present invention.

As seen from FIG. 74, the device is provided in

“the form of a chip 48 which is formed in a wafer 47,

along with other identical semiconductor devices.

The semiconductor device according to the
fif-teenth embodiment will be described in detail, with
reference to FIG. 83.

As shown in FIG. 83, a field oxide layer 22 (e.qg.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21

has an element region which is surrounded by the field
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oxide layer 22. Formed in the element region is a MOS

transistor which has a gate electrode 23, a source

region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25

has contact holes which reach the source region 24a and

-the drain region 24b. The contact holes are filled

with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.
Arranged on the insulating layer 25 are wires Wl,
which are .connected to the conductors 26a and 26b.
One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1 is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than copper

and aluminum alloy, for example, semiconductor such as
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polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is provided an insulating
layer 30. Thus, the wires Wl support the insulating
layer 30. Cavities 31 are provided among the wires Wl.
They are filled with a mixture gas of mainly oxygen
(O,) and carbon dioxide (CO,). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Columnar conductors 33a and 33b
made of high-melting metal such as tungsten are
provided, extending vertically, each having its
lower end fitted in the contact holes of the insulating
layer 30. The conductors 33a and 33b can be made of
other electrically conductive material.

Oﬁ the conductors 33a and 33b there is provided
an insulating 1ayer layer 43. Thus, the conductors 33a
and 33b support the insulating layer 43. Cavities 40
are pfovided among the columnar conductors 33a and 33b.
The cavities 40 are filled with a mixture gas of mainly
oxygen (0O,) and carbon dioxide (CO,). The insulating
layer 43 is an important component, defining the
cavities 40 and functioning as a base on which some
layers will be mounted. The layer 43 is made of

silicon oxide or the like.
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Wires W2 are provided on the insulating layer 43
and connected to the conductors 33a and 33b. Each wire
W2 is comprised of a conductor and a barrier layer
covering the bottom and sides of the conductor.

More specifically, one wire W2 is made of a conductor
35a and a trough-shaped barrier layer 34a, and another
wire W2 is made of a conductor 35b and a trough-shaped
barrier layer 34b. The barrier layers 34a and 34b are
two-layered members, each consisting of, for example,

a titanium layer and a titanium nitride layer.

The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be made of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten.

An insulating layer 37 is provided on the
wires W2. Thus, the wires W2 support the insulating
layer 37. Cavities 38 are provided among the wires W2.
They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (CO,). The insulating layer 37
is an important component, defining the cavities 38 and
serving as a base on which some layers will be mounted.
The layer 37 is made of silicon oxide or the like.

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As seen from FIG. 83,
each guard ring G is composed of a barrier layer 27c

and a conductor 28c which are provided in a cavity 31,
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a barrier layer 34c and a conductor 35c which are
provided in a cavity 38, and a conductor 33c which
is provided in the cavity 40. The barrier layer 27c
and the conductor 28c, both provided in the cavity
31, constitute the same structure as the wires Wl.
The barrier layer 34c and the conductor 35c, both
provided in the cavity 38, constitute the same
structure as the wires W2. The barrier layer 33c
provided in the cavity 40 has the same structure as
the conductors 33a and 33c (i.e., contact plugs).

In the device shown in FIG. 83, the cavities 31
provided among the wires W1, and the cavities 38
provided among fhe upper portions of the wires W2 are
filled with the mixture gas of oxygen (05) and carbon
dioxide (COy). Further, the cavities 40 provided among
the conductors 33a and 33b which connects the wires Wl
to the wires W2 are filled with the mixture gas of
oxygen (0O,) and carbon dioxide (CO,).

The mixture gas has a dielectric constant of about
1.0, which is far less than dielectric constant of
silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in
the case where the inter-wire spaces (i.e., the spaces
between wires located at the same level and the spaces
between wires located at different levels) are filled

with insulating layers made of silicon oxide or the



10

15

20

25

- 151 -

iike.

In addition, no water (H,) will flow from the
edges of the chip 48 through the cavities 31, 38 or 40
to reach the wires W1, the wires W2 or the columnar
conductors 33a and 33b after the chip 48 is cut from
the wafer 47. This is because the guard ring G
surrounds and protects the wires W1 and W2 and the
conductors 33a and 33b.

The semiconductor device shown in FIG. 83 can be
easily manufactured by the same method as the device
according to the seventh embodiment. |

FIG. 84 depicts a semiconductor device according
to the sixteenth embodiment of the invention.

As seen from FIG. 74, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the six-
teenth embodiment will be described in detail, with
reference to FIG. 84.

As shown in FIG. 84, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
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layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layerl25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.
One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire Wl is composed of
a troﬁgh-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
28a and 28b can be made of material other than coppe%
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is provided an insulating

layer 30. An insulating layer 29 is provided on the
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lower surface of the layer 30. Thus, the wires Wil
support the insulating layers 29 and 30. Cavities 31
are provided among the wires Wl. They are filled with
a mixture gas of mainly oxygen (O,) and carbon dioxide
(COy). The insulating layer 29 determines the pattern
of wires Wl; it is made of silicon oxide, silicon
nitride or the like. The insulating layer 30 is

an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Wires W2 are provided, extending
vertically, each having its lower end fitted in the
contact holes of the insulating layer 30. Each wire
W2 is comprised of a conductor and a barrier layer
covering the bottom and sides of the conductor.

More specifically, one wire W2 is made of a conductor
35a and a barrier layer 34a, and another wire W2 is
made of a conductor 35b and a barrier layer 34b.

The barrier layers 34a and 34b are two-layered members,
each consisting of, for example, a titanium layer and
a titanium nitride layer. The conductors 35a and 35b
are made of copper, aluminum alloy or the like.

They can be made of other material, for example,
semiconductor such as polysilicon containing

an impurity, or high-melting metal such as tungsten.

As seen from FIG. 84, each wire W2 consists of
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a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43

(e.g., a silicon oxide layer), each at the junction

. between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided among the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (0Op) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the
insulating layers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (05) and
carbon dioxide (CO,).

As shown in FIG. 75, guard rings G are provided,
each surrounding one chip 48. As seen from FIG. 84,
each guard ring G is composed of a barrier layer 27c¢
and a conductor 28c which are provided in a cavity 31,
a barrier layer 34c which is provided in a cavity 38,
and a conductor 35c which is provided in a cavity 40.
The barrier layer 27c and the conductor 28c, both
provided in the cavity 31, constitute the same
structure as the wires W1. The barrier layer 34c and
the conductor 35c, provided in the cavities 38 and 40,
respectively, constitute the same structure as the
wires W2.

In the semiconductor device shown in FIG. 84,
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the cavities 31 provided among the wires W1, and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (0,)
and carbon dioxide (CO,). Further, the cavities 40
provided among the columnar lower portions of the wires
W2 are filled with the mixture gas of oxygen (O,) and
carbon dioxide (CO,y).

The mixture gas has a dielectric constant of about
1.0, which is far less than dielectric constant of
silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in
the case where the inter-wire spaces (i.e., the spaces
between wires located at the same level and the spaces
between wires located at different levels) are filled
with insulating layers made of silicon oxide or the
like.

In addition, no water (H,) will flow from the
edges of the chip 48 through the cavitiés 31, 38 or 40
to reach the wires W1 or the wires W2 after the chip 48
is cut from the wafer 47. This is because the guard
ring G surrounds and protects the wires W1l and W2.

The semiconductor device shown in FIG. 84 can be
easily manufactured by the same method as the device
according to the eighth embodiment.

FIG. 85 illustrates a semiconductor device

according to the seventeenth embodiment of the
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invention.

As seen from FIG. 74, the device is provided in
the form of a chip 48 which is formed in a wafer 47,
along with other identical semiconductor devices.

The semiconductor device according to the seven-
teenth embodiment will be described in detail, with
reference to FIG. 85.

As shown in FIG. 85, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate gl&ss (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires Wi,

which are connected to the conductors 26a and 26b.
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One wire W1 is composed of a trough-shaped barrier
layer 27a and a conductor 28a fitted in the barrier
layer 27a. Similarly, the other wire W1l is composed of
a trough-shaped barrier layer 27b and a conductor 28b
fitted in the barrier layer 27b. The barrier layers
27a and 27b are two-layered members, each consisting
of, for example, a titanium layer and a titanium
nitride layer. The conductors 28a and 28b are made of
metal such as copper or aluminum alloy. The conductors
2Ba and 28b can be made of material other than copper
and aluminum alloy, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

On the wires W1 there is provided an insulating
layer 30. Thus, the wires W1l support the insulating
layer 30. Cavities 31 are provided among the wires W1l.
They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (CO,;). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires W1. Wires W2 are provided, extending
vertically, each having its lower end fitted in the
contact holes of the insulating layer 30. Each wire W2
is comprised of a conductor and a barrier layer

covering the bottom and sides of the conductor.
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More specifically, one wire W2 is made of a conductor
35a and a barrier layer 34a, and another wire W2 is
made of a conductor 35b and a barrier layer 34b.

The barrier layers 34a and 34b are two-layered members,
each consisting of, for example, a titanium layer

and a titanium nitride layer. The conductors 35a and
35b are made of copper, aluminum alloy or the like.
They can be made of other material, for example,
semiconductor such as polysilicon containing an
impurity, or high-melting metal such as tungsten.

As seen from FIG. 85, each wire W2 consists of
a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43
(e.g., a silicon oxide layer), each at the junction
between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided among the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (O,) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the
insulating layers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (O,) and
carbon dioxide (CO,).

As shown in FIG. 75, guard rings G are provided,

each surrounding one chip 48. As seen from FIG. 85,
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each guard ring G is composed of a barrier layer 27c
and a conductor 28c which are provided in a cavity 31,
a barrier layer 34c which is provided in a cavity 38,
and a conductor 35c which is provided in a cavity 40.
The barrier layer 27c and the conductor 28c, both
provided in the cavity 31, constitute the same
structure as the wires Wl. The barrier layer 34c and
the conductor 35c, provided in the cavities 38 and 40,
respectively, constitute the same structure as the
wires W2.

In the semiconductor device shown in FIG. 85,
the cavitieé 31 provided among the wires W1, and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (0,)
and carbon dioxide (CO,). Further, the cavities 40
provided among the columnar lower portions of the wires
W2 are filled with the mixture gas of oxygen (0O5) and
carbon dioxide (CO,).

The mixture gas has a dielectric constant of about
1.0, which is far less than dielectric constant of
silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in
the case where the inter-wire spaces (i.e., the spaces
between wires located at the same level and the spaces
between wires located at different levels) are filled

with insulating layers made of silicon oxide or the
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like.

In addition, no water (Hy) will flow from the
edges of the chip 48 through the cavities 31, 38 or 40
to reach the wires Wl or the wires W2 after the chip
48 is cut from the wafer 47. This is because the guard
ring G surrounds and protect the wires W1l and W2.

The semiconductor device shown in FIG. 85 can be
easily manufactured by the same method as the device
according to the ninth embodiment.

FIG. 86 shows a semiconductor device according to
the eighteenth embodiment of the present invention.

As FIG. 86 shows, a field oxide layer 22 (e.g.,

a silicon oxide lafer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The insulating layer 25 is made of, for
example, borophospho silicate glass (BPSG), phosphor
silicate glass (PSG), or the like. The upper surface
of the layer 25 has been made flat by, for example,'
chemical mechanical polishing (CMP). The insulating
layer 25 has contact holes which reach the source
region 24a and the drain region 24b. The contact holes

are filled with conductors 26a and 26b. The conductors
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26a and 26b are made of high-melting metal such as
tungsten. Alternatively, they may be made of other
material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

One wire Wl is composed of a conductor 28a and

a trough-shaped wire-protecting layer 50a.

Similarly, the other wire Wl is composed of a conductor
28a and a trough-shaped wire-protecting layer 50b.

The conductors 28a and 28b are fitted in the wire-
protecting layers 50a and 50b, respectively. They are
made of metal such as copper or aluminum alloy.

The conductors 28a and 28b can be made of material
other than copper and aluminum alloy, for example,
semiconductor such as polysilicon containing

an impurity, or high-melting metal such as tungsten.
The wire-protecting layers 50a and 50b are made of,
for example, titanium oxide, titanium-tungsten alloy,
transition metal such as platinum, alloy of transition
metal or molybdenum. They may be made of any other
material that is electrically conductive and resistant
to chemicals and that can hardly be oxidized.

On the wires W1 there is provided an insulating
layer 30. An insulating layer 29 is provided on the
lower surface of the insulating layer 30. Thus, the
wires W1 support both insulating layers 29 and 30.

Cavities 31 are provided among the wires W1.
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They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (COy). The insulating layer
29 determines the pattern of wires Wl1l; it is made

of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an important component,
defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

Mounted on the insulating layer 30 is
an insulating layer 32, which is made of, for example,
silicon oxide. The insulating layers 30 and 32 have
contact holes which reach the wires Wl1l. The contact
holes are filled with columnar conductors 33a and
33b made of high-melting metal such as tungsten.

The conductors 33a and 33b may be made of material
other than high-melting metal.

Wires W2 are provided on the insulating layer 32
and connected to the columnar conductors 33a and 33b.
Each wire W2 is comprised of a conductor and a wire-
protecting layer covering the bottom and sides of the
conductor. More precisely, one wire W2 is made of
a conductor 35a and a trough-shaped wire-protecting
layer 5la, and another wire W2 is made of a conductor
35b and a trough-shaped wire-protecting layer S1b.

The wire-protecting layers 5la and 51b. The conductors
35a and 35b are fitted in the wire-protecting layers

5la and 51b, respectively. They are made of copper,
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aluminum alloy or the like. They can be made of other
material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten. The wire-protecting layers 51a
and 51b are made of, for example, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of transition metal or molybdenum.
The wire-protecting layers 5la and 51b can be made of
any other material that is elecfrically conductive and
resistant to chemicals and that can hardly be oxidized.

On the wires W2 there is mounted an insulating
layer 37. On the lower surface of the layer 37
an insulting layer 36 is provided. The wires W2
support the insulating layers 36 and 37. Cavities 38
are provided among the wires W2. The cavities 38 are
filled with a mixture gas of mainly oxygen (0,) and
carbon dioxide (CO,). The insulating layer 36
determines the pattern of wires W2; it is made of
silicon oxide, silicon nitride or the like.
The insulating layer 37 is an important component,
defining the cavities 38 and serving as a base on which
some layers will be mounted. The layer 37 is made of
silicon oxide or the like.

In the device shown in FIG. 86, the cavities 31
provided among the wires W1, and the cavities 38
provided among the wires W2 are filled with the mixture

gas of oxygen (0O;) and carbon dioxide (COy) .
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The mixture gas has a dielectric constant of about 1.0,
which is far less than dielectric constant of silicon
oxide or the like. The semiconductor device can,
therefore, be an LSI which has a higher packing density
of elements and a better performance than in the case
where the inter-wire spaces are filled with insulating
layers made of silicon oxide or the like.

Furthermore, no water (H;) will flow from the
edges of the device chip through the cavities 31 or 38
to reach the wires W1 or the wire W2. This is because
the wire-protecting layers 50a and 50b cover and
protect the sides of at least the wires W1, and the
wire-protecting layers 5la and 51b cover and protect
the sides of at least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the heat generated in the chip.

In addition, hillocks will hardly be formed bn the
wires Wl or the wires W2. This is because the wires Wil
and W2 are covered with the wire-protecting layers 50a
and 50b and the wire-protecting layers 51a and 51b.

How the device shown in FIG. 86 is manufactured
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will be explained, with reference to FIGS. 87 to 101.

First, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 87. A MOS transistor having a gate
electrode 23, a source region 24a and a drain region
24b is formed in the element region of the substrate
21, which is surrounded by the field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface.of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with 6ther electrically conductive material
other than high-melting metal.

Next, as shown in FIG. 88, a carbon layer 39 is
formed on the insulating layer 25 by sputtering.
The carbon layer 39 is as thick as wires to be formed
in an LSI, for example about 0.2 to 0.7um. Further, as
depicted in FIG. 89, a mask layer 29 (e.g., a silicon
oxide layer or a silicon nitride layer) is formed on

the carbon layer by sputtering to a thickness of about
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0.05um. The mask layer 29 is formed not by CVD,
because the carbon layer would be eroded if it is
formed by CVD.

Then, a resist is coated on the mask layer 29 and
patterned by PEP (Photo Engraving Process). Using the
patterned resist as the mask, the mask layer 29 is
patterned. The resist is removed from the mask layer
42 patterned as shown in FIG. 90. The mask layer 29
thus patterned has the same pattern as the wires to be
formed. As shown in FIG. 91, the carbon layer 39 is
subjected to anisotropic etching, which is accomplished
by using the pattered mask layer 29 as the mask.

As a result, slits are made in the carbon layer 39.

It should be noted that the carbon layer 39 is not
etched by PEP, but etched by using the mask layer 29
patterned by means of PEP. This is because the carbon
layer 39 patterned will be removed if the resist used
in the PEP is removed by the oxygen plasma process, and
the conductors 26a and 26b (if made of high-melting
metal) will be removed if the resist is removed by
applying the solution of H,50, and H,0,. Hence, if the
conductors 26a and 26b are made of high-melting metal,
it is desired that the carbon layer 39 be etched by
using the mask layer 29 processed by PEP.

Thereafter, as shown in FIG. 92, a wire-protecting
layer 50 made of, for example, molybdenum, is formed on

the insulating layer 25 and the mask layer 29 by means
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of sputtering or CVD. Further, as shown in FIG. 93,

a metal layer 28, such as a copper layer or an aluminum
alloy layer, is formed on the wire-protecting layer 50
by sputtering or CVD. The layer 50 can be made of
other material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

Further, chemical mechanical polishing (CMP) is
performed, leaving wire-protecting layers 50a and 50b
and conductors 28a and 28b in the slits of the carbon
layer 39 as is illustrated in FIG. 94. Wires W1l are
thereby formed. The CMP may be replaced by anisotropic
etching or isotropic etching, to form the wires W1.

Next, as shown in FIG. 95, the insulating layer 30
(e.g., a silicon oxide layer) is then formed by
sputtering on the mask layer 29 and the wires Wil.

The insulating layer 30 should better be formed by
means of sputtering, not by CVD, because the carbon
layer would be eroded by the oxygen O, contained in the
reaction gas applied in CVD to form the insulating
layer 30. It is desired that the layer 30 be 0.01 to
0.1um thick if it is made of silicon oxide._ So long

as its thickness remains within this range, the layer
30 is not broken when the carbon layer is ashed.

The thickness best for the insulating layer 30 depends
on the material of the layer 30.

Then, as shown in FIGS. 96 and 97, the carbon
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layer 39 is ashed, thereby forming cavities 31 which
are filled with a mixture gas of mainly oxygen (0O,) and
carbon dioxide (CO,;). The ashing of the layer 39 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 39 in
an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 39 slowly
changes into carbon dioxide (CO,), not expanding to
break the insulating layer 29 or 30. However, it takes
a long time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,
the carbon layer 39 changes into carbon dioxide (COy)
at high speed, but may expand, possibly breaking the
insulating layers 29 and 30. Nonetheless, breakage of
the layers 29 and 30 can be prevented by modifying the
insulating layers 29 and 30 or by decreasing the
oxygen-plasma process temperature.

Next, as shown in FIG. 98, an insulating layer
32 (e.g., a TEOS layer containing fluorine) is formed
on the insulating layer 30 by means of CVD. This
insulating layer 32 has a small dielectric constant.
Further, as shown in FIG. 99, PEP (Photo Engraving
Process) and RIE (Reactive Ion Etching) are conducted
on the insulating layers 30 and 32, forming therein via
holes which reach the wires Wl. As shown in FIG. 100,
conductors 33a and 33b are formed only in the via holes

of the layers 30 and 32. The conductors 33a and 33b
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are made of high-melting metal such as tungsten are
formed in the via holes by selective growth. Instead,
they can be made of material other than high-melting
metal.

Then, as shown in FIG. 101, the wires W2 are
formed in the same way as the wires Wl are formed.

To be more specific, a carbon layer is formed by
sputtering on the insulating layer 32. This carbon
layer is as thick as wires W2. Further, a mask layer
36 (e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer by sputtering to
a thickness of about 0.05gm.

The mask layer 36 is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer are subjected to anisotropic etching, which is
accomplished by using the pattered mask layer 36 as the
mask, whereby slits are made in the carbon layer.

The wire-protecting layers 5la and 51b are formed on
the insulating layer 32 and the mask layer 36 by means
of sputtering or CVD. The wire-protecting layers 51a
and 51b are made of, for example, molybdenum.

The conductors 35a and 35b, both made of copper,
aluminum alloy or the like, are formed on the wire-
protecting layers 5la and 51b, respectively, by means
of puttering or CVD.

Chemical mechanical polishing (CMP) is carried

out, leaving the wire-protecting layers 5la and 51b and



10

15

20

25

- 170 -~

the conductors 35a and 35b in the slits made in the
carbon layer. As a result, the wires W2 are formed.
The CMP may be replaced by anisotropic etching or
isotropic etching, to form the wires W2.

This done, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the mask layer 36 and the
wires W2 by sputtering. Thereafter, the carbon layer
is ashed, thereby forming cavities 38 which are filled
with a mixture gas of mainly oxygen (0O,;) and carbon
dioxide (COy).

In this method, carbon layers are used as
insulating layers to form the wires W1l and the wires W2
and are ashed after the wires Wl and W2 have been
formed in the slits made in the carbon layers, thereby
providing cavities filled with gas. The semiconductor
device shown in FIG. 86 can, therefore, be manufactured
easily.

FIG. 102 shows a semiconductor device according to
the nineteenth embodiment of the invention.

As FIG. 102 depicts, a field oxide layer 22 (e.g.,
a silicon oxide layer) is provided on a semiconductor
substrate 21 (e.g., a silicon wafer). The substrate 21
has an element region which is surrounded by the field
oxide layer 22. Formed in the element region is a MOS
transistor which has a gate electrode 23, a source
region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
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layer 25. The insulating layer 25 is made of, for
example, borophospho silicate glass (BPSG), phosphor
silicate glass (PSG), or the like. The upper surface
of the layer 25 has been made flat by, for example,
chemical mechanical polishing (CMP). The insulating
layer 25 has contact holes which reach the source
region 24a and the drain region 24b. The contact holes
are filled with conductors 26a and 26b. The conductors
26a and 26b are made of high-melting metal such as
tungsten. Alternatively, they may be made of other
material.

Arranged on the insulating layer 25 are wires Wi,
which are connected to the conductors 26a and 26b.
One wire Wl.is composed of a conductor 28a and a
trough~shaped wire-protecting layer 50a. Similarly,
the other wire W1l is composed of a conductor 28a and
a trough-shaped wire-protecting layer 50b.
The conductors 28a and 28b are fitted in the wire-
protecting layers 50a and 50b, respectively. They are
made of metal such as copper or aluminum alloy.
The conductors 28a and 28b can be made of material
other than copper and aluminum alloy, for example,
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.
The wire~protecting layers 50a and 50b are made of, for
example, titanium oxide, titanium-tungsten alloy,

transition metal such as platinum, alloy of transition
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metal or molybdenum. They may be made of any other
material that is electrically conductive and resistant
to chemicals and that can hardly be oxidized.

- On the wires W1l there is provided an insulating
layer 30. Thus, the wires W1 suppprt the insulating
layer 30. Cavities 31 are provided among the wires W1.
They are filled with a mixture gas of mainly oxygen
(Oy) and carbon dioxide (COy). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

Mounted on the insulating layer 30 is
an insulating layer 32, which is made of, for example,
silicon oxide. The insulating layers 30 and 32 have
contact holes which reach the wires W1l. The contact
holes are filled with columnar conductors 33a and 33b
made of high-melting metal such as tungsten.

The conductors 33a and 33b may be made of material
other than high-melting metal.

Wires W2 are provided on the insulating layer 32
and connected to the columnar conductors 33a and 33b.
Each wire W2 is comprised of a conductor and a wire-
proteéting layer covering the bottom and sides of the
conductor. More precisely, one wire W2 is made of
a conductor 35a and a trough-shaped wire-protecting
layer 51a, and another wire W2 is made of a conductor

35b and a trough-shaped wire-protecting layer 51b.
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The wire-protecting layers 5la and 51b. The conductors
35a and 35b are fitted in the wire-protecting layers
51la and 51b, respectively. They are made of copper,
aluminum alloy or the like. They can be made of other
material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten. The wire-protecting layers 51la
and 51b are made of, for example, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of transition metal or molybdenum.
The wire-protecting layers 5la and 51b can be made of
any other material that is electrically conductive and
resistant to chemicals and tﬂat can hardly be oxidized.

On the wires W2 there is mounted an insulating
layer 37. The wires W2 support the insulating
layer 37. Cavities 38 are provided among the wires W2.
The cavities 38 are filled with a mixture gas of mainly
oxygen (Oj) and carbon dioxide (CO,). The insulating
layer 37 is an important component, defining the
cavities 38 and serving as a base on which some layers
will be mounted. The layer 37 is made of silicon oxide
or the like.

In the semiconductor device shpwn in FIG. 102,
the cavities 31 provided among the wires W1, and the
cavities 38 provided among the wires W2 are filled with
the mixture gas of oxygen (O9) and carbon dioxide

(COy). The mixture gas has a dielectric constant of
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about ‘1.0, which is far less than dielectric constant
of silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than in
the case where the inter-wire spaces are filled with
insulating layers made of silicon oxide or the like.

Furthermore, no water (H,) will flow from the
edges of the device chip through the cavities 31 or 38
to reach the Wires Wl or the wire W2. This is because
the wire-protecting layers 50a and 50b cover and
protect the sides of at least the wires W1, and the
wire-protecting layers 5la and Slb cover and protect
the sides of at least the wifes W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the heat generated in the chip.

In addition, hillocks will hardly be formed on the
wires W1 or the wires W2. This is because the wires W1
and W2 are covered with the wire-protecting layers 50a
and 50b and the wire-protecting layers 51la énd 51b.

How the device shown in FIG. 102 is manufactured

will be explained, with reference to FIGS. 103 to 112.
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First, the same steps as carried out as in the.
manufacture of the eighteenth embodiment, until the
insulating layer 25 is formed on the carbon layer 39.
That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 103. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21,-which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, campletely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Then, as shown in FIG. 103, a carbon layer 39 is
formed on thé insulating layer 25 by sputtering.

The carbon layer 39 is as thick as wires to be formed

in an LSI, for example about 0.2 to 0.7um. Further,
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a mask layer (e.g., a silicon oxide layer or a siliéon'
nitride layer) is formed on the carbon layer by
sputtering to a thickness of about 0.05um. The mask
layer is patterned by PEP (Photo Engraving Process) and
anisotropic etching. Using the mask layer as the mask,
the carbon layer 39 is subjected to anigotropic
etching.

The carbon layer 39 is etched not by PEP,
but by using the PEP-patterned mask layer, for the
same reason stated in the explanation of the method of
manufacturing the second embodiment. Hence, it is
desirable to etch the carbon layer 39 by using
a PEP;processed mask if the conductors 26a and 26b are
made of high-melting metal, and to etch the carbon
layer 39 by using a resist as the mask if the
conductors 26a and 26b are made of material resistant
to the solution of H,SO, and Hy0,.

Thereafter, the mask layer is removed, and
a wire-protecting layer 50 made of, for example,
molybdenum, is formed on the insulating layer 25 and
the mask layer 29 by means of sputtering or CVD.
Further, as shown in FIG. 104, a métal layer 28, such
as a copper layer or an aluminum alloy layer, is formed
on the wire-protecting layer 50 by sputtering or CVD.
The layer 50 can be made of other material, for
example, semiconductor such as polysilicon éontaining

an impurity, or high-melting metal such as tungsten.
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Next, chemical mechanical polishing (CMP) is
performed, leaving wire-protecting layers 50a and 50b
and conductors 28a and 28b in the slits of the carbon
layer 39 as is illustrated in FIG. 105. Wires Wl are
thereby formed. The CMP may be replaced by anisotropic
etching or isotropic etching, to form the wires Wl.

Next, as shown in FIG. 106, the insulating layer
30 (e.g., a silicon oxide layer) is then formed by
sputtering on the mask layer 29 and the wires W1.
The insulating layer 30 should better be formed by
means of sputtering, not by CVD, because the carbon
layer 39 would be eroded by the oxygen O, contained in
the reaction gas applied in CVD to form the insulating
layer 30. It is desired that the layer 30 be 0.01 to
0.1ym thick if it is made of silicon oxide. So long as
its thickness remains within this range, the layer 30
is not broken when the carbon layer is ashed.
The thickness best for the insulating layer 30 depends
on the material of the layer 30.

Then, as shown in FIGS. 107 and 108, the carbon

layer 39 is ashed, thereby forming cavities 31 which

.are filled with a mixture gas of mainly oxygen (0O,) and

carbon dioxide (CO5). The ashing of the layer 39 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 39

in an oxygen atmosphere at 400 to 450C for about two

hours. 1In the first method, the carbon layer 39 slowly
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changes into éarbon dioxide (CO,), not expanding to
break .the insulating layer 30. However, it takes
a 1ong'time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,
the carbon layer 39 changes into carbon dioxide (CO5)
at high speed, but may expand, possibly breaking the
insulating layer 30. Nonetheless, breakage of the
layer 30 can be prevented by madifying the insulating
layer 30 or by decreasing the oxygen-plasma process
tempefature.

Next, as shown in FIG. 109, an insulating layer
32 (e.g., a TEOS layer containing fluorine) is formed
on the insulating layer 30 by means of CVD.
This insulating layer 32 has a small dielectric
constant. Further, as shown in FIG. 110, PEP (Photo
Engraving Process) and RIE (Reactive Ion Etching) are
conducted on the insulating layers 30 and 32, forming
therein via holes which reach the wires Wl. As shown
in FIG. 111, conductors 33a and 33b are formed only in
the via holes of the layers 30 and 32. The conductors
33a aﬁd 33b are made of high-melting metal such as
tungsten are formed in the via holes by selective
growth. Instead, they caﬁ be made of material other
than high-melting metal.

Then, as shown in FIG. 112, the wires W2 are

formed in the same way as the wires W1 are formed.

To be more specific, a carbon layer is formed by
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sputtering on the insulating layer 32. This carbon
layer is as thick as wires W2. Further, a mask layer
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer by sputtering to
a thickness of about 0.05m.

The mask layer is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer are subjected to anisotropic etching, which is
accomplished by using the pattered mask layer as the
mask,.whereby slits are made in the carbon layer.

The mask layer is removed. Thén, the wire-~protecting
layers 51a and 51b are formed on the insulating layer
32 and the carbon layer by means of sputtering or CVD.
The wire-protecting layers 5la and 51b are made of, for
example, molybdenum.

The conductors 35a and 35b, both made of copper,
aluminum alloy or the like, are formed on the wire-
protecting layers 5la and 51b, respectively, by means
of puttering or CVD. Chemical mechanical polishing
(CMP) is carried out, leaving the wire-protecting
layers 5la and 51b and the conductors 35a and 35b in
the slits made in the carbon layer. As a result, the
wires W2 are formed. The CMP may bé replaced by
anisotropic etching or isotropic etching, to form the
wires W2.

This done, an insulating layer 37 (e.g., a silicon

oxide layer) is formed on the carbon layer and the
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wires W2 by sputtering. Thereafter, the carbon layer
is ashed, thereby forming cavities 38 which are filled
with a mixture gas of mainly oxygen (O;) and carbon
dioxide (COjy).

In this method, carbon layers are used as
insulating layers to form the wires W1 and the wi?es W2
and are ashed after the wires W1l and W2 have been
formed in the slits made in the carbon layers, thereby
providing cavities filled with gas. The semiconductor
device shown in FIG. 102 can, therefore, be |
manufactured easily.

In addition, each carbon layer can be ashed fast
and precisely since the mask layer is removed after the
carbon carbon layer is patterned and before the carbon
layer is ashed.

FIG. 113 shows a semiconductor device according to
the twentieth embodiment of the present invention.

As FIG. 113 illustrates, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on a semicon-
ductor substrate 21 (e.g., a silicon wafer). The
substrate 21 has an element region which is surrounded
by the field oxide layer 22. Formed in the element
region is a MOS transistor which has a gate electrode
23, a source region 24a and a drain region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,

borophospho silicate glass (BPSG), phosphor silicate



10 -

15

20

25 .

- 181 -

glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.
Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.
One wire W1 is composed of a conductor 28a and
a trough-shaped wire-protecting layer 50a. Similarly,
the other wire W1 is composed of a conductor 28b and a
trough-shaped wire-protecting layer 50b. The conductors
28a and 28b are fitted in the wire-protecting layers
50a and 50b, respectively. They are made of metal such
as copper or aluminum alloy. The conductors 28a and
28b can be made of material other than copper and
aluminum alloy, for example, semiconductor such aé
polysilicon containing an impurity, or high-melting
metal such as tungsten. The wire-protecting layers 50a
and 50b are made of, for example, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of trahsition metal or molybdenum.
They may be made of any other material that is
electrically conductive and resistant to chemicals and

that can hardly be oxidized.
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On the wires W1l there is provided an insulating
layer'30. An insulating layer 29 is mounted on the
1§wex_surface of the insulating layer 30. Thus, the

wires Wi support the insulating layers 29 and 30.

_Cavi%ies 31 are provided among the wires Wl. They are

fill%giwith a mixture gas of mainly oxygen (O,) and
cérbon dioxide (CO,). The insulating layer 29
determines the pattern of wires W2; it is made of
silicon oxide, silicon nitride or the like. The
insuiating layer 30 is an important component, defining
the cavities 31 and serving as a base on which some
layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl1. Wires W2 are provided which have
lower ends fitted in the contact holes of the
insulating layer 30. The wires W2 are connected to the
wires Wl. Each wire W2 is comprised of a conductor and
a wire-protecting layer covering the bottom and sides‘
of the conductor. More precisely, one wire W2 is made
of a qonductor 35a and a trough-shaped wire-protecting
layer 5la, and another wire W1 is made of a conductor
35b and a trough-shaped wire-protecting layer S51b.

The wire-protecting layers 5la and 51b. The conductors
35a and 35b are fitted in the wire-protecting layers
5la and 51b, respectively. They are made of copper,

aluminum alloy or the like. They can be made of other



10

15

20

25

- 183 -

material, for example, semiconductor such as

polysilicon containing an impurity, or high-melting

metal such as tungsten. The wire-protecting layers 51la

and Sib are made of, for example, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of transition metal or molybdenum.

The wire-protecting layers 5la and 51b can be made of
any other material that is electrically conductive and
resistant to chemicals and that can hardly be oxidized.

As seen from FIG. 113, each wire W2 consists of
a colﬁmnar lower portion and a strip-shaped upper
portion. 'The wires W2 support an insulating layer 43
(e.g., a silicon oxide layer), each at the junction
between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided among the lowe;
portions of the wires W2 and between the insulating
layers 30 and 43. The cavitieé 40 are filled with
a mixture gas of mainly oxygen (0;) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the
insuléting layers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (03) and
carbon dioxide (CO5).

The cavities 31, 38 and 40 may be filled with air,
not the mixture gas. This can be accomplished by

making, in the package encapsulating the device, holes
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which connects the cavities 31 and 38 to the
atmosphere.

In the semiconductor device shown in FIG. 113, the
cavities 31 provided among the wires W1, the cavities
40 provided among the lower portions of the wires W2
and the cavities 38 provided among the upper portions
of the wires W2 are filled with the mixture gas of
oxygen (Ojy) and carbon dioxide (COj). The mixture gas
has a dielectric constant of about 1.0, which is far
less than dielectric constant of silicon oxide or the
like. The semiconductor device can, therefore, be
an LSI which has a higher packing density of elements
and a better performance than in the case where the
inter-wire spaces (i.e., the cavities among the wires
located at the same level and those located at
different levels) are filled with inéulating layers
made of siiicon oxide or the like.

Furfher, no water (Hy) will flow from the edges of
the device chip through the cavities 31, 38 or 40 to
reach the wires Wl dr the wire W2. This is because the
wire-protecting layers 50a and 50b cover and protect
the sides of at least the wires W1, and the wire-
protecting layers 5la and 51b cover and protect the
sides of at least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,

in the package encapsulating the device, holes which
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connects the cavities 31 and 38 to the atmosphere.
The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the heat generated in the chip.

Moreo;er, hillocks will hardly be formed on the
wires W1 or the wires W2. This is because the wires Wl
and W2 are covered with the wire-protecting layers 50a
and 50b and the wire-protecting layers 5la and 51b.

How the device shown in FIG. 102 is manufactured
will be explained, with reference to FIGS. 114 to 119.

First, the same steps as carried out as in the
manufacture of the eighteenth embodiment, until the
insulating layer 25 is formed on the carbon layer 39.
That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 103. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

The insﬁlating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo

Engraving Process) is conducted, making in the layer 25
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contact holes which reach the source region 24a and:
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such a§ tungsten
are formed by selective growth in the contact holes of

the insulating layer 25. The contact holes may be

‘filled with other electrically conductive material

other than high-melting metal.

Then, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed in an LSI, for example about 0.2
to 0.7um. Further, a mask layer 29 (e.g., a silicon
oxide layer or a silicon nitride layer) is formed on
the carbon layer by sputtering to a thickness of about
0.05um. The mask layer 29 is patterned by PEP (Photo
Engraving Process) and anisotropic etching. Using the
mask iayer 29 as the mask, the carbon layer is
subjected to anisotropic etching.

The carbon layer is etched not by PEP, but by
using the PEP-patterned mask layer 29, for the same
reason stated in the explanation of the method of
manufacturing the second embodiment. Hence, it is
desirable to etch the carbon layer by using the
PEP-processed mask 29 if the conductors 26a and 26b are
made of high-melting metal, and to etch.the carbon
layer by using a resist as the mask if the conductors
26a and 26b are made of material resistant to the

solution of HZSO4 and H202.
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Thereafter, the wire-protecting layers 50a and

50b, both made of, for example, molybdenum, are formed

on the mask layer 29 and in the slits formed in the
carbon layer by means of sputtering or CVD. Further,
the conductors 28a and 28b, made of copper aluminum
alloy layer, are formed on the wire-protecting layers
50a and 50b by sputtering or CVD. The conductors 28a
and 28b can be made of other material, for example,
semiconductor such as polysilicon containing

an impurity, or high-melting metal such as tungsten or
tantalum,

ﬁext, chemical mechanical polishing (CMP) is
performed, leaving the wire-protecting layers 50a and
50b and the conductors 28a and 28b in the slits of the
carbon layer. Wires W1l are thereby formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires ﬁl.

Next, the insulating layer 30 (e.g., & silicon
oxide layer) is then formed by sputtering on the mask
layer 29 and the wires W1l. The insulating layer 30
should better be formed by means of sputtering, not by
CVD, because the carbon layer 39 would be eroded by the
oxygeﬁ O, contained in the reaction gas applied in CVD
to form the insuléting layer 30. It is desired that
the layer 30 be 0.01 to 0.1um thick if it is made of
silicon oxide. So long as its thickness remains within

this range, the layer 30 is not broken when the carbon
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layer‘is ashed. The thickness best for the insulating‘
layer 30 depends on the material of the layer 30.

Then, the carbon layer is ashed, thereby forming
cavities 31 which are filled with a mixture gas of
mainly oxygen (0O,) and carbon dioxide (COj;).

After thé wires W1l have been thus formed, a carbon
layer 41 is formed by sputtering on the insulating
layer 30. Further, an insulating layer 43 (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer 41 by sputtering to a
thickness of about 0.05pum. The insulating layer 43
should better be formed by means of sputtering, not by

CVD, because the carbon layer 41 would be eroded by the

oxygen O, contained in the reaction gas applied in CVD

to form the insulating layer 43. The layer 43 should
be 0.01 to 0.1um thick if it is made of silicon oxide.
So long as its thickness remains within this range, the
layer 43 is not broken when the carbon layer is ashed.
The thickness most desirable for the insulating layer
43 depends on the material of the layer 43.

Next, a carbon layer 44 is formed on the
insulating layer 43 by sputtering. The carbon layer
44 is patterned, forming slits in the layer 44.

The carbon layer 44 may be patterned by one of two
alternative methods. The first is to perform PEP
(Photo Engraving Process) and RIE. The second is to

perform PEP and use a mask prepared by RIE.
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In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. More specifically,
a resist 45 is formed on the carbon layer 44 and is
patterned, anisotropic etching is carried out on the
carbon layer 44, by using the resist 45 as the mask,
thereby forming slits in the layer 44. A solution of
HyS04 and Hy0, is applied, removing the resist 45.

It should be noted that the resist 45 is not removed by
oxygen plasma process, which would erode the carbon
layer 44.

Then, as shown in FIG. 115, a resist 46 is formed
on the carbon layer 44 and patterned. Using the_resist
46 as the mask, anisotropic etching is conducted on_
the insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.

This done, H,S50, and Hy0, are applied, removing the
resist 46. The resist 46 is removed not by oxygen
plasma process, which would erode the carbon layer 44.

As shown in FIG. 116, the insulating layer 30 is
subjected to anisotropic etching, thereby forming via
holes in the layer 30, which reach the wires Wl.

A wire-protecting layer 51 made of, for example,
molybdenum is formed by sputtefing or CVD, in the via
holes of the layer 30, the via holes of the carbon
layer 41, the via holes of the insulating layer 43 and
the slits of the carbon layer 44 and on the carbon

layer 44. Further, a metal layer 35 made of copper,
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aluminum alloy or the like is formed on the wire-
protecting layer 51 by either sputtering or CVD.

Next, as seen from FIG. 117, chemical mechanical
polishing (CMP) is performed on the metal layer 35 and
the wire-protecting layer 51, thereby forming wire-
proteéting layers 51a ana 51b and conductors 35a and
35b -- all in the via holes of the insulating layer 30,
carbon layer 41 and insulating layer 43 and in the
slits of the carbon layer 44. Thus, wires W2 are
provided, each consisting of a wire-protecting layer
and a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide layef)'is formed on the carbon layer 44 by
sputtering to a thickness af about 0.05m.

The insulating layers 37 and 43 should be 0.01 to 0.1:m
thick if they are made of silicon oxide. So long as
their-thickness remains within this range, the
insulating léyers 37 and 43 are not broken when the
carbon layers 41 and 44 are ashed. The thickness most
desirable for the insulating layer 37 and the thickness
optimal for the insulating layer 43 depend on the
materials of fhe layers 37 and 43.

Then, as shown in FIGS. 118 and 119, the carbon
layers 41 and 44 are simultaneously ashed by heat

treatment in an oxygen atmosphere or by oxygen plasma

process. The carbon layer 41 is thereby changed into

cavities 40, and the carbon layer 44 changed into
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cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (O,) and carbon dioxide
(COy).

In the method described above, carbon layers are
used as insulating layers having slits or via holes,
for forming the wires W1l and the wires W2. They are
ashed after the wires W1l and W2 are formed in the slits
and via holes, thereby forming gas-filled cavities.

In addition, the method has far less steps than the
methods according to the second to seventh embodiments
since the wires W2 are directly connected to the wires
W1, without using contact plugs.

Hence, a semiconductor device can be manufactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(Oy) and oxide dioxide (CO,), and the spaces among the
wires located at different lévels are also filled with
air or a mixture gas of oxygen (0O,) and oxide dioxide
(COj).

FIG. 120 shows a semiconductor device according to
the twenty-first embodiment of the invention.

As seen from FIG. 120, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on

a semiconductor substrate 21 (e.g., a silicon wafer).

The substrate 21 has an element region which is

surrounded by the field oxide layer 22. Formed in

the element region is a MOS transistor which has
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a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 245. The contact holes are filled
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alterhatively, they may be made of other material.

Arranged on the insulat;ng layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

One wire W1l is composed of a conductor 28a and

a trough-shaped wire-protecting layer 50a. Similarly,
the other wire W1 is composed of a conductor 28b

and a trough-shaped wire-protecting layer S50b.

The conductors 28a and 28b are fitted in the wire-
protecting layers 50a and 50b, respectively.

They are made of metal such as copper or aluminum
alloy. The conductors 28a and 28b can be made of
material other than copper and aluminum alloy, for
example semiconductor such as polysilicon containing
an impurity, ér high-melfing metal such as tungsteh.

The wire-protecting layers 50a and 50b are made of, for
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example, titanium oxide, titanium-tungsten alloy,
transition metal such as platinum, alloy of transition
metal or molybdenum. They may be made of any other
material that is electrically conductive and resistant
to chemicals and that can hardly be oxidiéed.

On the wires ﬁi there is provided an insulating
layer 30. Thus, the wires W1 support the insulating
layer 30. Cavities 31 are provided among the wires W1.
They are filled with a mixture gas of mainly oxygen
(O2) and carbon dioxide (CO;). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Wires W2 are provided which have
lower ends fitted in the contact holes of the
insulgting layer 30. The wires W2 are connected to the
wires Wl. Each wire W2 is comprised of a conductor and
a wire-protecting layer covering the bottom and sides
of the conductor. More precisely, one wire W2 is made
of a conductor 35a and a trough-shaped wire-protecting
layer 51a, and another wire W1 is made of a conductor
35b and a trough-shaped wire-protecting layer 51b.

The conductors 35a and 35b are fitted in the wire-
protecting layers 5la and 51b, respectively. They are
made of copper, aluminum alloy or the like. They can

be made of other material, for example, semiconductor
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such as polysilicon containing an impurity, or high-
melting metal such as tungsten or tantalum. The wire-
protecting layers 5la and 51b are made of, for example,
titanium oxide, titanium-tungsten alloy, transition
metal such as platinum, alloy of transition metal or
molybdenum. The wire-protecting layers Sla-and 51b can
be made of any other material that is electrically
conductive and resistant to chemicals and that can
hardly be oxidized.

As seen from FIG. 120, each wire W2 consists of
é columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43
(e.g.; a silicon oxide layer), each at the junction
between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37. Cavities 40 are provided émong the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (O5) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper portions of the wires W2 and between the insulat-
ing layers 37 and 43. The cavities 38 are filled with
a mixture gas of mainly oxygen (O,) and carbon dioxide
(COy).

In the semiconductor device shown in FIG. 120, the
cavities 31 provided among the wires Wl, the cavities

40 provided among the lower portions of the wires W2
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and the cavities 38 provided among the upper portions
of the wires W2 are filled with the mixture gas of
oxygen (0Op) and carbon dioxide (CO,). The mixture gas
has a dielectric constant of about 1.0, which is far
less than dielectric constant of silicon oxide or the
like. The semiconductor device can, therefore, be an
LSI which has a higher packing density of elements and
a better performance than in the case where the inter-
wire spaces (i.e., the cavities among the wires located
at the same level and those located at different
levels) are filled with insulating layers made of
silicon oxide or the like.

Eurther, no water (Hy) will flow from the edges of
the device chip through the cavities 31, 38 or 40 to
reach the wires W1l or the wire W2. This is because the
wire-protecting layers 50a and 50b cover and protect
the sides of at least the wires W1, and the_wire-
protecting layers 5la and 51b cover and protect the
sides of at least the wires W2. |

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can

efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to

the heat generated in the chip.



10

15

20

25

- 196 -

Moreover, hillocks will hardly be formed on the
wires W1 or the wires W2. This is because the wires W1l
and Wé are covered with the wire-protecting layers 50a
and 50b and the wire-protecting layers 5l1a and 51b.

It will be explained how the device shown in
FIG. 120 is manufactured, with reference to FIGS. 121
to 126. |

First, the same steps as carried out as in the
manufacture of the nineteenth embodiment, until the
wires W1 are formed on the insulating layer 25.

That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 121. A MOS transistor having

a gaté electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the enfire surface of the substrate

21, completely covering the MOS transistor. The upper

surface of the layer 25 is rendered flat by means of

chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and

drain region 24b of the MOS transistor. The conductors

26a and 26b made of high-melting metal such as tungsten

are formed by selective growth in the contact holes of
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the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Then, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed in an LSI, for example about 0.2
to 0.7um. Furfher, a mask layer (e.g., a silicon
oxidellayer or a silicon nitride layer) is formed on
the carbon layer by sputtering to a thickness of about
0.05um. The mask layer is patterned by PEP (Photo
Engraving Process) and anisotropic etching. Using the
mask layer as the mask, the carbon layer is subjected
to anisotropic etching. -

The carbon layer is etched not by PEP, but by
using the PEP-patterned mask layer, for the same
reason stated in the explanation of the method of
manufacturing the second embodiment. Hence, it is
desirable to etch the carbon layer by using the
PEP-pfocessed mask if the conductors 26a and 26b are
made of high-melting metal, and to etch the carbon
layer by using a resist as the mask if the conductors
26a and 26b are made of material resistant to the
solution of Hy50, and H,0,.

Thereafter, the mask layer is removed, and the
wire-protecting layers 50a and 50b, both madé of, for
example, molybdenum, are formed on the insulating layer

25 and in the slits formed in the carbon layer, by
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means of sputtering or CVD. Further, the conductors
28a and 28b, made of copper aluminum alloy layer, are
formed on the wire-protecting layers 50a and 50b by
sputtering or CVD. The conductors 28a and 28b can be
made of other material, for example, semiconductor such
as polysilicon containing an impurity,.or high-melting
metal such as tungsten or tantalum.

Next, chemical mechanical polishing (CMP) ié
performed, leaving the wire-protecting layers 50a and
50b and the conductors 28a and 28b in the slits of the
carbon layer. Wires W1 are thereby formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires Wl.

Next, the insulating layer 30 (e.g., a silicon

- oxide layer) is then formed by sputtering on the mask

layer and the wires W1l. The insulating layer 30 should
better be formed by means of sputtering, not by CVD,
because the carbon layer would be eroded by the oxygen
0, contained in the reaction gas applied in CVD to form
the insulating layer 30. It is desired that the layer
30 be 0.01 to 0.1um thick if it is made of silicon
oxide. So long as its thickness remains within this
range, the layer 30 is not broken when the cafbon layer
is ashed. The thickness best for the insulating layer
30 depends on the material of the layer 30.

Then, the carbon layer is ashed, thereby forming

cavities 31 which are filled with a mixture gas of
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mainly oxygen (0O;) and carbon dioxide (CO3).

After the wires W1l have been thus formed, a carbon
layer'4i is formed by sputtering on the insulating
layer 30. Further, an insulating layer 43 (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer 41 by sputtering to

a thickness of about 0.05mm. The insulating layer 43
should better be formed by means of sputtering, not by
CVD, because the carbon layer 41 would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 43. The layer 43 should
be 0.01 to 0.1um thick if it is made of silicon oxide.
So long as its thickness remains within this range, the
layer 43 is not broken when the carbon layer is ashed.
The tﬁickness most desirable for the insulating layer
43 depends on the material of the layer 43.

Next, a carbon layer 44 is formed on the insulat-
ing layer 43 by éputtering. The carbon layer 44 is
patterned, forming slits in the layer 44. The carbon
layer 44 may be patterned by one of two alternative
methods. The first is to perform PEP (Photo Engraving
Process) and RIE. The second is to perform PEP and use
a mask prepared by RIE.

In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. To state more
speéifically, a resist 45 is formed on the carbon layer

44 and is patterned as shown in FIG. 121. Anisotropic
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etching is carried out on the carbon layer 44, by using
the resist 45 as the mask, thereby forming slits in the
layer 44. A solution of H,SO, and H,0, is applied,
removing the resist 45. It should be noted that the
resist 45 is not removed by oxygen plasma process,
which would erode the carbon layer 44.

Then, as shown in FIG. 122, a resist 46 is formed
on the carbon ;ayer 44 and patterned. Using the resist
46 as the mask, anisotropic etching is conducted on
the insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.

This done, HySO; and H;0, are applied, removing the
resist 46. The resist 46 is removed not by oxygen
plasma proéess, which would erode the carbon layer 44.

As shown in FIG. 123, the insulating layer 30 is
subjected to anisotropic etching, thereby forming via
holes in the layer 30, which reach the wires Wl.

A wire-protecting layer 51 made of, for example,
molybdenum is formed by sputtering or CVD, in the via
holes.of the layer 30, the via holes of the carbon
layer 41, the via holes of the insulating layer'43 and
the slits of the carbon layer 44 and on the carbon
layer 44. Further, a metal layer 35 made of copper,
aluminum alloy or the.like is formed on the wire-
protecting layer 51 by either sputtering or CVD.

Next, as seen from FIG. 124, chemical mechanical

polishing (CMP) is performed on the metal layer 35 and



10

15

20

25

- 201 -

the wire-protecting layer 51, thereby forming wire-
protecting layers 5la and Sib and conductors 35a and
35b -- all in the via holes of the insulating layer 30,
carbon layer 41 and'insulating layer 43 and in the
slits of the carbon layer 44. Thus, wires W2 are
provided, each cons&sting of a wire-protecting layer
and a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the carbon layer 44 by
sputtering to a thickness of about 0.05/m.

The insulating layers 37 and 43 should be 0.01 to 0.1lum
thick if they are made of silicon oxide. So long as
their thickness remains within this range, the
insulating layers 37 and 43 are not btoken when the
carbon layers 41 and 44 are ashed. The thickness most
desirable for the insulating layer 37 and the thickness
optimal for the insulating layer 43 depend on the
materials of the layers 37 and 43.

Then, as shown in FIGS. 125 and 126, the carbon
layeré 41 and 44 are simultaneously ashed by heat
treatment in an oxygen atmosphere or by oxygen plasma
process. The carbon layer 41 is thereby changed into
cavities 40, and the carbon layer 44 changed into
cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (O,) and carbon dioxide
(COqy) -

In the method described above, carbon layers are



10

15

20

25

- 202 -

used as insulating layers having slits or via holes,
for forming the wires Wl and the wires W2. They are
ashed after the wires Wl and W2 are formed in the slits
and via holes, thereby forming gas-filled cavities.

In addition, the method has far less steps than the
methods according to the second to seventh embodiments
since the wires W2 are directly connected to the wires
W1l, without using contact plugs.

Hence, a semiconductor device can be manufactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(Oy) and oxide dioxide (COjy), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (0O,) and oxide dioxide
(COyz) .

In addition, each carbon layer can be ashed fast
and precisely since the mask layer is removed after the
carbon carbon layef is patterned and before the carbon
layer is ashed.

FIG. 127 shows a semiconductor device according to
the twenty-second embodiment of the invention.

As seen from FIG. 127, a field oxide layer
22 (e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate Zi has an element region which is
surrounded by the field oxide layer 22. Formed in

the element region is a MOS transistor which has



10

15

20 .

25

- 203 -

a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
boropﬁospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical
mechanical polishing (CMP). The insulating layer 25
has contact holes which reach the source region 24a and
the drain region 24b. The contact holes are filied
with conductors 26a and 26b. The conductors 26a and
26b are made of high-melting metal such as tungsten.
Alternatively, they may be made of other material.

Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.

One wire Wl is composed of a conductor 28a and

a wire-protecting layer 50a cbvering the sides of

the conductor 28a. Similarly, the other wire W1l is
composed of a conductor 28b and a wire-protecting

layer 50b covering the sides of the conductor 28b.

The conductors 28a nd 28b are made of metal such as
copper or aluminum alloy. They can be made of material
other than copper and aluminum alloy, for example
semiconductor such as pélysilicon containing

an impurity, or high-melting metal such as tuﬁgsten.
The wire~protecting layers 50a and 50b are made of, for

example, titanium oxide, titanium-tungsten alloy,
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transition metal such as platinum, alloy of transition
metal or molybdenum. They may be made of any other
material that is electrically conductive and resistant
to chemicals and that can hardly be oxidized.

On the wires Wl there is provided an insulating
layer 30. An insuiating layer 29 is provided on the
lower surface of the insulating layer 30. Thus, the
wires W1 support the insulating layers 29 and 30.
Cavities 31 are provided among the wires Wl.

They are filled with a mixture gas of mainly oxygen
(Oz) and carbon dioxide.(CO,). The insulating layer

29 determines the pattern of wires W2; it is made

of silicon oxide, silicon nitride or the like.

The insulating layer 30 is an importaﬁt component,
defining the cavities 31 and ser&ing as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

Mounted on the insulating layer 30 is
an insulating layer 32, which is made of, for example,
silicon oxide. The insulating layers 30 and 32 have
contaét holes which reach the wires Wl. The contact
holes are filled with conductors 33a and 33b made of
high-melting metal such as tungsten. The conductors
33a and 33b may be made of material other than high-
melting metal.

Wires W2 are provided on the insulating layer 32

and connected to the conductors 33a and 33b. Each wire
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W2 is comprised of a conductor and a wire-protecting
layer covering the and sides of the conductor.
More precisely, one wire W2 is made of a conductor
35a and a wire-protecting layer 5la covering the
sides of the conductor 35a, and another wiré W2
is made of a conductor 35b and a wire-protecting
layer 51b covering the sides of the conductor 35b.
The conductors 35a and 35b are made of copper, aluminum
alloy or the like. They can be ﬁade of other material,
for example, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten. The wire-protecting layers 5l1a and 51b are
made of, for example, insulating material such as
silicon oxide or silicon nitride, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of transition metal, or molybdenum.
The wire-protecting layers 5la and 51b can be made of
any other material that is electrically conductive and
resistant to chemicals and that can hardly be oxidized.
On the wires W2 there is mounted an insulating
layer '37. On the lower surface of the layer 37 an
insulting layer 36 is provided. The wires W2 support
the insulating layers 36 and 37. Cavities 38 are
provided among the wires W2. The cavities 38 are

filled with a mixture gas of mainly oxygen (0Oy) and

carbon dioxide (CO,). The insulating layer 36

determines the pattern of wires W2; it is made of
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silicon oxide, silicon nitride or the like.

The insulating layer 37 is an important component,
defining the cavities 38 and serving as a base on which
some layers will be mounted. The layer 37 is made of
silicon oxide or the like.

- In the semiconductor device shown in FIG. 127,

the cavities 31 provided among the wires W1l and the
cavities 38 provided among the upper portions of the
wirés W2 are filled with the mixture gas of oxygen (0,)
and carbon dioxide (CO,). The mixture gas has

a dielectric constant of about 1.0, which is far less
than dielectric constant of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and

a better performance than in the case where the inter-
wire spaces are filled with insulating layers made of
silican okide or the like.

In addition, no water (H,) will flow from the
edges of the device chip through the cavities 31 or 38
to reach the wires W1 or the wire W2. This is because
the wire-protecting layers 50a and 50b cover and
protect the sides of at least the wires Wl, and the
wire-protecting layers 5la and 51b cover and protect
the sides of at least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,

in the package encapsulating the device, holes which
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connects the cavities 31 and 38 to the atmosphere.
The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the heat generated in the chip.

Moreover, hillocks will hardly be formed on the
sides of the wires Wl or the wires W2. This is because
the wires W1 and W2 are coveréd with the wire-protecting
layers 50a and 50b and the wire-protecting layers 51la
and 51b.

It will be explained how the device shown in
FIG. 127 is manufactured, with reference to FIGS. 128
to 142.

At first, the field oxide layer 22 is formed on
the semiconductor substrate 21 by LOCOS method, as is
shown in FIG. 128. A MOS transistor having a gate
electrode 23, a source region 24a and a drain region
24b is formed in the element region of the substrate
21, which is surrounded by the field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, cdmpletely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25

contact holes which reach the source region 24a and

drain region 24b of the MOS transistor. The conductors
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26a and 26b made of high-melting metal such as tungstén
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Then, a carbon layer 39 is formed on the
insulating layer 25 by sputtering as is shown in
FIG. 129. The carbon layer 39 is as thick as wires to
be formed in an LSI, for example about 0.2 to 0.7mm.
Further, as shown in FIG. 130, a mask layer 29 (e.qg.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer by sputtering to a thickness
of about 0.05um. The mask layer 29 is formed not by
CVD, in order to prevent the erosion of the the carbon
layer 39.

As shown in FIG. 131, the mask layer 29 is
patterned by PEP (Photo Engraving Process) and
anisotropic etching. Thus patterned, the mask layer 29
defines the pattern of the wires to be formed. Using
the mask layer 29 as.the mask, the carbon layer 39 is
subjected to anisotropic etching, as illustrated in
FIG. 132.

The carbon layer 39 is etched not by PEP, but by
using the PEP-patterned mask layer. This is because

the carbon layer 39 patterned will be removed if the

. resist used in the PEP is removed by the oxygen plasma

process, and the conductors 26a and 26b (if made of
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high-melting metal) will be removed if the resist is
removed by applying the solution of H,SO, and H,0,.
Hence, if the conductors 26a and 26b are made of high-
melting metal, it is desired that the carbon layer 39
be etched by using the mask layer 29 processed by PEP.

Thereafter, a wire-protecting layer made of, for
example, silicon oxide, is formed on the insulating
layer 25 and the mask layer 29 and in the slits made
in the carbon layer 39 by means of sputtering or CVD.
The wire-protecting layer is etched, forming the wire-
protecting layers 50a and 50b which are provided on the
vertical surfaces of the slits formed in the carbon
layer 39, as is illustrated in FIG. 133.

As shown in FIG. 134, a metal layer 28, such as
a copper layer or ah aluminum alloy layer, is formed by
sputtering or CVD on the mask layer 29 and in the slits
of the carbon layer 39, covering the exposed portion of
the iﬁsulating layer 25 and the wire-prétecting layers
50a and 50b. The metal layer 28 can be made of other
material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten.

Next, chemical mechanical polishing (CMP) is
performed, leaving wire-protecting layers 50a and 50b
and conductors 28a and 28b in the slits of the carbon
layer 39 as is illustrated in FIG. 135. Wires Wl are

thereby formed. The CMP may be replaced by anisotropic
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etching or isotropic etching, to form the wires Wl.

Next, as shown in FIG. 136, ihe insulating layer
30 (e.g., a silicon oxide layer) is then formed by
sputtering on the mask layer 29 and the wires W1.

The insulating layer 30 should better be formed by
means of sputtering, not by CVD, because the carbon
layer 39 would be eroded by the oxygen O, contained in
the reaction gas applied in CVD to form the insulating
layer 30. It is desired that the layer 30 be 0.01 to
0.1um thick if it is made of silicon oxide. So long
as its thickness remains within this range, the layer
30 is not broken when the carbon layer is ashed.

The thickness optimal for the insulating layer 30
depends on the material of the layer 30.

Then, as shown in FIGS. 137 and 138, the carbon
layer 39 is ashed, thereby forming cavities 31 which
are filled with a mixture gas of mainly oxygen (0p) and
carbon dioxide (CO,). The ashing of the layer 39 can
be accomplished by either of two alternative methods.

The first method is to heat the carbon layer 39 in
an oxygen atmosphere at 400 to 450C for about two
hours. In the first method, the carbon layer 39 slowly
changes into carbon dioxide (COy), not expanding to
break the insulating layer 29 or 30. However, it takes
a long time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,

the carbon layer 39 changes into carbon dioxide (COy)
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at high speed, but may expand, possibly breaking the
insulating layer 29 and 30. Nonetheless, breakage of
the layers 29 and 30 can be prevented by modifying the
insulating layer 30 or by decreasing the oxygen-plasma
process temperature.

Next, as shown ih FIG. 139, an insulating
layer 32 (e.g., a TEOS layer containing fluorine) is
formed on the insulating layer 30 by means of CVD.
This insulating layer 32 has a small dielectric
constant. Further, aé shown in FIG. 140, PEP (Photo
Engraving Process) and RIE (Reactive Ion Etching) are
conducted on the inéulatihg layers 30 and 32, forming
therein via holes which reach the wires W1l. As shown
in FIG. 141, conductors 33a and 33b are formed only in
the via holes of the layers 30 and 32. The conductors
33a and 33b are made of high-melting metal such as
tungsten are formed in the via holes by selective

growth. 1Instead, they can be made of material other

than high-melting metal.

Then, as shown in FIG. 142, the wires W2 are
formed in the same way as the wires W1 are formed.'
To be more specific, a carbon layer is formed by
sputtéring on the insulating layer 32. This carbon
layer is as fhick as wires W2. Further, a mask layer
36 (e.g., a silicon oxide layér or a silicon nitride
layer) is formed on the carbon layer by sputtering to

a thickness of about 0.05um.
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The mask layer 36 is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer are subjected to anisotropic etching, which is
accomplished by using the pattered mask layer as the
mask, whereby slits are made in the carbon layer.

Then, the wire-protecting layers 51a and 51b, both made
of silicon oxide, are formed on inner surfaces of the
slits made in the carbon layer by sputtering or CVD and
RIE.

The conductors 35a and 35b, both made of copper,
aluminum alloy or the like, are formed by sputtering
or CVD on the wire-protecting layers 5la and 51b,
respectively, and also on the carbon layer. Chemical
mechanical polishing (CMP) is performed, leaving the

wire-protecting layers 5la and 51b and the conductors

35a and 35b in the slits made in the carbon layer.

As a result, the wires W2 are formed. The CMP may be
replaced by anisotropic etching or isotropic etching,
to form the wires W2,

This done, an insulating layer 37 (e.g., a silicoﬁ
oxide layer) is formed on the carbon layer and the
wires W2 by sputtering. Thereafter, the carbon layer
is ashed, thereby forming cavities 38 which are filled
with a mixture gas of mainly oxygen (O,) and carbon
dioxide (CO,p).

In the method just described, carbon layers are

used as insulating layers to form the wires W1 and
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the wires W2 and are ashed after the wires W1l and W2
have been formed in the slits made in the carbon
layers, thereby providing cavities filled with gas.
The semiconductor device shown in FIG. 127 can,
therefore, be manufactured easily.

FIG. 143 illustrates a semiconductor device

according to the twenty-third embodiment of the present

invention.

As seen from FIG. 143, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element iegion is a MOS transistor which has
a gate elect;ode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphot silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by, for example, chemical

mechanical polishing (CMP). The insulating layer 25

has contact holes which reach the source region 24a and

the drain region 24b. The contact holes are filled -

‘with conductors 26a and 26b. The conductors 26a and

26b are made of high-melting metal such as tungsten.

Alternatively, they may be made of other material.
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Arranged on the insulating layer 25 are wires W1,
which are connected to the conductors 26a and 26b.
One wire Wl is composed of a conductor 28a and a wire-
protecting layer 50a covering the sides of the
conductor 28a. The other wire W1l is cémposed of
a conductér 28b and a wire-protecting layer 50b
covering the sides of the conductor 28b. The
conductors 28a and 28b are made of metal such as copper
or aluminum alloy. They can be made of material other
than copper and aluminum alloy, for example
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.
The wire-protecting layers 50a and 50b are made. of, for
example, insulating material such as silicon oxide or
silicon nitride, titanium oxide, titanium-tungsten
alloy, transition metal such as platinum, alloy of
transition metal, or molybdenum. They may be made of
any other material that is electrically conductive and
resistant to chemicals and that can hardly be oxidized.

On the wires W1l there is provided an insulating
layer 30. Hence, the wires W1 support the insulating
layer 30. Ca&ities 31 are provided among the wires W1l.
They are filled with a mixture gas of mainly oxygen
(O2) and carbon dioxide (CO3). The insulating layer .30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.

The'layer 30 is made of'silicon oxide or the like.
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Mounted on the insulating layer 30 is
an insulating layer 32, which is made of, for example,
silicon oxide. The insulating layers 30 and 32 have
contact holes which reach the wires Wl. The contact
holes are filled with conductors 33a and 33b made of
high-melting metal such as tungsten. The conductors
33a and 33b may be made of material other than high-
melting metal.

ﬁires W2 are provided on the insulating layer 32
and connected to the conductors 33a and 33b. Each wire
W2 is comprised of a conductor and a wire-protecting
layer covering the and sides of the conductor.
More precisely, one wire W2 is made of a conductor 35a
and a wire-protecting layer 5la covering the sides of
the conductor 35a, and another wire W2 is made of
a conductor 35b and a wire-protecting layer 51b
covering the sides of the conductor 35b. The conductors
35a and 35b are made of copper, aluminuﬁ alloy or
the like. They can be made of other material, for
exampie, semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsteﬁ.
The wire-protecting layers 5l1a and 51b are méde of, for
example, insulating material such as silicon o#ide or
silicon nitride, titanium oxide, titanium-tungsten
alloy, transition metal such as platinum, alloy of
traﬁsition metal, or molybdenum. The wire-protecting

layers 5l1a and 51b can be made of any other material



10

15

20

25

- 216 -

that is electrically conductive and resistant to
chemicals and that can hardly be oxidized.

On the wires W2 there is mounted an insulating
layer 37. Thus, the wires W2 support the insulating
layer 37. Cavities 3é are provided among the wires W2.
The cavities 38 are filled with a mixture gas of mainlf
oxygen (O,) and carbon dioxide (CO,). The insulating
layer 37 is an importanﬁ component, defining the
cavities 38 and serving as a base on which some layers
will be mounted. The layer 37 is made of silicon oxide
or the like.

In the semiconductor device shown in FIG. 143,
the cavities 31 provided among the wi;es W1l and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (05)
and carbon dioxide (COy). The mixture gas has
a dielectric constant of about 1.0, which is far less
than dielectric constant of silicon oxide of the like.
The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance than in the casé where the inter-
wire spaces are filled with insulating layers made of
silicon oxide or the like.

Further, no water (H,) will flow from the edges of

the device chip through the cavities 31 or 38 to reach

the wires W1 or the wire W2. This is because the wire-

protecting layers 50a and 50b cover and protect the
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sides of at least the wires W1, and the wire-protecting
layers 5l1la and 51b cover and protect the sides of at
least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the heat generated in the chip.

Moreover, hillocks will hardly be formed on the
wires W1l or the wires W2. This is because the sides
of the wires W1 and W2 are covered with the wire-
protecting layers 50a and 50b and the wire-protecting
layers 5la and 51b.

It will be explained how the device shown in
FIG. 143 is manufactured, with reference to FIGS. 144
to 153.

At first, the same steps as carried out as in the
manufacture of the eighteenth embodiment, until the
carbon layer 39 is formed on the insulating layer 25.
That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is shown
in FIG. 144. A MOS transistor having a gate electrode
23, a source region 24a and a drain region 24b is

formed in the element region of the substrate 21, which
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is surrounded by the field oxide layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is cohducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive material
other than high-melting metal.

Then, a carbon layer 39 is formed on the
insulating layer 25 by sputtering as is shown in
FIG. 144. The carbon layer 39 is as thick as wires to
be formed in an LSI, for example about 0.2 to 0.7um.
Further, a mask layer (e.g., a silicon oxide layer or
a silicon nitride layer) is formed on the carbon layer
39 by-sputtering to a thickness of about 0.05um.

The mask layer is patterned by PEP (Photo Engraving
Process) and anisotropic etching. Using the mask layer
as the mask, the carbon layer 39 is etched by
anisotropic etching.

The carbon layer 39 is etched not by PEP, but

by using the PEP-patterned mask layer, for the same
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reason stated in the explanation of the method of
manufacturing the second embodiment. Hence, it is
desirable to etch the carbon layer by using the PEP-
processed mask if the conductors 26a and 26b are made
of high—melting metal, and to etch the carbon layer by
using a resist as the mask if the conductors 26a and
26b are made of material resistant to the solution of
Hy,S04 and Hy0,.

Thereafter, the mask layer is removed, and a wire-
protecting layer 50 made of, for examplé, silicon oxide
is formed on the insulating layer 25 and in the slits
formed in the carbon layer 39, by means of sputtering
or CVD. Then, as shown in FIG. 145, the layer 50 is
etched by RIE, forming wire-protecting layers 50a and
50b on the inner sides of the slits made in the carbon
layer~39. Further, a metal layer 28, such as a copper
layer or an aluminum alloy layer,'is formed by
sputtering or CVD on the carbon layer 39 and in the
slits thereof. The metal layer 28 can be.made of other
material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such aé tungsten or tantalum. |

Next, chemical mechanical polishing (CMP) is
performed, leaving wire-protecting layers 50a and. 50b
and conductors 28a and 28b in the slits of the carbon
layer 39 as is illustrated in FIG. 146. Wires Wl are

thereby formed. The CMP may be replaced by anisotropic
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etching or isotropic etching, to form the wires W1.
Then, as shown in FIG. 137, the insulating layer
30 (e.g., a silicon oxide layer) is then formed by
sputtering on the carbon layer 39 and the wires W1l.
The insulating layer 30 should better be formed by
means-of sputtering, not by CVD, because the carbon
layer 39 would be eroded by the oxygen O, contained in
the reaction gas applied in CVD to form the insulating
layer 30. It is desired that the layer 30 be 0.01 to
0.1um thick if it is made of silicon oxide. So long
as its thickness remains within this range, the layer
30 is not broken when the carbon layer is ashed.
The thickness best for the insulating layer 30 depends
on the material of the layer 30.

Then, as shown in FIGS. 148 and 149, the carbon

layer -39 is ashed, thereby forming cavities 31 which’

are filled with a mixture gas of mainly oxygen (0,) and
carbon dioxide (CO;). The ashing of the layer 39 can
be accomplished by either of two alternative methods.
The first method is to heat the.carbon layer 39 in
an oxygen atmosphere at 400 to 450C for about two
hours. In the first method, the carbon layer 39 slowly
changes into carbon dioxide (COy), not expanding to
break the insulating layer 30. However, it takes
a long time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,

the carbon layer 39 changes into carbon dioxide  (CO5)
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at high speed, but may expand, possibly breaking the
insulating layer 30. Nonetheless, breakage of the
layer 30 can be prevented by modifying the insulating
layer 30 or by decreasing the oxygen-plasma process
temperature.

Next, as shown in FIG. 150, an insulating layer
32 (e.g., a TEOS layer containing fluorine) is formed
on the insulating layer 30 by means of CVD. This
insulating layer 32 has a small dielectric constant.
Further, as shown in FIG. 151, PEP (Photo Engraving
Process) and RIE (Reactive Ion Etching) are conducted
on the insulating layers 30 and 32, forming therein via
holes which reach the wires Wl. As shown in FIG. 152,
conductors 33a and 33b are formed only in the via holes
of the layers 30 and 32. The conductors 33a and 33b
are made of high-melting metal such as tungsten or |
tantalum are formed in the via holes by selective
growth. Instead, they can be made of material other
than high-melting metal.

Then, as shown in FIG. 153, the wires W2 are
formed in the same way as the wires W1l are formed.
To be more specific, a carbon layer is .formed by
sputtering on the insulating layer 32. This carbon
layer is as thick as wires W2. Further, a mask layer
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer by sputtering to

a thickness of about 0.05um.
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The mask layer is patterned by PEP (Photo
Engraving Process) and anisotropic etching. The carbon
layer are subjected to anisotropic etching, which is
accomplished by using the pattered mask layer as the
mask, whereby slits are made in the carbon layer.

Then, the wire-protecting layers 5la and 51b, both made
of silicon oxide, for example, are formed on inner
surfaces of the slits made in the carbon layer by
sputtering or CVD and RIE.

The conductors 35a and 35b, both made of copper,
alumiﬁum alloy or the like, are formed by sputtering
or CVD on the wire-protecting layers 51a and 51b,
respectively, and also on the carbon layer. Chemical
mechanical polishing (CMP) is performed, leaving the
wire-protecting layers 5la and 51b and the conductors
35a and 35b in the slits made in the carbon layer.

As a result, the wires W2 are formed.

This done, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the carbon layer and the
wires W2 by sputtering. Thereafter, the carbon layer
is ashed, thereby forming cavities 38 which are filled
with é mixture gas of mainly oxygen (O2) and carbon
dioxide (CO,).

In this method, carbon layers are used as

insulating layers to form the wires W1 and the wires

‘W2 and are ashed after the wires W1 and W2 have been

formed in the slits made in the carbon layers, thereby
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providing cavities filled with gas. The semiconductor
device shown in FIG. 143 can, therefore, be
manufactured easily.

FIG. 154 shows a semiconductor device according to
the twenty-fourth embodiment of the invention..

As seen from FIG. 154, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by means of, for example,
chemical mechanical polishing (CMP). The insulating
layer 25 has contact holes which reach the source
region 24a and the drain region 24b. The contact holes
are filled with conductors 26a and 26b. The conductors
26a and 26b are made of high-melting metal such as
tungsten. Alternatively, they may be made of other
material.

Arranged on the insulating layer 25 are wires Wi,

which are connected to the conductors 26a and 26b.
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One wire W1l is composed of a conductor 28a and
a wire-protecting layer 50a covering the sides of the
conductor 28a. Similarly, the other wire Wl is
composed of a conductor 28b and a wire-protecting
layer 505 covering the sides of the conductor 28b.
The conductors 28a and 28b are made of metal such as
copper or aluminum alloy. They can be made of material
other than copper and aluminum alloy, for example
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.
The wire-protecting layers 50a and 50b are made of, for
example, insulating material such as silicon oxide or
silicon nitride, titanium oxide, titanium-tungsten
alloy, transition metal such as platinum, alloy of
transition metal, or molybdenuﬁ. They may be made of
any other material that is electrically conductive and
resistant to chemicals and that can hardly be oxidized.
On the wires Wl there is provided an insulating
layer 30. An insulating layer 29 is mounted on the
lower surface of the insulating layer 30. Thus, the
wires W1 support the insulating layers 29 and 30.
Cavities 31 are provided among the wires Wl. They are
filled with a mixture gas of mainly oxygen (0,) and
carbon dioxide (CO,). The insulating layer 29
determines the pattern of wires Wl; it is made of
silicon oxide, silicon nitride or the 1like.

The insulating layer 30 is an important component,
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defining the cavities 31 and serving as a base on which
some layers will be mounted. The layer 30 is made of
silicon oxide or the like.

The insulating layers 28 and 30 have contact holes
which reach the wires W1l. Wires W2 are provided which
have lower ends fitted in the contact holes of the
insulating layers 29 and 30. The wires W2 are
connected to the wires Wl. Each wire W2 is comprised
of a conductor and a wire-protecting layer covering the
sides of the conductor. More precisely, one wire W2 is
made of a conductor 35a and a wire-protecting layer
5la, and another wire Wl is made of a conductor 35a
and a wire-protecting layer 51b. The layer 5la covers
the sides of the conductor 35a, and the layer 51b the
sides of the conductor 35b. The conductors 35a and 35b
are made of copper, aluminum alloy or the like.

They can be made of other materiél, for example,
seﬁiconductor such as polysilicon containing

an impurity, or high-melting metal such as tungsten or
tantalum. The wire-protecting layers 51a and 51b are
made of, for example, insulating material such as
silicon oxide or silicon nitride, titanium oxide,
titanium-tungsten alloy, transition metal such as
platinum, alloy of transition metal, or molybdenum.
The wire-protecting layers 5la and 51b can be made of
any other material that is electrically conductive and

resistant to chemicals and that can hardly be oxidized.
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As seen from FIG. 154, each wire W2 consists of
a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43
(e.g., a silicon oxide layer), each at the junction
between the ldwer and upper portions.

On the wires W2 there is mounted an insulating
layer -37. Cavities 40 are provided among the lower
portions of the wires W2 and between the insulating
layers 30 and 43. The cavities 40 are filled with
a mixture gas of mainly oxygen (O5) and carbon dioxide
(COy). Further, cavities 38 are provided among the
upper.portions of the wires W2 and between the
insulating layers 37 and 43. The cavities 38 are
filled with a mixture gas of mainly oxygen (07) and
carbon dioxide (CO,).

In the semiconductor device shown in FIG. 154,
the cavities 31 provided among the wires W1, and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (0Oy)

and carbon dioxide (CO,). Further, the cavities 40

‘provided among the lower portions of the wires W2 are

filled with the mixture gas of oxygen (O3) and carbon
dioxide (COy). The mixture gas has a dielectric
constant of about 1.0, which is far less than
dielectric constant of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI

which has a higher packing density of elements and
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a better performance than in the case where the inter—
wire spaces (i.e., the cavities among the wires located
at the same level and those located at different
levels) are filled with insulating layers made of
silicon oxide or the like.

Further, no water (H,) will flow from the edges of
the device chip through the cavities 31, 38 or 40 to
reach the wires W1l or the wire W2. This is because the
wire-protecting layers 50a and 50b cover and ﬁrotect
the sides of at least the wires W1, and the wire-
protecting layers 5la and 51b cover and protect the
sides of at least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The sémiconductor device scarcely makes errors due to
the heat generated in the chip.

Moreover, hillocks will hardly be formed on the
wires Wi or the wires W2. This is because the sides of
the wires W1 and W2 are covered with the wire-
protecting layers 50a and 50b and the wire-protecting
layers 51a and 51b. |

How the device shown in FIG. 154 is manufactured

will be explained, with reference to FIGS. 155 to 160.
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First, the same steps as carried out as in the
manufacture of the twenty-second embodiment, until
the wires W1 are formed on the insulating layer 25.
That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 155. A MOS fransistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

- The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of
the insulating layer 25. The contact holes may be
filled with other electrically conductive méterial
other than high-melting metal.

Then, a carbon layer is formed on the insulating
layer 25 by sputtering. The carbon layer is as thick
as wires to be formed in an LSI, for example about 0.2

to 0.7um. Further, a mask layer 29 (e.g., a silicon
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oxide layer or a silicon nitride layer) is formed on
the carbon layer by sputtering to a thickness of about
0.05ym. The mask layer 29 is patterned by PEP (Photo
Engraving Process) and anisotropic etching. Using the
mask layer 29 as fhe mask, the carbon layer is
subjected to anisotroéic etching.

The carbon layer is etched not by PEP, but
by using the PEP-patterned mask layer, for the same
reason stated in the explanation of the method of
manufacturing the second embodiment. Hence, it is
desirable to etch the carbon layer by using the
PEP-processed mask if the conductors 26a and 26b are
made 6f high-melting metal, and to etch the carbon
layer by using a resist as the mask if the conductors
26a and 26b are made of material resistant to the
solution of H,SO04 and Hy0,.

Thereafter, a wire-protecting layer made of, for
example, silicon oxide, is formed on the carbon layer
and in the slits formed in the carbon layer, by means
of sputtering or CVD. The wire-protecting layer is
etched, forming wire-protecting layers 50a and 50b on
the inner surfaces of the slits. Further, the
EOnductors 28a and 28b, made of copper aluminum alloy
layer; are formed on the wire-protecting layers S50a
and 50b by sputtering or CVD. The conductors 28a
and 28b can be made of other material, for example,

semiconductor such as polysilicon containing
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an impurity, or high-melting metal such as tungsten or
tantalum.

Next, chemical mechanical polishing (CMP) is
performed, leaving the wire-protecting layers 50a and
50b and the conductors 28a and 28b in the slits of the

carbon layer. Wires W1 are thereby formed. The CMP

may be replaced by anisotropic etching or isotropic

etching, to form the wires Wl1.

Next, the insulating layer 30 (e.g., a silicon
oxide layer) is then formed by sputtering on the mask
layer 29 and the wires Wl. The insulating layer 30
should better be formed by means of sputtering, not by
CVD, because the carbon layer would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 30. It is desired that
the layer 30 be 0.01 to 0.1wm thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 30 is not broken when the carbon
layer is ashed. The thickness most desirable for the
insulating layer 30 depends on the material of the
layer 30.

Then, the carbon layer is ashed, thereby forming
cavities 31 which are filled with a mixture gas of
mainly oxygen (O,) and carbon dioxide (CO;).

After the wires W1l have been thus formed} a carbon
layer 41 is formed by sputtering on the insﬁlating

layer 30. Further, an insulating layer 43 (e.gq.,
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a silicon oxide layer) is formed on the carbon layer 41
by sputtering to a thickness of about 0.05um.
The insulating layer 43 should better be formed by

means of sputtering, not by CVD, because the carbon

layer 41 would be eroded by the oxygen O, contained in

the reaction gas applied in CVD to form the insulating
layer 43. The layer 43 should be 0.01 to 0.1lum thick
if it is made of silicon oxide. So long as its
thickness remains within this range, the layer 43

is not broken when the carbon layer is ashed.

The thickness best for the insulating layer 43 depends
on the material of the layer 43.

Negt, a carbon layer 44 is formed on the
insulating layer 43 by sputtering. The carbon layer
44 is patterned, forming slits in the layer 44.

The carbon layer 44 may be patterned by one of two
alternative methods. The first is to perform PEP
(Photo Engraving Process) and RIE. The second is to
perform PEP and use a mask prepared by RIE.

In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. More specifically,
a resist 45 is formed on the carbon layer 44 and is
patterned as shown in FIG. 155. Anisotropic etching is
carried out on the carbon layer 44, by using the resist
45 as the mask, thereby forming slits in the layer 44.
A solution of H,S0, and Hy05 is applied, removing the

resist 45. It should be noted that the resist 45 is
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not removed by oxygen plasma process, which would erode
the carbon layer 44.

Then, as shown in FIG. 156, a resist 46 is
formed on the carbon layer 44 and patterned. Using the
resist 46 as the mask, anisotropic etching is conducted
on the insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.

This done, H,SO, and H,0, are applied, removing the
resist 46. The resist 46 is removed not by oxygen
plasma process, which would erode the carbon layer 44.

As shown in FIG. 157, the insulating layer 30 is
subjected to anisotropic etching, thereby forming via
holes in the layer 30, which reach the wires Wl.

A wire-protecting layer made of, for example, silicon
oxide, is formed by sputtering or CVD, in the via holes
of the layer 30, the via holes of the carbon layer 41,
the via holes of the insulating layer 43 and the slits
of the carbon layer 44 and on the carbon layer 44.
Further, a metal layer 35 made of copper, aluminum
alloy or the like is formed on the wire-protecting
layer.by either sputtering or CVD.

Next, as seen from FIG. 158, chemical mechanical
polishing (CMP) is performed on the metal layer 35 and
the wire-protecting layer, thereby forming wire-
protecting layers 5la and 51b and conductors 35a and
35b -- all in the via holes of the insulating layer 30,

carbon layer 41 and insulating layer 43 and in the
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slits of the carbon layer 44. Thus, wires W2 are
provided, each consisting of ‘a wire-protecting layer
and a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the carbon layer 44 by
sputtering to a thickness of about 0.05um.

The insulating layers 37 and 43 should be 0.01 to 0.1m
thick if they are made of silicon oxide. So long as
their th;ckhess remains within this range, the
insuléting layers 37 and 43 are not broken when the
carbon layers 41 and 44 are ashed. The thickness most
desirable for the insulating layer 37 and the thickness
optimal for the insulating layer 43 depend on the
materials of the layers 37 and 43.

Then, as shown in FIGS. 159 and 160, the carbon
layers 41 and 44 are simultaneously ashed by heat
treatment in an oxygen atmosphere or by oxygen plasma
process. The carbon layer 41 is thereby changed into
cavities 40, and the carbon layer 44 changed into
cavities 38. The cavities 38 and 40 are filled with
a mixture gas of mainly oxygen (Oy) and carbon dioxide
(COy). | '

In this method, carbon layers are used as
insulating layers having slits or via holes, for
forming the wires W1 and the wires W2. They are ashed
aftér the wires W1l and WZ are formed in the slits and

via holes, thereby forming gas-filled cavities.
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In addition, the method has a relatively small number
of steps since the wires W2 are directly connected to
the wires Wl, without using contact plugs.

Hence, a semiconductor device can be manufactured,
in which the spaces among the wires located at the same
level are filled with air or a mixture gas of oxygen
(O2) and oxide dioxide (CO,), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (Oy) and oxide dioxide
(COy) .

FIG. 161 shows a semiconductor device according to
the twenty-fifth embodiment of the present invention.

As seen from FIG. 161, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. . Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 245 and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG), phosphor silicate
glass (PSG), or the like. The upper surface of the
layer 25 has been made flat by means of, for example,
chemical mechanical polishing (CMP). The insulating

layer 25 has contact holes which reach the source
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region 24a and the drain region 24b. The contact holes
are filled with conductors 26a and 26b. The conductors
26a and 26b are made of high-melting metal such as
tungsten. Alternatively, they may be made of other
material.

Arranged on the insulating layer 25 are wires ﬁl,
which are connected to the conductors 26a and 26b.
One wire W1l is composed of a conduétor 28a and a wire-
protecting layer 50a covering ﬁhe sides of the
conductor 28a. Similarly, the other wire Wl is
composed of a conductor 28b and a wire-protecting
layer 50b covering the sides of the conductor 28b.
The conductors 28a and 28b are made of metal such as
copper or aluminum alloy. They can be made of material
other than copper and aluminum alloy, for example
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten or
tantalum. The wire-protecting layers 50a and 50b are
made of, for examplej insulating material such as
silicon oxide or silicon nitride, titanium oxide,
titanium-tungsten alloy, transition metal such as
platiﬁum, alloy of transition metal, or molybdenum.
They may be made of any other material that is
electrically conductive and resistant to chemicals and
that can hardly be oxidized. |

On the wires W1 there is provided an insulating

layer 30. Thus, the wires Wl support the insulating
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layer 30. Cavities 31 are pfovided among the wires Wil.
They are filled with a mixture gas of mainly oxygen
(O3) and carbon dioxide (CO,;). The insulating layer 30
is an important component, defining the cavities 31 and
serving as a base on which some layers will be mounted.
The layer 30 is made of silicon oxide or the like.

The insulating layer 30 has contact holes which
reach the wires Wl. Wires W2 are provided which have
lower ends fitted in the contact holes of the
insulating layer 30 and which are connected to the
wires Wl. Each wire W2 is comprised of a conductor
and a wire-protecting layer covering the sides of the
conductor. More precisely, one wire W2 is made of
a conductor 35a and a wire-protecting layer 5la, and
another wire W1l is made of a conductor 35a and a wire-
protecting layer 51b. The layer 5la covers the sides
of the conductor 35a, and the layer S51b the sides of
the conductor 35b. The conductors 35a and 35 b are
made of copper, aluminum alloy or the like. They can
be made of other material, for example, semiconductor
such as polysilicon containing an impurity, or
high-melting metal such as tungsten or tantalum.

The wire-protecting layers 5la and 51b are made of, for
example, insulating material such as silicon oxide or

silicon nitride, titanium oxide, titanium-tungsten

alloy, transition metal such as platinum, alloy of

transition metal, or molybdenum. The wire-protecting
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layers Sla and 51b can be made of any other material
that is electrically conductive and resistant to
chemicals and that can hardly be oxidized.

As seen from FIG. 161, each wire W2 consists of
a columnar lower portion and a strip-shaped upper
portion. The wires W2 support an insulating layer 43

(e.g., a silicon oxide layer), each at the junction

- between the lower and upper portions.

On the wires W2 there is mounted an insulating
layer 37 (e.g., a silicon oxide layer). Cavities 40
are provided among the lower portions of the wires
W2 and between the insulating layers 30 and 43.

The cavities 40 are filled with a mixture gas of mainly
oxygen (O,) and carbon dioxide (CO,). Further,
cavities 38 are provided among the upper portions

of the wires W2 and between the insulating layers 37 .
and 43. The cavities 38 are filled with a mixture gas
of mainly oxygen (0O,) and carbon dioxide (CO,).

In the semiconductor device shown in FIG. 161,
the cavities 31 provided amoﬁg the wires W1, and the
cavities 38 provided among the upper portions of the
wires W2 are filled with the mixture gas of oxygen (07)
and carbon dioxide (COy). Further, the cavities 40
prqvided among the lower portions of the wires W2 are

filled with the mixture gas of oxygen (O3) and carbon

dioxide (CO,). The mixture gas has a dielectric

constant of about 1.0, which is far less than
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dielectric constant of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and

a better performance than in the case where the inter-
wire spaces (i.e., the cavities among the wires located
at the same level and those located at different
levels) are filled with insulating layers made of
silicon oxide or the like.

Further, no water (Hy) will flow from the edges of
the device chip through the cavities 31, 38 or 40 to
reach the wires W1l or the wire W2. This is because the
wire-protecting layers 50a and 50b cover and protect
the sides of at least the wires W1, and the wire-
protecting layers Sla and 51b cover and protect the
sides of at least the wires W2.

The cavities 31 and 38 may be filled with air, not
the mixture gas. This can be accomplished by making,
in the package encapsulating the device, holes which
connects the cavities 31 and 38 to the atmosphere.

The air can circulate in each cavity and can
efficiently dissipate heat from the device chip.

The semiconductor device scarcely makes errors due to
the héat generated in the chip.

Moreover, hillocks will hardly be formed on the
wires Wl or the wires W2. This is because the sides
of the wires W1l and W2 are covered with the wire-

protecting layers 50a and 50b and the wire-protecting
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1ayeré 51la and 51b.

How the device shown in FIG. 161 is manufactured
will be explained, with reference to FIGS. 162 to 167.

First, the same steps as carried out as in the
manufacture of the twenty-second embodiment, until
the wires W1 are formed on the insulating laye£ 25.
That is, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 162. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21{ which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed oh the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
contact holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the contact holes of

the insulating layer 25. The contact holes may be

filled with other electricélly conductive material

other than high-melting metal.

Then, a carbon layer is formed on the insulating
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layer 25 by sputtering. The carbon layer is as thick

as wires to be formed in an LSI, for example about 0.2
to 0.7pm. Further, a mask layer (e.g., a silicon
oxide layer or a silicon nitride layer) is formed on
the carbon layer by sputtering to a thickness of about
0.05/m. The mask layer is pattersed by PEP (Photo
Engraving Process) and anisotropic etching. Using the
mask layer as the mask, the carbon layer is subjected
to anisotropic etching.

The carbon layer is etched not by PEP, but
by using the PEP-patterned mask layer, for the same
reason stated in the explanation of the method of
manufacturing the second embodiment. Therefore,
it is desirable to etch the carbon layer by using the
PEP-processed mask if the conductors 26a and 26b are
made 6f high-melting metal, and to etch the carbon
layer by using a resist as the mask if the conductors
26a and 26b are made of material resistant to the
solution of Hy504 and H;0,.

Thereafter, the mask layer is removed, and the
wire-protecting layers 50a and 50b, both made of,
for example, silicon oxide, are formed on the inner
surfaces of the silts made in the carbon layer, by
means.of sputtering or CVD. Further, the conductors

28a and 28b, made of copper aluminum alloy layer,

.are formed on the carbon layer and on the wire-

proteéting layers 50a and 50b by sputtering or CVD.
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The conductors 28a and 28b can be made of other
material, for example, semiconductor such as
polysilicon containing an impurity, or high-melting
metal such as tungsten'or tantalum.

Next, chemical mechanical polishing (CMP) is
performed, leaving the Qire-protecting layers 50a and
50b and the conductors 28a and 28b in the slits of the
carbon ‘layer. Wires Wl are thereby formed. The CMP
may be replaced by anisotropic etching or isotropic
etching, to form the wires Wl.

Next,ithe insulating layer 30 (e.g., a silicon
oxide layer) is then formed by sputtering on the mask
layer 29 and the wires Wl. The insulating layer 30
should better be formed by means of sputtering, not by
CVD, because the carbon layer would be eroded by the
oxygen O, contained in the reaction gas applied in CVD
to form the insulating layer 30. It is desired that
the layer 30 be 0.01 to 0.1um thick if it is made of
silicon oxide. So long as its thickness remains within
this range, the layer 30 is not broken when the carbon
layer is ashed. The thickness most desirable for the
insulating layer 30 depends on the material of the
layer 30.

Then, the carbon layer is ashed, thereby forming
cavities 31 which are filled with a mixture gas of
mainly oxygen (0O,) and carbon dioxide (C0,).

After the wires W1 have been thus formed, a carbon
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layer 41 is formed by sputtering on the insulating
layer 30. Further, an insulating layer 43 (e.g.,

a silicon oxide layer) is formed on the carbon layer
41 by sputtering to a thickness of about 0.05um.

The insulating layer 43 should better be formed by
means of spﬁttering, not by CVD, because the carbon
layer 41 would be eroded by the oxygen O, contained in
the reaction gas applied in CVD to form the insulating
layer 43. The layer 43 should be 0.01 to 0.lum thick
if it is made of silicon oxide. So long as its
thickness remains within this range, the layer 43

is not broken when the carbon layer is ashed.

The thickness best for the insulating layer 43 depends
on the material of the layer 43.

Next, a carbon layer 44 is formed on the
insulating layer 43 by sputtering. The carbon layer
44 is patterned, forming slits in the layer 44.

The carbon layer 44 may be patterned by one of two
alternative methods. The first is to perform PEP
(Photo Engraving Process) and RIE. The second is to
perform PEP and use a mask prepared by RIE.

In the present embodiment, the carbon layer 44 is
patterned by means of PEP and RIE. More specifically,
a resist 45 is formed on the carbon layer 44 and is
patterned as shown in FIG. 162. Anisotropic etching is
carried out on-the carbon layer 44, by using the resist

45 as the mask, thereby forming slits in the layer 44.
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A solution of H,S0, and Hy0, is applied, removing the
resist 45. It should be noted that the resist 45 is
not removed by oxygen plasma process, which would erode
the carbon layer 44.

Then, as shown in FIG. 163, a resist 46 is formed
on-the carbon layer 44 and patterned. Using the resist
46 as the mask, anisotropic etching is conducted
on thé insulating layer 43 and the carbon layer 41,
thus forming via holes in these layers 43 and 41.

This done, H,50, and H,0, are applied, removing the
resist 46. The resist 46 is removed not by oxygen
plasma process, which would erode the carbon layer 44.

As shown in FIG. 164, the insulating layer 30 is

subjected to anisotropic etching, therebylforming via
holes.in the layer 30, which reach the wires Wl.
The wire-protecting layers S5la and 51b, both made of,
for example, silicon oxide, are formed by sputtering
or CVD, on the inner surfaces of the the via holes of
the léyer 30, carbon layer 41 and insulating layer 43
and on the inner surfaces of the slits of the carbon
layer 44. Further, a metal layer 35 made of copper,
aluminum alloy or the like is formed in the the via
holes of the layer 30, carbon layer 41 and insulating
layer 43, in the slits of the carbon layer 44, and on
the carbon layer 44.

Next, as seen from FIG. 65, chemical mechanical

polishing (CMP) is performed, leaving the
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wire-protecting layers 5la and 51b and the conductors
35a and 35b in the via holes of the insulating layer
30, carbon layer 41 and insulating layer 43 and in the
slits §f the carbon layer 44. Thus, wires W2 are
provided, each consisting of a wire-protecting layer
and a conductor.

Further, an insulating layer 37 (e.g., a silicon
oxide layer) is formed on the carbon layer 44 by
sputtering to a thickness of about 0.05m.

The insulating layers 37 and 43 should be 0.01 to 0.1lum
thick if they are made of silicon oxide. So long as |
their thickness remains within this range, the
insulating layers 37 and 43 are not broken when the
carbon layers 41 and 44 are ashed. The thickness most
desirable for the insulating layer 37 and the thickness
optimal for the insulating layer 43 depend on the
materials of the layers 37 and 43.

Then, as shown in FIGS. 166 and 167} the carbon
layers 41 and 44 are simultaneously ashed by heat
treatment in an oxygen atmosphere or by oxygen plasma

process. The carbon layer 41 is thereby changed into

-cavities 40, and the carbon layer 44 changed into

cavities 38. The cavities 38 and 40 are filled with
a mixture gas of main;y oxygen (O,) and carbon dioxide
(CO,y).

In the method described above, carbon layers are

used as insulating layers having slits or via holes,
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for forming the wires W1 and the wires W2. They are
ashed after the wires W1l and W2 are formed in the slits
and via holes, thereby forming gas-filled cavities.
Further, the method has a relatively small number of
steps since the wires W2 are directly connected to the
wires W1, without using contact plugs.

Hence, a semiconductor device can be manufactured,
in which the spaces among the wires located-at the same
level are filled with air or a mixture gas of oxygen
(Oy) and oxide dioxide (CO,), and the spaces among the
wires located at different levels are also filled with
air or a mixture gas of oxygen (0,) and oxide dioxide
(COy) .

In addition, each carbon layer can be ashed fast
and precisely since the mask layer is removed after the
carbon carbon layer is patterned and before the carbon
1ayer.is ashed. |

FIG. 168 shows a semiconductor device according to
the twenty-sixth embodiment of the invention.

As FIG. 168 shows, an insulating layer 25 is
provided on a semiconductor substrate 21 (e.g.,

a silicon wafer). Wires W1l are provided on the
insuiating layer 25. Each wire W1 is composed of

a conductor and a trough—shaped barrier layer covering
the sides and bottom of the conductor. To state more
precisely, one wire W1 is formed of a barrier layer 27a

and a conductor 28a, and another wire W1 a barrier
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layer 27b and a conductor 28b. The barrier 1ayers 27a
and 27b are made of composed of a titanium layer and
a titanium nitride layer provided on the titanium layer.
The conductors 28a and 28b are made of, for example,
copper, aluminum alloy or the like. 1Instead, they may
be made of semiconductor such_as polysilicon layer or
high—ﬁelting metal such as tungsten.

The wires W1 are spaced apart by a distance H.
A dummy wire D1 is provided between the wires Wl.
The dummy line D1 is comprised of a conductor 28d and
a trough-shaped barrier layer 27d covering the sides
and bottom of the conductor 28d. The barrier layer 27d
is composed of a titanium layer and a titanium nitride
layer provided on the titanium layer. The conductor
28d is made of, for example, copper, aluminum alloy or
the like. Alternatively, the conductor 28d may be made

of semiconductor such as polysilicon layer or high-

“melting metal such as tungsten.

Mounted on the wires Wl and the dummy wire D1 is
an insulatiﬁg layer 30. An insulating layer 29 is
provided on the lower surface of the insulating layer
30. The layers 29 and 30 are supported by the wires Wil
and the dummy wire D1. Cavities 31 are provided among
the wires W1l and the dummy wire D1. The cavities 31
are filléd with a mixture gas of mainly oxygen (O3) and
carbon dioxide (CO,).

The dummy wire D1 supports the insulating layers
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29 and 30, preventing them from collapsing into the
cavities 31, and does not perform the function of
ordinary wires. The insulating layer 29 defines the
pattern of the wires W1l; it is made of, for example,
silicon oxide or silicon nitride. The insulating layer
30 is an important component, defining the cavities 31-
and functioning as a base on which some layers will be
mounted. The layer 30 is made of silicon oxide or the
like.

On the insulating layer 30 an insulating layer 32
is provided, which is made of, for example, silicon
oxide. Wires W2 are provided on the insulating
layer 32. Each wire W2 is composed of a conductor and
a trough-shaped barrier layer covering the sides and
bottom of the conductor. More specifically, one wire
W2 is formed of a barrier layer 34a and a conductor
35a, and another wire W1l a barrier layer 34b and
é conductor 35b. The barrier layers 34a and 34b are
made of composed of a titanium layef and a titanium
nitride layer provided on the titanium layer.

The conductors 35a and 35b-are made of, for example,
copper, aluminum alloy or the like. Instead, they may
be made of semiconductor such as polysilicon layer or
high-melting metal such as tungsten.

The wires W2 are spaced apart by a distance H.

A dummy wire D2 is provided between the wires W2.

The dummy line D2 is comprised of a conductor 35d and
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a trough-shaped barrier layer 34d covering the sides
and bottom of the conductor 35d. The barrier layer 34d
is composed of a titanium layer and a titanium nitride
layer provided on the titanium layer. The conductor
35d is made of, for example, copper, aluminum alloy or
the like. Instead, the conductor 25d maf be made of
semiconductor such as polysilicon layer or high-melting
metal such as tungsten.

Provided on the wires W2 and the dummy wire D2 is
an insulating layer 37. An insulating layer 36 is
mounted on the lower surface of the insulating
layer 37. The layers 36 and 37 are supported by the
wires W2 and the dummy wire D2. Cavities 38 are
provided among the wires W2 and the dummy wire D2.

The cavities 38 are filled with a mixture gas of mainly
oxygen (O,) and carbon dioxide (COy).

The dummy wire D2 supports the insulating layers
36 and 37, preventing them from collapsing into the
cavities 38, and does not perform the function of
ordinary wires. The insulating layer 36 defines the
pattern of the wires W2; it is made of, for example,
silicon oxide or silicon nitride. The insulating layer
37 is an important component, defining the cavities 38
and functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or the
like.

As illustrated in FIG. 168, the cavities 31



10

15

20

25

- 249 -

provided among the wires W1l and dummy wire D1 and the
cavities 38 provided among the wires W2 and dummy wire
D2 are filled with the mixture gas of oxygen (0O,) and
carbon dioxide (CO,). The mixture gas has a dielectric
constant of about 1.0, which is far less than that of
silicon oxide or the like. The semicondﬁctor device
can, therefore, be an LSI which has a higher packing
densiﬁy of elements and a better performance than

an LSI in which the inter-wire spaces are filled with
insulating layers made of silicon oxide or the like.

Furthermore, the dummy wire D1 provided between
the wires W1, and the dummy wire D2 between the wires
W2. Hence, the dummy wires D1 and D2 prevent the wires
Wl and W2 from collapsing down into the cavities 31 .or
38 even if the distance H between the wires W1l and
between the wires W2 is relatively long.

FIG. 169 illustrates a semiconductor device
according to the twenty-seventh embodiment of the
present invention.

As FIG. 169 shows, an insulating layer 25 is
provided on a semiconductor substrate 21 (e.qg.,

a silicon wafer). Wires W1 are provided on the
insulating layer 25. Each wire Wl is composed of

a conductor and a trough-shaped barrier layer covering
the sides and bottom of the conductor. To state more
precisely, one wire W1 is formed of a barrier layer 27a

and a conductor 28a, and another wire W1 a barrier
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layer 27b and a conductor 28b. The barrier layers 275"
and 27b are made of composed of a titanium layer and

a titanium nitride layer provided on the titanium
layer. The conductors 28a and 28b are made of, for
example, copper, aluminum alloy or the like. Instead,
they may be made of semiconductor such as polysilicon-
layer or high-melting metal such as tungsten.

The wires W1l are spaced apart by a distance H.

A dummy wire D1 is provided between the wires W1.

The dummy line D1 is comprised of a conductor 28d and

a trough-shaped barrier layer 27d covering the sides
and bottom of the conductor 28d. The barrier layer 27d
is composed of a titanium layer and a titanium nitride
layer provided on the titanium layer. The conductor
28d is made-of, for example, copper, aluminum alloy or
the like. Alternatively, the conductor 28d may be made
of semiconductor such as polysilicon layer or high-
melting metal such as tungsten.

Mounted on the wires W1l and the dummy wire D1 is
an insulating layer 30. The layers 30 is supported by
the wires W1l and the dummy wire D1l. Cavities 31 are
provided among the wires W1 and the dummy wire D1.

The cavities 31 are filled with a mixture gas of mainly
oxygen (02)-and carbon dioxide (CO,).

The dummy wire D1 supports the insulating layer

30, preventing them the layer 30 collapsing into the

cavities 31, and does not perform the function of
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ordinary wires. The insulating layer 30 is

an important component, defining the cavities 31 and
functioning as a base on which some layers will be
mounted. The layer 30 is made of silicon oxide or the
like.

On the insulating layer 30 an insulating layer 32
is provided, which is made of, for example, silicon
oxide. Wires W2 are provided on the insulating
layer 32. Each wire W2 is composed of a conductor and
a trough-shaped barrier layer covering the sides and
bottom of the conductor. More specifically, one wire
W2 is formed of a barrier layer 34a and a conductor
35a, and another wire W1l a barrier layer 34b and
a conductor 35b. The barrier layers 34a and 34b are
made of composed of a titanium layer and a titanium
nitride layer provided on the titanium layer.

The conductors 35a and 35b are made of, for example,
copper, aluminum alloy or the like. Instead, they may
be made of semiconductor such as polysilicon layer or
high-ﬁelting'metal such as tungsten.

The.wires W2 are spaced apart by a distance H.

A dummy wire D2 is provided between the wires W2..
The dummy line D2 is comprised of a conductor 35d and
a trough-shaped barrier layer 34d covering the sides

and bottom of the conductor 35d. The barrier layer 34d

is composed of a titanium layer and a titanium nitride

layer provided on the titanium layer. The conductor
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35d is made of, for example, copper, aluminum alloy or
the like. Instead, the conductor 25d may be made of
semiconductor such as polysilicon layer or high-melting
metal such as tungsten.

Provided on the wires W2 and the dummy wire D2 is
an insulating layer 37. The layer 37 is supported by
the wires W2 and the dummy wire D2. Cavities 38 are
provided among the wires W2 and the dummy wire D2.

The cavities 38 are filled with a mixture gas of mainly
oxygen (O0,) and carbon dioxide (CO,).

The dummy wire D2 supports the insulating layer
37, preventing the layer 37 from collapsing into the
cavities 38, and does not perform the function of
ordinary wires. The insulating layer 37 is
an important component, defining the cavities 38 and
functioning as a base on which some layers will be
mounted. The layer 37 is made of silicon oxide or the
like.

As seen_from FIG. 169, the cavities 31 provided
among the wires W1 and dummy wire D1 and the cavities
38 provided among the wires W2 and dummy wire D2 are
filled with the mixture gas of oxygen (0,) and carbon
dioxide (CO,). The mixture gas has a dielectric
constant of about 1.0, which is far less than that of

silicon oxide or the like. . The semiconductor device

can, therefore, be an LSI which has a higher packing

density of elements and a better performance than
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an LSI in which the inter-wire spaces are filled with
insulating layers made of silicon oxide or the like.

In addition, the dummy wire D1 provided between
the wires W1, and the dummy wire D2 between the wires
W2. Hence, the dummy wires D1 and D2 prevent the wires
W1l and W2 from collapsing down into the cavities 31 or
38 even' if the distance H between the wires W1l and
between the wires W2 is relatively long.

FIG. 170 shows a semiconductor device according to
the twenty-eighth embodiment of this invention.

As is shown in FIG. 170, an insulating layer 12
is provided on a semiconductor substrate 11 (e.g.,

a silicon wafer). Wires 13 are provided on the
insulating layer 25, spaced apart from one another.

The wires 13 are made of metal such as copper, aluminum
alloy or the like, semiconductor such as polysilicon
containing an impurity, or high-melting metal such as
tungsten or the like.

Coupling layers 61 are provided on the wires 13,
and an insulating layer 14 is mounted on the coupling
layers 61. Thus, the coupling layers 61 firmly couples
the wires 13 to the insulating layer 14. Thg coupling
layers 61 are made of the same material as the wires 13
or metal such as silicon, zirconium, hafnium or
chromium.

The insulating layer 14 is shaped like a plate and

made of, for example, silicon oxide, zirconium oxide,
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hafnium oxide or chromium oxide. It is supported by
the wires 13. Cavities 15 are provided among the
wires 13 and between the insulating layers 12 and 14.
The cavities 15 are filled with the mixture gas of
oxygen (0O,) and carbon dioxide (CO3), which has

a dielectric constant of about 1.0.

The cavities 15 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 15 to the atmosphere or by supplying air into
the cavities 15 through holes made in the device
package.

As indicated above, the cavities 15 provided
among the wires 13 are filled with the mixture gas
of oxygen (0,) and carbon dioxide (CO5), and the
gas has a dielectric constant of about 1.0, which
is far less than that of silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance than an LSI in which the inter-
wire spaces are filled with insulating layers made of
silicon oxide or the like.

Moreover, the coupling layers 61, which are
interposed between the wires 13 on the one hand and
the insulating layer 14.on the other, steadfastly
couple the wires 13 to the insulating layer 14.

The semiconductor device is firm and strong in spite of

the cavities 15 provided among the wires 13.
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How the device of FIG. 170 is manufactured will be
explained, with respect to FIGS. 171 to 176.

First, the insulating layer 12 is formed on
the semiconductor substrate 11 as is illustrated in
FIG. 171. A carbon layer 16 is then formed on the
insulating layer 12 by means of sputtering or the like.
The carbon layer 16 is as thick as thick as wires to be
formed in an LSI, for example about 0.2 to 0.7um,.

Further, a mask layer 17 (e.g., a silicon oxide
layer-or a silicon nitride layer) is formed on the
carbon layer 16 by sputtering or CVD. The mask layer
17 should better be formed by means of sputtering, not
by CVD, if it is made of oxide. This is because the
carbon layer 16 would be eroded by the oxygen O,
contained in the reaction gas applied in CVD to form
the mask layer 17.

Next, a resist is coated on the mask layer 17 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 17 is patterned.
This done, the resist is removed. The carbon layer 16
is subjected to anisotropic etching, by using the mask
laye: 17. Siits are thereby formed in the carbon layer
16 as is shown in FIG. 172. A patterned iesist may be
used to etch the carbon layer 16.

The resist used in the PEP is removed by applying
a solution of H,S504 and'H202 to it, not by applying

oxygen plasma. If the resist is removed by oxygen
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plasma process, thé carbon layer 16 will be removed,
along with the resist.

Then, as shown in FIG. 173, a conductive layer
made of copper or the like is formed by CVD or
sputtering in the slits of the carbon layer 16 and on
the mask layer 17. Chemical mechanical polishing (CMP)
is performed, leaving conductor layers in the slits of
the carbon layer 16. The wires 13 are thereby formed.
The CMP may be replaced by anisotropic etching or
isotrdpic etching, to form the wires 13.

Thereafter, the makes layer 17 is removed.

As shown in FIGS. 174, a silicon layer 60 (e.g.,
an ambrphous silicon layer or a polycrystalline silicon

layer) is formed by sputtering on the wires 13 and the

- carbon layer 16. Further, as shown in FIGS. 175 and

176, the carbon layer 16 is ashed, forming cavities 15
among the wires 13. The cavities 15 are filled with

a mixture gas of mainly oxygen (Op) and carbon dioxide
(CO3). The ashing of the layer 16 can be accomplished
by either of two alternative methods.

The first method is to heat the carbon layer 16 in
an oxygen atmosphere (i.e., an atmosphere containing
oxygen, such as the atmosphere) at 400 to 450C for
about two hours. 1In the first method, the carbon layer

16 slowly changes into carbon dioxide (COy), not

expanding to break the insulating layer 14. However,

it takes a long time to ashes the carbon layer 16.
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The second method is oxygen-plasma process. In the
second method, the carbon layer 16 changes into carbon
dioxide (CO5) at high speed, but may expand, possibly
breaking the insulating layer 14. Nonetheless,
breakage of the layer 14 can be prevented by modifying
the layer 14 or by decreasing the oxygen-plasma process
temperature.

As the carbon layer 16 is ashed, the silicon
layer ‘60 changes into the insulating layer_l4 (i.e.,
a silicon oxide layer). In other words, the oxygen
used to ash the carbon layer 16 reacts with the silicon
layer 60, forming the insulating layer 14.

At the same time a coupling layer 61 is formed

between each wire 13 and the insulating layer 14.

This is because the material of the wires 13, i.e.,

copper, aluminum alloy or the like, reacts with silicon
while the carbon layer 16 is being ashed.

~The silicon layer 60 used to ask the carbon layer
16 may be replaced of a layer of any other material
that can change into an insulating one and.react with
the wires 13 to form the coupling layers 61. More
specifically, the layer 60 may be made of hafnium,
zirconium, chromium or the like.

In this method, a carbon layer-is used as
an insulating layer which has silts and which is used
to form wires. The carbon layer is ashed after wires

have been formed in the slits, thereby providing
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gas-filled cavities among the wires. The device
shown in FIG. 170 can therefore be formed easily.
Furthermore, the silicon layer changes into an
insulating layer and the coupling layers are formed, as
the carbon layer is ashed. The coupling layers, each
between one wire and the silican layer, firmly couple
the silicon layer to the wires, The semiconductor
device therefore has a sufficient mechanical strength,
despite the cavities are provided among the wires.

FIG. 177 shows a semiconductor device according to
the tweﬁty-ninth embodiment of the invention.

As is shown in FIG. 177, an insulating layer 12
is prqvided on a semiconductor substrate 11 (e.g.,
a silicon wafer). Metal layers 62 are provided on the
insulating layer 12, spaced apart from one another.
The layers 62 are made of zirconium, hafnium,
beryllium, magnesium, scandium, titanium, cobalt,
nickel, yttrium, indium, barium, lanthanum, cerium,
ruthenium, lead, bismuth, thorium, chromium, or the
like. Wires 13 are provided on the metal layers 62,
respectively, and are hence spaced apart from one
another. They are made of metal such as copper,
aluminum alloy or the like, semiéonductor such as
polysilicon containing an impurity, or high-melting
metal-such as tungsten or the like.

Cavities 15 are provided among the wires 13 and

between the insulating layers 12 and 14. The cavities
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15 are filled with the mixture gas of oxygen (0,) and '
carbon dioxide (CO,), which has a dielectric constant
of about 1.0.

An insulating layer 64 is provided on the wires 13.
The insulating layer 64 is made of, for example,
silicon oxide, zirconium oxide, hafnium oxide, chromium
oxide, or the like. Metal oxide layers 63 are provided
on the sides of each wire 13 and on the exposed lower
surface portions of the insulating layer 64.

Cavities 15 are provided among the wires 13 and
between the insulating layers 12 and 64. The cavities
15 are filled with the mixture gas of oxygen (Oy) and
carbon dioxide (CO;), which has a dielectric constant
of about 1.0. The cavities 31 may be filled with air,
not the mixture gas. This can be accomplished by
opening the cavities 31 to the atmosphere or by
supplying air into the cavities 31 through holes made
in the device package.

As described above, the cavities 15 provided among
the wires 13 are filled with the mixture gas of oxygen
(Oy) and carbon dioxide (CO,), and the gas has
a dielectric constant of about 1.0, which is far
less than that of silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance than an LSI in which the inter-

wire spaces are filled with insulating layers made of
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silicon oxide or the like.

Moreover, the metal oxide layers 63 provided on
the sides of each wire 13 and on the exposed lower
surface portions of the insulating layer 64 excel in
mechanical strength. Therefore, the semiconductor
device ig firm and strong in spite of the cavities 15
provided among the wires 13.

It will be explained how the device of FIG. 170 is
manufactured, with respect to FIGS. 178 to 183.

First, the insulating layer 12 is formed on
the semiconductor substrate 11 as is illustrated in
FIG. i78. A carbon layer 16 is then formed on the
insulating layer 12 by means of sputtering or the like.
The carbon layer 16 is as thick as thick as wires to be
formed in an LSI, for example about 0.2 to 0.7um.

Further, a mask layer 17 (e.g., a silicon oxide
layer or a silicon nitride layer) is formed on the
carbon layer 16 by sputtering or CVD. If the mask
layer 17 is made of oxide, it should better be formed
by means of sputtering, not by CVD. This is because
the carbon layer 16 would be eroded by the oxygen 0,
contained in the reaction gas applied in CVD to form
the mask layer 17.

Then, a resist is coated on the mask layer 17 and
patterned by PEP (Photé Engraving Process). Using the
resist as the mask, the mask layer 17 is patterned.

This done, the resist is removed. The carbon layer 16
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is subjected to anisotropic etching, by using the mask
layer 17. 8Slits are thereby formed in the carbon layer
16 as illustrated in FIG. 178. A patterned resist may
be used to etch the carbon layer 16.

The resist used in the PEP is removed by applying
a solution of H,504 and H;0, to it, not by applying
oxygen plasma. If the resist is removed by oxygen
plasma process, the carbon layer 16 will be removed,
along wiéh the resist.

Next, the mask layer 17 is removed as shown in
FIG. 179. A metal layer 62 is formed on the exposed
portions of the insulating layer 12 and the carbon
layer 16, including the inner surfaces of each slit
made in the carbon layer 16. The layer 62 is made of
zirconium, hafnium, beryllium, magnesium, scandium,
titanium, cobalt, nickel, yttrium, indium, barium,
lanthanum, cerium, ruthenium, lead, bismuth, thorium,
chromium, or the like.

Further, a conductive layer made of copper or the
like is formed by CVD or sputtering in the slits of the
carbon layer 16 and on the mask layer 17. Chemical
mechanical polishing (CMP) is performed, leaving
conductor layers in the slits of the carbon layer 16.
The wires 13 are thereby formed. The CMP may be
replaced by anisotropic etching or isotropic etching,
to form the wires 13.

Next, as shown in FIGS. 180 and 181, the carbon
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layer 16 is ashed, forming cavities 15 among the
wires 13. The cavities 15 are filled with a mixture
gas of mainly oxygen (0,) and carbon dioxide (COy).
The ashing of the layer 16 can be accomplished by one
of two alternative methods.

The first method is to heat the carbon layer 16 in
an oxygen atmosphere (i.e., an atmosphere containing
oxygen, such as the atmosphere) at 400 to 450C for
about two hours. 1In the first method, the carbon layer
16 slowly changes into carbon dioxide.(coz), not
expanding to break the insulating layer 14. However,
it takes a long time to ashes the carbon layer 16.

The second method is oxygen-plasma process. In the
second method, the carbon layer 16 changes into carbon
dioxide (CO,) at high speed, but may expand, possibly
breaking the insulating layer 14. Nonetheless,
breakage of the layer 14 can be prevented by modifying
the layer 14 or by decreasing the oxygen-plasma process
temperature.

As shown in FIG. 182, the sﬁructure is subjected
to selective oxidation in an oxygen atmosphere at about
450TC for about 30 minutes. Those portions of the
metal layer 62 which cover the sides of the wire 13
and those portions of the layer 62 which close the
cavities 15 are oxidized into the metal oxide layers 63.
The conditions of the selective oxidation, i.e.,

temperature, time and the like, are such that the metal
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layers 62 located beneath the wires 13 are not oxidized
at all. The oxygen atmosphere may be replaced by
an H,0, atmosphere or an H,0 atmosphere.

Moreover, the selective oxidation may be replaced
by selective nitriding. If the structure is subjected
to selective nitriding, said portions of the metal
layer 62 will change to metal nitride layers.

In the present embodiment, the carbon layer 16 is
ashed in one step, and the metal layer 62 is oxidized
in another. Instead, the layers 16 and 62 may be
respectively ashed and oxidized in the same step.

In the case where the metal layer 62 is made of
hafnium, it will be oxidized only at those portions
which cover the sides of the wires 13 and close the
cavities 15 at the same time the carbon layer 16 is
ashed in an oxygen atmosphere, for example, at about
400C for about one hour.

Thereafter, as shown in FIG. 183, the insulating
layer 64 having a small dielectric constant is formed
on the wires 13 and the metal oxide layers 63 by means
of CVD or sputtering. The insulating layer 64 can be
made of silicon oxide which contains fluorine.

In the method explained above, a carbon layer is
used as an insulating layer which has silts and which
is used to form wires. The carbon layer is ashed after
wires 13 have been formed in the slits, thereby

providing gas-filled cavities 15 among the wires.
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The device shown in FIG. 177 can therefore be formed
easily. Moreover, those portions of the metal layer 62
which cover the sides of the wires 13 and those
portions of the layer 62 which close the cavities 15
are converted to metal oxide layers 63 by selective
oxidation. The metal oxide layers 63 thus formed excel
in mechanical strength. The semiconductor device of
FIG. 177 therefore has a sufficient mechanical
strength, despite the cavities 15 are provided among
the wires 13.

FIG. 184 shows a semiconductor device according to
the thirtieth embodiment of the present invention.

As is shown in FIG. 184, a field oxide layer 22
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG) or phosphor silicate
glass (PSG). The upper surface of the layer 25 has
been made flat by, for example, chemical mechanical
polishing (CMP). The layer 25 has contact holes which

reach the source region 24a and the drain region 24b.
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The contact holes are filléd with conductors 26a and
26b. The conductors 26a and 26b are made of high-
melting metal such as tungsten. Alternatively, they
may be made of other material.

Arranged on the conductors 26a and 26b are metal
layers 62. Wires Wl are provided on these metal
layers 62. The metal layers 62 are made of zirconium,
hafnium, beryllium, magnesium, scandium, titanium,
cobalt, nickel, yttrium, indium, barium, lanthanum,
cerium, ruthehium, lead, bismuth, thorium, chromium, or
the like. The layers 62 electrically connect the wires
W1l to the conductors 26a and 26b. The wires W1l are
conduétors 28a and 28b which are made of copper,
aluminum alloy or the like. Instead, they can be
made of semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten or
the like.

Barrier layers 27a and 27b are provided which
cover the sides of the wires W1l. They are two-layered
members, each consisting of, for example, a titanium
layer and a titanium nitride layer.

Cavities 31 are provided among the wires W1.

The cavities 31 are filled with a mixture gas of mainly
oxygen (O,) and carbon dioxide (CO,). Alternatively,
the cavities 31 may be filled with air. Metal oxide
layers 63 are provided, each extending between the

upper ends of two adjacent barrier layers and, thus,
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covering one cavity 31. The metal oxide layers 63 have
been formed by oxidizing layers of the same material as
the metal layer 62. They metal oxide layers 63 may be
replaced by metal nitride layers, which can be formed
by nitriding layers of the same material as the metal
layer 62.

On the metal oxide layers 63 there is provided
an insulating layer 64 which has a small dielectric
constant. The layer 64 is made of, for example,
silicon oxide which contains fluorine.

In the device shown in FIG. 184, the cavities 31
provided among the wires W1l are filled with air or
a mixture gas of mainly oxygen (0O,) and carbon dioxide
(COy). Air and the mixture gas have a dielectric
coqstant of about 1.0, which is far less than that of
silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
densify of elements and a better performance than an
LSI in which the inter-wire spaces are filled with
insulating layers made of silicon oxide or the like.

How the device of FIG. 184 is manufactured, with
respect to FIGS. 185 to 196.

At first, the field oxide layer 22 is formed on
the semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 185. A MOS transistor having
a gate electrode 23, a source region 24a and a drain

region 24b is formed in the element region of the
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substrate 21, which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate
21, completely covering the MOS transistor. The upper
surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
through holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the through holes of
the insulating layer 25. The through holes may be
filled with other electrically conductive material
other than high-melﬁing metal.

Next, a carbon layer 39 is formed on the
insulating layer 25 by sputtering as illustrated in
FIG. 186. The carbon layer 39 is as thick as wires to
be formed in an LSI, for example about 0.2 to 0.7um.
Further, as shown in FIG. 187, a mask layer 29 (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer 39 by sputtering to

a thickness of about 0.05um. If made of oxide, the
mask layer 29 should better be formed by means of
sputtering, not by CVD, in order to prevent erosion of
the carbon layer 39.

A resist is coated on the mask layer 29 and
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patterned by PEP (Photo Engraving Process). Using this
resist as the mask, the mask layer 29 is patterned as
shown in FIG. 188, to define the shape of wires to be
formed. The resist is removed from the mask layer
patterned. The carbon layer 39 is subjected to
anisotropic etching, which is accomplished by using the
pattered mask layer 29 as the mask, whereby slits are
made in the carbon 39 layer as is shown in FIG. 189.

It should be noted that the carbon layer 39 is not
etched by PEP, but etched by using the PEP-patterned
mask layer 29, for the following reason.

The resist used in the PEP is removed by applying
oxygen plasma or either H,S04 or H,0, to it. When the
resisﬁ is removed by oxygen plasma process, the carbon
layer 39 patterned is simultaneously removed. When the
resist is removed by applying H,S04 or H,0,, the
conductors 26a and 26b are simultaneously removed if
they are made of high-melting metal. This is why the
PEP-patterned mask layer 29 must be used as the mask to
etch the carbon layer 39.

Thereafter, the mask layer 29 is removed. Then,
as shown in FIG. 190, a metal layer 62 is formed on the
carbon layer 39 and on the inner surfaces of each slit
made in the carbon layer 39. The metal layer 62 is
made of zirconium, hafnium, beryllium, magnesium,
scandium, titanium, cobalt, nickel, yttrium, indium,

barium, lanthanum, cerium, ruthenium, lead, bismuth,
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thorium, chromium, or the like.

Next, a metal layer 28 made of copper, aluminum
alloy or the like is formed on the metal layer 62 as is
illustrated in FIG. 191. Alternatively, the layer 28
may be made of semiconductor such as polysilicon
containing an impurity or high-melting metal such as
tungsten.

Further, chemical mechanical polishing (CMP) is
performed, leaving conductors 28a and 28b in the slits
of the carbon layer 39 as shown in FIG. 192. The wires
Wl are thereby formed. The CMP may be replaced by
anisotropic etching or isotropic etching, to form the
wires W1.

Then, as shown in FIGS. 193 and 181, the carbon
layer 39 is ashed, forming cavities 31 among the wires
Wl. The cavities 31 are filled with a mixture gas of
mainly oxygen (O,) and carbon dioxide (CO,).

The ashing of the layer 39 can be performed by one of
two alternative methods.

The first method is to heat the carbon layer 39 in
an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 39 slowly
changes into carbon dioxide (CO,), not expanding to
break the insulating layer 29 or 30. However, it takes
a long time to ashes the carbon layer 3%2. The second
method is oxygen-plasma process. In the second method,

the carbon layer 39 changes into carbon dioxide (COsy)
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at high speed, but may expand, possibly breaking the
insulating layers 29 and 30. Nonetheless, breakage of
the layers 29 and 30 can be prevented by modifying the
layers 29 and 30 or by decreasing the oxygen-plasma
process temperature.

As shown in FIG. 195, the structure is subjected
to seléctive oxidation in an oxygen atmosphere at about
450°C for about 30 minutes. Those portions of the
metal layer 62 which cover the sides of the wire Wl
and those portions of the layer 62 which close the
cavities 31 are oxidized into the metal oxide layers 63.
The conditions of the selective oxidation, i.e.,
temperature, time and the like, are such that the metal
layers 62 located beneath the wires 13 are not oxidized
at all. The oxygen atmosphere may be replaced by
an H,0, atmosphere or an H,0 atmosphere.

The selective oxidation may be replaced by
selective nitriding. If the structure is subjected to
selective nitriding, said portions of the metal layer
62 will change to metal nitride layers.

In this embodiment, the carbon layer 39 is ashed
in one step, and the metal layer 62 is oxidized in
another. Instead, the layers 39 and 62 may be
respectively ashed and oxidized in the same step.

In the case where the metal layer 62 is made of
hafnium, it will be oxidized only at those portions

which cover the sides of the wires Wl and close the
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cavities 31 at the same time the carbon layer 39 is
ashed in an oxygen atmosphere, for example, at about
400C for about one hour.

Next, as shown in FIG. 196, the insulating layer
64 having a small dielectric constant is formed on the
wires Wl and the metal oxide layers 63 by means of CVD
or sputtering. The insulating layer 64 can be made of
silicon oxide which contains fluorine.

In the method explained above, a carbon layer 39
is used as an insulating layer which has silts and
which is used to the conductors 28a dna 28b.

The carbon layer 39 is ashed after the conductors 28a
and 28b have been formed in the slits, thereby
providing gas-filled cavities 31 among the wires Wl.
The device shown in FIG. 184 can therefore be formed
easily. 1In addition, those portions of the metal layer
62 which cover the sides of the conductors 28a and 28b
and those portions of the layer 62 which close the
cavities 32 are converted to metal oxide layers 63 by
selective oxidation. The metal oxide layers 63 thus
formed excel in mechanical strength, hardly collapsing
down into the cavities 31. The semiconductor device of
FIG. 177 therefore has a sufficient mechanical
strength, despite the cavities 31 are provided among
the wires Wl.

In all methods described above, a carbon layer or

carbon layers are ashed in an oxygen atmosphere.
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With reference to FIGS. 197 and 198, it will be
explained how a carbon layer 16 is ashed in the case
where.wires 13 are made of metal such as copper, which
is readily oxidized.

As shown in FIG. 197, trough-shaped protective
metal layers 65 are formed in the slits of the carbon
layer 16, and the wire 13 are formed in the protective
metal layers 65. Thus, the bottom and sides of each
wire 13 are covered with the protective metal layer 65.
The metal layers 65 are, for example, two-layered
members each of which consists of, for example,

a titanium layer and a titanium nitride layer.

An insulating layer 14 is formed on the wires 13
and the carbon layer 16. The layer 14 is made of
material which allows passage of oxygen (02), so that
the carbon layer 16 may be ashed. This material is,
for example, silicon oxide. The upper surface of each
wire 13 is oxidized when the carbon layer 16 is ashed.
A metal oxide layer 66 is inevitaﬁly formed in the
surface region of each wire 13. The oxide layer 66
increases the resistance of the wire 13 and reduces the
reliability thereof.

Semiconductor devices and methods of manufacturing
a semiconductor device will be described below, in
which the wires are not oxidized as the carbon layer or
layers are ashed to provide cavities.

FIG. 199 illustrates a semiconductor device
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according to the thirty-first embodiment of the present
invention.

As is shown in FIG. 199, a field oxide layer
22 (e.g., a silicon oxide layer) is provided on
a semiconductor substrate 21 (e.g., a silicon wafer).
The substrate 21 has an element region which is
surrounded by the field oxide layer 22. Formed in
the element region is a MOS transistor which has
a gate electrode 23, a source region 24a and a drain
region 24b.

The MOS transistor is covered with an insulating
layer 25. The layer 25 is made of, for example,
borophospho silicate glass (BPSG) or phosphor silicate
glass (PSG). The upper surface of the layer 25 has
been made flat by, for example, chemical mechanical
polishing (CMP). The layer 25 has contact holes which
reach the source region 24a and the drain region 24b.
The contact holes are filled with conductors 26a and
26b. The conductors 26a and 26b are made of high-
melting metal such as tungsten. Alternatively, they
may be made of other material.

Trough-shaped protective metal layers 65 are
provided on the insulating layer 25 and the conductors
26a and 26b, respectively. Wires 28a and 28b are
formed in the protective metal layers 65. Therefore,
the bottom and sides of each wire are covered with the

protective metal layer 65. The metal layers 65 are,
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for example, two-layered members each of which consists
of, for example, a titanium layer and a titanium
nitride layer.

Protective layers 67 are provided on the upper
surfaces of the wires 28a and 28b. The layers 67 are
made of material which does not allow passage of oxygen
(02). They can be two-layered members each consisting
of, for example, a titanium layer and a titanium
nitride layer, a metal layer of titanium silicon
nitride, or an insulating layer of silicon nitride.
That is, the protective layers 67 which cover the upper
surfaces of the wires 28a and 28b can be made of either
metal or insulating material, while the layers covering
the bottoms of the wires 28a and 28b must be made of
metal to electrically connect the wires 28a and 28b to
the conductors 26a and 26b. The wires 28a and 28b are
made of metal which can readily be oxidized, such as
copper or the like.

Cavities 31 are provided between the wires 28a
and 28b. The cavities 31 are filled with a mixture gas
of mainly oxygen (0O,) and carbon dioxide (COjy).
Alternatively, the cavities 31 may be filled with air.
On the protective layers 67 there is provided an
insulating layer 68 which is made of, for example,
silicon oxide which contains fluorine.

In the device shown in FIG. 199, the cavities 31

provided between the wires 28a and 28b are filled with
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air or a mixture gas of oxygen (O;) and carbon dioxide
(COy). Air and the mixture gas have a dielectric
constant of about 1.0, which is far less than that of
silicon oxide or the like. The semiconductor device
can, therefore, be an LSI which has a higher packing
density of elements and a better performance than an
LSI in which the inter-wire spaces are filled with
insulating layers made of silicon oxide or the like.

Furthermore, the wires 28a and 28b are completely
covered with the protective layers 67 which do not
allow passage of oxygen, at least while a carbon layer
is ashed to provide the cavities 31. Hence, no metal
oxide layer is formed in the surface region of each
wire. The wires 28a and 28b do not have their
resistance increased or their reliability decreased.

How the device of FIG. 199 is manufactured, with
respect to FIGS. 200 to 211.

First, the field oxide layer 22 is formed on the
semiconductor substrate 21 by LOCOS method, as is
illustrated in FIG. 200. A MOS transistor having
a gate electrode 23, a source region 24a and a drain
region 24b is formed in the element region of the
substrate 21, which is surrounded by the field oxide
layer 22.

The insulating layer 25 made of BPSG, PSG or the
like is formed on the entire surface of the substrate

21, completely covering the MOS transistor. The upper



10

15

20

25

- 276 -

surface of the layer 25 is rendered flat by means of
chemical mechanical polishing (CMP). PEP (Photo
Engraving Process) is conducted, making in the layer 25
through holes which reach the source region 24a and
drain region 24b of the MOS transistor. The conductors
26a and 26b made of high-melting metal such as tungsten
are formed by selective growth in the through holes of
the insulating layer 25. The through holes may be
filled with other electrically conductive material
other than high-melting metal.

Next, a carbon layer 39 is formed on the
insulating layer 25 by sputtering as illustrated in
FIG. 201. The carbon layer 39 is as thick as wires to
be formed in an LSI, for example about 0.2 to 0.7gm.
Further, as shown in FIG. 202, a mask layer 29 (e.g.,

a silicon oxide layer or a silicon nitride layer) is
formed on the carbon layer 39 by sputtering to
a thickness of about 0.05u m. If made of oxide, the

mask layer 29 should better be formed by means of

'sputtering, not by CVD, in order to prevent erosion of

the carbon layer 39.

A resist is coated on the mask layer 29 and
patterned by PEP (Photo Engraving Process). Using this
resist as the mask, the mask layer 29 is patterned as
shown in FIG. 203, to define the shape of wires to be
formed. The resist is removed from the mask layer

patterned. The carbon layer 39 is subjected to
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anisotropic etching, which is accomplished by using the
pattered mask layer 29 as the mask, whereby slits are
made in the carbon 39 layer as is shown in FIG. 204.

It should be noted that the carbon layer 39 is not
etched by PEP, but etched by using the PEP-patterned
mask layer 29, for the following reason.

The resist used in the PEP is removed by applying
oxygen plasma or either H,504 or H,0, to it. When the
resist is removed by oxygen plasma process, the carbon
layer 39 patterned is simultaneously removed. When the
resist is removed by applying H,S04 or H,0,, the
conductors 26a and 26b are simultaneously removed if
they are made of high-melting metal. This is why the
PEP-patterned mask layer 29 must be used as the mask to
etch the carbon layer 39.

Thereafter, the mask layer 29 is removed.

Then, as shown in FIG. 205, a protective metal layer 65
is formed on the carbon layer 39 and on the inner
surfaces of each slit made in the carbon layer 39.

The protective metal layer 62 is a two-layered member
consisting of a titanium layer and a titanium nitride
layer, or a layer made of titanium silicon nitride or
the like.

Next, a layer 28 made of metal which can readily
be oxidized, such as copper, is formed on the
protectively metal layer 65 as shown in FIG. 206, by

means of sputtering or CVD. Further, as shown in
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FIG. 207, chemical mechanical polishing (CMP) is
carried out, leaving conductors 28a and 28b in the
slits of the carbon layer 39. CMP may be replaced by
anisotropic etching or isotropic etching, to form the
wires 28a and 28b. The wires 28a and 28 are located,
with their upper surfaces set at a level slightly lower
than the upper surface of the carbon layer 39.

Then, as shown in FIG. 208, the protective layer
67 is formed on the wires 28a and 28b and also on the
carbon layer 39. The layer 67 does not allow passage
of oxygen (02) at a temperature ranging from 300C to
600C. This is because the carbon layer 39 will be
ashed at a temperature which falls within this range.
It can be a two-layered member consisting of a titanium
layer and a titanium oxide layer, a layer of titanium
silicon nitride, or an insulating layer of silicon
nitride.

CMP is carried out, leaving protective layers 67
on the wires 28a and 28b only as shown in FIG. 2089.
As a result of this, the protective layers 67 come to
have their upper surfaces positioned flush with the
upper surface of the carbon layer 39.

This done, the insulating layer 68 is formed by
CVD or sputtering on the carbon layer 39a nd the
protective layers 67 to a thickness of about 0.05um,
as is illustrated in FIGS. 210 and 211. 1If made of

oxide, the insulating layer 68 should better be formed
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by means of sputtering, not by CVD, in order to prevent
erosion of the carbon layer 39.

Thereafter, the carbon layer 39 is ashed, forming
cavities 31 between the wires 28a and 28b. The cavities
31 are filled with a mixture gas of mainly oxygen (05)
and carbon dioxide (CO,). The ashing of the layer 39
can be performed by one of two alternative methods.

The first method is to heat the carbon layer 39 in
an oxygen atmosphere at 400 to 450C for about two
hours. 1In the first method, the carbon layer 39 slowly
changes into carbon dioxide (CO,), not expanding to
break the insulating layer 68. However, it takes
a long time to ashes the carbon layer 39. The second
method is oxygen-plasma process. In the second method,
the carbon layer 39 changes into carbon dioxide (COy)
at high speed, but may expand, possibly breaking the
insulating layer 68. Nonetheless, breakage of the
layer 68 can be prevented by modifying the layer 68 or
by decreasing the oxygen-plasma process temperature.

In this method, the carbon layer 39 is used as
an insulating layer which has silts and which is used
to the conductors 28a dna 28b. The carbon layer 39 is
ashed after the conductors 28a and 28b have been formed
in the slits, thereby providing gas-filled cavities 31
between the wires 28a and 28b. The semiconductor
device shown in FIG. 199 can therefore be formed

easily. The wires 28a and 28b do not have their
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resistance increased or their reliability decreased.
FIG. 212 shows a semiconductor device according to
a thirty-second embodiment of the present invention.
As seen from FIG. 212, an insulating layer 72
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 71 (e.g., a silicon wafer).
Wires 73 are provided on the insulating layer 72,
spaced apart from one anther. The wires 73 are made of
metal such as copper, aluminum alloy or the like,
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.
The wires 73 are completely covered with
an insulating layer 74 but do not contact the
insulating layer 74. Cavities 75 are provided, each
between one wire 73 and the insulating layer 74.
The cavities 75 are filled with a gas having
a dielectric constant of about 1.0, i.e., a mixture
gas of mainly oxygen (O,) and carbon dioxide (CO,).
The insulating layer 74 is made of, for example,
silicon oxide, zirconium oxide, hafnium oxide, chromium
oxide, or the like. On the insulating layer 74 there
is provided an insulating layer 76 which has a small
dielectric constant. The insulating layer 76 is made
of, for example, silicon oxide containing fluorine.
Remaining on the lower surface of the insulating layer
74 and located right above the wires 73 are mask layers

77, which have been used in patterning the wires 73.
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The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

In the device shown in FIG. 212, the wires 73 are
covered with the insulating layer 74, the cavities 75
are provided, each between one wire 73 and the
insulating layer 74, and each cavity 75 is filled with
either air or the mixture gas of méinly oxygen (0O,) and
carbon dioxide (CO,). Air and the mixture gas have
a dielectric constant of about 1.0. Since at least the
edges of each wire 73, where electric charge is likely
to concentrate, exist in one cavity 75, the dielectric
constant of the wire 73 is far less than in the case
where the inter-wire spaces are filled with insulating
material such as silicon oxide or the like.

The semiconductor device can, therefore, be an LSI
which has a higher packing density of elements and
a better performance.

How the device of FIG. 212 is manufactured will be
explained, with reference to FIGS. 213 to 218.

As shown in FIG. 213, the insulating layer 72 is
formed on the semiconductor substrate 71. Further,

a metal layer 73a is formed on the insulating layer 72,
to a thickness of 0.7 to 0.2m, by sputtering or the

like. The metal layer 73a is made aluminum, copper,



10

15

20

25

- 282 -

titanium, titanium oxide or the like.

Then, a carbon layer 80a is- formed on the metal
layer 73a by sputtering or the like. A mask layer 77
(e.g., a silicon oxide layer or a silicon nitride
layer) is formed on the carbon layer 80a by sputtering
or CVD. 1If the mask layer 77 is made of oxide, it
should better be formed by means of sputtering, not by
CVD. This is because the carbon layer 80a would be
eroded by the oxygen contained in the reaction gas
applied in CVD to form the mask layer 77.

Then, a resist is coated on the mask layer 77 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 77 is patterned.
This done, the resist is removed. The carbon layer and
the metal layer are subjected to anisotropic etching,
by using the mask layer 77. Slits are thereby formed
in the carbon layer and the metal layer as is shown in
FIG. 214. As a result,'the wires 73 are formed.

The resist used in the PEP is removed by applying
a solution of H,504 and Hy0, to it, not by applying
oxygen plasma. If the resist is removed by oxygen
plasma process, the carbon layer 80a will be removed,
along with the resist.

Next, carbon layers 80b are formed by sputtering
or the like, on the sides of the wires 73, carbon
layers 80a and mask layers 77. The carbon layers 80b

are subjected to anisotropic etching, whereby those
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portions of the carbon Iayers 80b which lie on the mask
layers 77 are removed, as is illustrated in FIG. 215.

Further, the insulating layer 74 is formed by
sputtering or CVD to a thickness of 0.05um, on the
insulating layer 72, carbon layers 80b and mask
layers 77. If the insulating layer 74 is made of
oxide, it should better be formed by sputtering, not
CVD, because the carbon layers 80a and 80b would be
eroded by the oxygen O, contained in the reaction gas
applied in CVD to form the insulating layer 74.

Thereafter, the carbon layers 80a and 80b are
ashed, thereby providing cavities 75 filled with
a mixture gas of mainly oxygen (0O;) and carbon dioxide
(CO5). The ashing of the layers 80a and 80b can be
performed by one of two alternative methods.

The first method is to heat the carbon layers 80a
and 80b in an oxygen atmosphere (i.e., an atmosphere
containing oxygen, such as the atmosphere) at 400 to
450C for about two hours. In the first method, the
carbon layers 80a and 80b slowly change into carbon
dioxide (CO,5), not expanding to bréak the insulating
layer 74. However, it takes a long time to ashes the
carbon layers 80a and 80b. The second method is
oxygen-plasma process. In the second method, the
carbon layers 80a and 80b change into carbon dioxide
(COy) at high speed, but may expand, possibly breaking

the insulating layer 74. Nonetheless, breakage of the
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layer 74 can be prevented by modifying the layer 74 orx
by decreasing the oxygen-plasma process temperature.

The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

Finally, as shown in FIG. 218, an insulating layer
76 having a small dielectric constant, e.g., a silicon
oxide layer éontaining fluorine, is formed on the
insulating layer 74. The upper surface of the
insulating layer 76 is made flat by means of CMP or the
like.

In the method described above, the carbon layers
80a formed on the wires 73 and the carbon layers 80b
formed on the sides of the carbon layers' 73 are ashed,
thereby providing cavities. The top and sides of
each wire 73 are thereby exposed to the mixture gas.
The semiconductor device shown in FIG. 212 can
therefore be formed easily. In addition, the parasitic
capacitance among the wires 73 is effectively reduced
since the edges of each wire 73, where electric charge
is likely to concentrate, exist in one cavity 75.

* June 3

FIG. 219 illustrates a semiconductor device

according to a thirty-third embodiment of the

invention.
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As shown in FIG. 219, an insulating layer 72
(e.g., a silicon oxide layer) is provided on
a semiconductor substrate 71 (e.g., a silicon wafer).
Wires 73 are provided on the insulating layer 72,
spaced apart from one anther. The wires 73 are made
of metal such as copper, aluminum alloy or the like,
semiconductor such as polysilicon containing
an impurity, or high-melting metal such as tungsten.
The wires 73 are completely covered with
an insulating layer 74 but do not contact the
insulating layer 74. Cavities 75 are provided, each
between one wire 73 and the insulating layer 74.
The cavities 75 are filled with a gas-having
a dielectric constant of about 1.0, i.e., a mixture gas
of mainly oxygen (O;) and carbon dioxide (CO,).
The insulating layer 74 is made of, for example,
silicon oxide, zirconium oxide, hafnium oxide, chromium
oxide, or the like. On the insulating layer 74 there |
is provided an insulating layer 76 which has a small
dielectric constant. The insulating layer 76 is made
of, for example, silicon oxide containing fluorine.
The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

In the device of FIG. 219, the wires 73 are
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covered with the insulating layer 74, the cavities 75

are provided, each between one wire 73 and the

insulating layer 74, and each cavity 75 is filled with

either air or the mixture gas of mainly oxygen (Oy) and

carbon dioxide (CO;). Air and the mixture gas have

a dielectric constant of about 1.0. Since at least the

edges of each wire 73, where electric charge is likely

to concentrate, exist in one cavity 75, the dielectric

constant

of the wire 73 is far less than in the case

where the inter-wire spaces are filled with insulating

material

such as silicon oxide or the like.

The semiconductor device can, therefore, be an LSI

which has a higher packing density of elements and

a better performance.

How

the device of FIG. 219 is manufactured will be

explained, with reference to FIGS. 220 to 225.

As shown in FIG. 220, the insulating layer 72 is

formed on the semiconductor substrate 71. Further,

a metal layer 73a is formed on the insulating layer 72,

to a thickness of 0.7 to 0.2m, by sputtering or the

like. The metal layer 73a is made aluminum, copper,

titanium,

titanium oxide or the like.

Further, a carbon layer 80a is formed on the metal

layer 73a by sputtering or the like. A mask layer 77

(e.g., a

silicon oxide layer or a silicon nitride

layer) is formed on the carbon layer 80a by sputtering

or CVD.

If the mask layer 77 is made of oxide, it
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should better be formed by means of sputtering, not by
CVvD. This is because the carbon layer 80a would be
eroded by the oxygen contained in the reaction gas
applied in CVD to form the mask layer 77.

Then, a resist is coated on the mask layer 77 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 77 is patterned.
This done, the resist is removed. The carbon layer and
the metal layer are subjected to anisotropic etching,
by using the mask layer 77. Slits are thereby formed
in the carbon layer and the metal layer as is shown
in FIG. 221. As a result, the wires 73 are formed.

If the mask layers 77 remain even after the anisotropic
etching, they are removed from the carbon layers 80a.

The resist used in the PEP is removed by applying
a éolution of H,S04 and Hy0, to it, not by applying
oxygen plasma. If the resist is removed by oxygen
plasma process, the carbon layer 80a will be removed,
along with the resist.

Next, carbon layers 80b are formed by sputtering
or the like, on the sides of the wires 73 and the
carbon layers 80a. The carbon layers 80b are
subjected to anisotropic etching, whereby those
portions of the carbon layers 80b which lie on the
carbon layers 80a are removed, as is illustrated in

FIG. 222.

Further, as shown in FIG. 223, the insulating
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layer 74 is formed by sputtering or CVD to a thickness
of 0.05um, on the insulating layer 72, carbon layers
B0a and carbon layers 80b. If the insulating layer 74
is made of oxide, it should better be formed by
sputtering, not CVD, because the carbon layers 80a and
80b would be eroded by the oxygen O, contained in the
reaction gas applied in CVD to form the insulating
layer 74.

Thereafter, the carbon layers 80a and 80b are
ashed, thereby providing cavities 75 filled with
a mixture gas of mainly oxygen (O;) and carbon dioxide
(COy), as is shown in FIG. 224. The ashing of the
layers 80a and 80b can be performed by one of two
alternative methods.

The first method is to heat the carbon layers 80a

and 80b in an oxygen atmosphere (i.e., an atmosphere

'cdntaining oxygen, such as the atmosphere) at 400 to

450°C for about two hours. In the first method, the
carbon layers 80a and 80b slowly change into carbon
dioxide (COZ), not expanding to break the insulating
layer 74. However, it takes a long time to ashes the
carbon layers 80a and 80b. The second method is
oxygen-plasma process. In the second method, the
carbon layers 80a and 80b change into carbon dioxide
(COy) at high speed, but may expand, possibly breaking
the insulating layer 74. Nonetheless, breakage of the

layer 74 can be prevented by modifying the layer 74 or
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by decreasing the oxygen-plasmé process temperature.

The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

Finally, as shown in FIG. 225, an insulating layer
76 having a small dielectric constant, e.g., a silicon
oxide layer containing fluorine, is formed on the
insulating layer 74. The upper surface-of the
insulating layer 76 is made flat by means of CMP or the
like.

In the method described above, the carbon layers
80a formed on the wires 73 and the carbon layers 80b
formed on the sides of the carbon layers 73 are ashed,
thereby providing cavities. The top and sides of each
wire 73 are thereby exposed to the mixture gas.

The semiconductor device shown in FIG. 212 can
therefore be formed easily. In addition, the parasitic
capacitance among the wires 73 is effectively reduced
since the edges of each wire 73, where electric charge
is likely to concentrate, exist in one cavity 75.

FIG. 226 illustrates a semiconductor device
according to a thirty-fourth embodiment of the
invention.

As shown in FIG. 226, an insulating layer 72

(e.g., a silicon oxide layer) is provided on
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a semiconductor substrate 71 (e.g., a silicon wafer).
Wires 73 are provided on the insulating layer 72,
spaced apart from one anther. The wires 73 are made
of metal such as copper, aluminum alloy or the like,
semiconductor such as polysilicon containing

an impurity, or high-melting metal such as tungsten.

The wires 73 are completely covered with
an insulating layer 74, with their upper surfaces
contacting the insulating layer 74. Cavities 75 are
provided, each between one wire 73 and the insulating
layer 74. The cavities 75 are filled with a gas having
a dielectric constant of about 1.0, i.e., a mixture
gas of mainly oxygen (Oj) and carbon dioxide (CO,).

The insulating layer 74 is made of, for example,
silicon oxide, zirconium oxide, hafnium oxide, chromium
oxide, or the like. On the insulating layer 74 there
is provided an insulating layer 76 which has a small
dielectric constant. The insulating layer 76 is made
of, for example, silicon oxide containing fluorine.

The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

In the semiconductor device of FIG. 226, the wires
73 are covered with the insulating layer 74, the

cavities 75 are provided, each between one wire 73 and
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the insulating layer 74, and each cavity 75 is filled
with either air or the mixture gas of mainly oxygen
(Oo) and carbon dioxide (CO,). Air and the mixture gas
have a dielectric constant of about 1.0. Since at
least the edges of each wire 73, where electric charge
is likely to concentrate, exist in one cavity 75, the
dielectric constant of the wire 73 is far less than in
the case where the inter-wire spaces are filled with
insulating material such as silicon oxide or the like.
The semiconductor device can, therefore, be an LSI
which.has a higher packing density of elements and
a better performance.

How the device of FIG. 226 is manufactured will be
explained, with reference to FIGS. 227 to 232.

First, as shown in FIG. 227, the insulating layer
72 is formed on the semiconductor substrate 71.
A metal layer 73a is then formed on the insulating
layer 72, to a thickness of 0.7 to 0.2m, by sputtering
or the like. The metal layer 73a is made aluminum,
copper, titanium, titanium oxide or the like. Further,
a mask layer 77 (e.g., a silicon oxide layer or
a silicon nitride layer) is formed on the metal layer
73 by sputtering or CVD.

Then, a resist is coated on the mask layer 77 and
patterned by PEP (Photo Engraving Process). Using the
resist as the mask, the mask layer 77 is patterned.

This done, the resist is removed. The metal layer
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73a is subjected to anisotropic etching, by using the
mask layer 77. Slits are thereby formed in the carbon
layer and the metal layer as is shown in FIG; 228.

As a result, the wires 73 are formed. If the mask
layers 77 remain even after the anisotropic etching,
they are removed from the wires 73. The mask layers
77 may not be used to etch the metal layer 73a.

The resist may be used instead, to etch the metal
layer 73a.

Next, carbon layers 80b are formed by sputtering
or the like, on the sides of the wires 73 and the
upper surfaces thereof. The carbon layers 80b are
subjected to anisotropic etching, whereby those
portions of the carbon layers 80b which lie on the
upper surfaces of the wires 73 are removed, as is
illustrated in FIG. 229.

Further, as shown in FIG. 230, the insulating

layer 74 is formed by sputtering or CVD to a thickness
of 0.05um, on the insulating layer 72, the carbon
layers 80a and the upper surfaces of the wires 73.
If the insulating layer 74 is made of oxide, it should
better be formed by sputtering, not CVD, because the
carbon layers 80b would be eroded by the oxygen 0y
contained in the reaction gas applied in CVD to form
the insulating layer 74.

Thereafter, the carbon layers 80b are ashed,

thereby providing cavities 75 filled with a mixture gas
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of mainly oxygen (O,) and carbon dioxide (CO,), as is
shown in FIG. 231. The ashing of the layer'BOb can be
performed by one of two alternative methods.

The first method is to heat the carbon layers
and 80b in an oxygen atmosphere (i.e., an atmosphere
containing oxygen, such as the atmosphere) at 400 to
4507C for about two hours. 1In the first method, the
carbon layers 80b slowly change into carbon dioxide
(COy), not expanding to break the insulating layer 74.
However, it takes a long time to ashes the carbon
layers 80b. The second method is oxygen-plasma
process. In the second method, the carbon layers 80b
change into carbon dioxide (CO,) at high speed, but may:
expand, possibly breaking the insulating layer 74.
Nonetheless, breakage of the layer 74 can be prevented
by modifying the layer 74 or by decreasing the oxygen-
plasma process temperature.

The cavities 75 may be filled with air, not the
mixture gas. This can be accomplished by opening the
cavities 75 to the atmosphere or by supplying air into
the cavities 75 through holes made in the device
package.

Finally, as shown in FIG. 232, an insulating layer
76 having a small dielectric constant, e.g., a silicon
oxide layer containing fluorine, is formed on the
insulating layer 74. The upper surface of the

insulating layer 76 is made flat by means of CMP or the
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like.

In the method described above, the carbon layers
80b formed on the sides of the carbon layers 73 are
ashed, thereby providing cavities. The sides of each
wire 73 are thereby exposed to the mixture gas.

The semiconductor device shown in FIG. 226 can
therefore be formed easily. 1In addition, the parasitic
capacitance among the wires 73 is effectively reduced
since the edges of each wire 73, where electric charge
is likely to concentrate, exist in one cavity 75.

As has been described, the semiconductor devices
and the methods of manufacturing the same, all
according to the present invention, are advantageous
in the following respects.

The spaces among the wires located at the same
level and the spaces among the wires located at
different levels are filled with either air or
a mixture gas of mainly oxygen (0,) and carbon dioxide
(COy). Air and the mixture gas have a dielectric
constant of about 1.0, which is far less than that of
silicon oxide or the like. The devices can, therefore,
be LSIs which have a higher packing density of elements
and a better performance than an LSI in which the
inter-wire spaces are filled with insulating layers
made of silicon oxide or the like.

Some other devices according to the invention have

a guard ring each. The guard ring is provided in the
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edges of the device chip, sealing the cavities provided
among the wires. It prevents water (H,0) from flowing
from the edges of the chip into the cavities.

In still some other devices of the present
invention, at least the sides of each wire are covered
with wire-protecting layers. Even if water (H,0) flows
the edges of the device chip into the cavities, the
wire-protecting layers prevent the water from reaching
the wires, thus protecting the wires against water.

The cavities provided among the wires may be
filled with air, not the mixture gas. This can be
accomplished by making, in the package encapsulating
the device, holes which connects the cavities to the
atmosphere. The air can circulate in each cavity and
can efficiently dissipate heat from the device chip.
The semiconductor devices scarcely make errors due to
the heat generated in the chip.

In some semiconductor devices of the invention,
each wire has its sides covered with wire-protecting
layers. Hence, no hillocks will be formed on the sides
of the wires.

In manufacturing the devices according to the
present invention, a carbon layer or layers are ashed
by performing annealing in an oxygen atmosphere or by
carrying out oxygen plasma process. Thus, cavities can
be easily provided among the wires.

To increase the mechanical strength of the
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devices, a layer of material (e.g., silicon) which
reacts with wire may be formed on a carbon layer and
the wires. Alternatively, a metal oxide layer may be
provided which surrounds the wires, defining cavities.

In order to prevent the wires from being oxidized
while the carbon layer or layers are being ashed, the
wires may be protective layers which does not alloy
passage of oxygen.

In some of the semiconductor devices according to
this invention, each wire is located within a cavity.
Hence, the capacitance among the wires is effectively

reduced.
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What is claimed is:

1. A semiconductor device characterized by
comprising:

a semiconductor substrate (11, 21);

a first insulating layer (12, 25) provided on the
semiconductor substrate;

wires (13, 28a, 28b, W1l) of a first set provided
on the first insulating layer;

a second insulating layer (14, 30, 32) having via
holes and formed on the wires of the first set,
providing complete cavities (15, 31) among the wires of
the first set;

wires (35a, 35b, W2) of a second set provided on
the second insulating layer;

conductors (33a, 33b) of a first set filled in the
via holes of the second insulating layer and connecting
the wires of the first set to the wires of the second
set; and

a third insulating layer (37) provided on the
wires of the second set, providing complete cavities
(38) among the wires of the second set.

2. The device according to claim 1, characterized
in that said cavities provided among said wires of the
first set and the cavities provided among the wires of
the second set are filled with a mixture.gas consisting
of at least oxygen and oxygen dioxide.

3. The device according to claim 1, characterized

A
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in that said cavities provided among the wires of the
first set and the cavities provided among the wires of
the second set are filled with air.

4. The device according to claim 1, characterized
in that said first insulating layer has a flat surface.
5. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming a first insulating layer (12, 25) on
a semiconductor substrate (11, 21);

forming a solid layer (16, 39) on the first
insulating layer;

forming slits in the solid layer;

forming conductors (13, 28a, 28b) in the slits of
the solid layer, thereby forming wires of a first set;
forming a second insulating layer (14, 30, 32).on said
solid layer and said wires; and

oxidizing the solid layer, changing the same into
gas layers.

6. The method according to claim 5, characterized
in that said solid layer is a carbon layer, and the
carbon layer is ashed, thereby providing complete
cavities among said wires, which are filled with
a mixture gas consisting of at least oxygen and oxygen
dioxide.

7. The method according to claim 5, characterized

in that said solid layer is made of material which

S

remains solid at a temperature equal to or lower than .-

L

M
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a temperature at which the conductors are formed, and
which can be processed to have slits, and which can
easily change into gas when oxidized.

8. The method according to claim 1, characterized
in that said slits are formed by a series of steps of:
forming a mask layer (29) on said solid layer (39);
performing photo engraving process on the mask layer
(29); performing anisotropic etching on said solid
layer.(39), while using the mask layer (29) as a mask;
and removing the mask layer (29).

9. The method according to claim 8, characterized
in that said mask layer is formed by sputtering in the
case where said mask layer is made of oxide.

10. The method according to claim 5, characterized
in that said slits are formed by a series of steps of:

forming a resist on the solid layer;

pattering the resist;

performing anisotropic etching on said solid
layer, while using the resist as a mask; and

removing the resist.

11. The method according to claim 10,
characterized in that said resist is removed by
applying a solution of H,50, and Hy0,.

12. The method according to claim 5, characterized
in that said second insulating layer is formed by
sputtering in the case said second insulting layer is

made of oxide.
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13. The method according to claim 5, characterized
in that said solid layer is oxidized by heat treatment
in an oxygen atmosphere or by treatment in O;-plasma.

14. The method according to claim 5, characterized
by further comprising a step of filling the gas layers
after the step of oxidizing the solid layer.

15. A semiconductor device characterized by
comprising:

a semiconductor substrate (21) having a surface
region;

a semiconductor element (23, 24a, 24b) provided in
the surface region of the semiconductor substrate;

a first insulating layer (25) provided on the
semiconductor substrate, covering the semiconductor
element and having contact holes;

wires (28a, 28b, W1l) of a first set provided on
the first insulating layer;

conductors (26a, 26b) of a first set provided in
the contact holes of the first insulating layer and
connecting the semiconductor element to the wires of
the first set; and

a second insulating layer (30, 32) having via
holes and formed on the wires of the first set,
providing complete cavities among the wires of the
first set.

16. The device according to claim 15,

characterized by further comprising:
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wires (35a, 35b, W2) of a second set provided on
said second insulating layer;

conductors (33a, 33b) of a second set provided
in via holes of said second insulating layer and
connecting said wires of the first set to said wires of
the second set; and

a third insulating layer (37) provided on said
second insulating layer, providing complete cavities
among said wires of the second set.

17. The device according to claim 16,
characterized in that said cavities provided among the
wires of the first set and the cavities provided among
the wires of the second set are filled with a mixture
gas consisting of at least oxygen and oxygen dioxide.

18. The device according to claim 16,
characterized in that said cavities provided among the
wires of the first set and the cavities provided among
the wires of the second set are filled with air.

19. The device according to claim 16,
characterized in that said first and third insulating
layers have a flat surface each.

20. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming a semiconductor element (23, 24a,24b) in
a surface region of a semiconductor substrate (21);
forming a first insulating layer (25) on the

semiconductor substrate, covering the semiconductor
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element;

forming contact holes in the first insulating
layer, said contact holes reaching the semiconductor
element;

forming conductors (26a, 26b) of a first type in
the contact holes of the first insulating layer;

forming a first solid layer (39) on the first
insulating layer and the conductors of the first set;

forming slits of a first set in the first solid
layer;

forming conductors (28a, 28b) in the slits of the
first set, thereby forming wires of a first set;

forming a second insulating layer (30) on the
first solid layer and the wires of the first set; and

oxidizing the first solid layer, thereby changing
the same into gas layers.

21. The method according to claim 20,
characterized by further comprising the steps of:

forming a third insulating layer (32) on said
second insulating layer;

forming via holes in said first and second
insulating layers, said via holes reaching said wires
of the first set; |

forming conductors (33a, 33b) of a second set in
the via holes of said first and second insulating
layers;

forming a second solid layer on said third

A O 0 0
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insulating layer and said conductors of the second set;

forming slits of a second set in said second solid
layer;

forming conductors (35a, 35b) in said slits of the
second set, thereby forming wires of a second set;

forming a fourth insulating layer (37) on said
second solid layer and said wires of the second set;
and oxidizing the second solid layer, thereby changing
the same into gas layers.

22. The method according to claim 21,
characterized in that said first and second solid
layers are carbon layers, the carbon layers are ashed,
thereby providing complete cavities among said wires of
the first set_and among said wires of the second set,
which are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

23. The method according to claim 21,
characterized in that said first and second solid
layers are made of material which remain solid at
a temperature equal to or lower than a temperature at
which said conductors are formed in the slits of the
first and second sets, and which can be processed to
have slits, and which can easily change into gas when
oxidized.

24. The method according to claim 20,
characterized in that said slits of the first set are

formed by the steps of: —
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forming a mask layer on said first solid layer;

subjecting the mask layer to photo engraving
process; and

subjecting said first solid layer to anisotropic
etching, while using said mask layer as a mask.

25. The method according to claim 1, characterized
in that said slits of the first set are formed by the
steps of:

forming a mask layer on said first solid layer;

subjecting the mask layer to photo engraving
process; |

subjecting said first solid layer to anisotropic
etching, while using said mask layer as a mask; and

removing said mask layer.

26. The method according to claim 21,
characterized in that said slits of the second set are
formed by the steps of:

forming a mask layer on said second solid layer;

subjecting the mask layer to photo engraving
process; and

subjecting said second solid layer to anisotropic
etching, while using the mask layer as a mask.

27. The method according to claim 21,
characterized in that said slits of the second set are
formed by the steps of:

forming a mask layer on said second solid layer;

subjecting the mask layer to photo engraving
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process;
subjecting said second solid layer to anisotropic
etching, while using said mask layer as a mask; and
removing said mask layer.

28. The method according to any one of claims 24
to 27, characterized in that said mask layer is formed
by sputtering in the case where said mask layer is made
of oxide.

29. The method according to claim 10,
characterized in that said second insulating layer is
formed by sputtering in the case said second insulating
layer is made of oxide.

30. The method according to claim 21,
characterized in that said fourth insulating layer is
formed by sputtering in the case said fourth insulating
layer is made of oxide.

31. The method according to claim 21,
characterized in that said first and second solid
layers are oxidized by heat treatment in an oxygen
atmosphere or by treatment in O,-plasma.

32. The method according claim 21, characterized
by further comprising a step of filling the first and
second gas layers with air after the step of oxidizing
the solid layer.

33. A semiconductor device characterized by
comprising:

a semiconductor substrate (21); S
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a first insulating layer (25) provided on said
semiconductor layer;

wires (28a, 28b, Wl1l) of first set provided on said
first insulating layer;

a second insulating layer (30) having contact
holes and provided on said wires of the first set,
providing complete cavities among said wires of the
first set;

a plurality of columnar conductors (33a, 33b)
provided in the contact holes of said second insulating
layer, extending upwards and connected to said wires of
the first set:

a third insulating layer (43) having contact holes
and provided on said columnar conductors, providing
complete cavities (40) among said columnar conductors;

wires (35a, 35b, W2) of a second set provided on
said third insulating layer, extending through the
contact holes of said third insulating layer and
connected to said columnar conductors:; and

a fourth insulating layer (37) provided on said
wires of the second set, providing complete cavities
(38) among said wires of the second set.

34. The device according to claim 33,
characterized in that said cavities provided among the
wires of the first set, among the columnar conductors
and among the wires of the second set are filled with

a mixture gas consisting of at least oxygen and oxygen
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dioxide.

35. The device according to claim 33,
characterized in that said cavities provided among the
wires of the first set, among the columnar conductors
and among the wires of the second set are filled air.

36. The device according to claim 33,
characterized in that said second, third and fourth
insulating layers have a flat surface each.

37. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming a first insulating layer (25) on
a semiconductor substrate (21);

forming a first solid layer (39) on said first
insulating layer;

forming slits of a first set in said first solid
layer;

forming conductors (28a, 28b) of a first set in
said slits of the first set, thereby forming wires of
a first set;

forming a second insulating layer (20) on the
first solid layer and said wires of the first set;

oxidizing said first solid layer, changing the
same into gas layers of a first set;

forming a second solid layer (41) on said second
insulating layer;

forming contact holes of a first in said second

solid layer and said second insulating layer, said
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contact holes of the first set reaching said wires of
the first set;

forming columnar conductors (33a 33b) in said
contact holes of the first set;

forming a third insulating layer (43) on said
second solid layer and said columnar conductors;

forming a third solid layer on said third
insulating layer;

forming slits of a second set in said third
insulating layer;

forming contact holes of a second set in said
third insulating layer, said contact holes of the
second set reaching said columnar conductors;

forming conductors (35a, 35b) in said slits of the
second set, thereby forming wires of a second set;

forming a fourth insulating layer (37) on said
third solid layer and said wires of the second set; and

oxidizing said second and third solid layers,
changing the same into gas layers of a second set and
gas layers of a third set.

38. The method according to claim 37,
characterized in that said first, second and third
solid layers are carbon layers, said carbon layers are
ashed, thereby providing complete cavities among said
wires of the first set, among said wires of the second
set and among said columnar conductors, which are

filled with a mixture gas consisting of at least oxygen
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and oxygen dioxide.

39. The method according to claim 37,
characterized in that said first, second and third
solid layers are made of material which remain solid at
a temperature equal to or lower than a temperature at
which said conductors are formed in said slits of the
first and second sets and in said contact holes of the
first and second sets, and which can be processed to
have said slits of the first set, said slits of the
second set or said contact holes of the first set, and
which can easily change into gas when oxidized.

40. The method a&cording to claim 37,
characterized in that said slits of the first set are
formed the steps of:

forming a mask layer on said first solid layer;
subjecting said mask layer to photo engraving process;
and

subjecting said first solid layer to anisotropic
etching, while using said mask layer as a mask.

41. The method according to claim 37,
characterized in that said slits of the first set are
formed by the steps of:

forming a mask layer on the first solid layer;

subjecting the mask layer to photo engraving
process;

subjecting the first solid layer to anisotropic

etching, while using the mask layer as a mask; and
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removing the mask layer.

42. The method according to claim 37,
characterized in that said contact holes of the first
set are formed by forming a mask layer on said second
solid layer, subjecting said mask layer to photo
engraving procegs; and subjecting said second solid
layer to anisotropic etching, while using said mask
layer as a mask.

43. The method according to claim 37,
characterized in that said contact holes of the first
set are formed by forming a mask layer on said second
solid layer, subjecting said mask layer to photo
engraﬁing process, subjecting said second solid layer
to anisotropic etching, while using said mask layer as
a mask, and removing said mask layer.

44. The method according to claim 37,
characterized in that said slits of the second set are
formed by forming a mask layer on said third solid
layer, subjecting said mask layer to photo engraving
process, and subjecting said third solid layer to
anisotropic etching, while using said mask layer as
a mask.

45. The method according to claim 37,
characterized in that said slits of the second set are
formed by forming a mask layer on said third solid
layer, subjecting said mask layer to photo engraving

process; subjecting said third solid layer to
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anisotropic etching, while using said mask layer as
a mask, and removing said mask layer.

46. The method according to any one of claims 40
to 45, characterized in that said mask layer is formed
by sputtering in the case where said mask layer is made
of oxide.

47. The method according to claim 37,
characterized in that said second, third and fourth
insulating layers are formed by sputtering in the case
where said second, third and fourth insulating layers
are made of oxide.

| 48. The method according to claim 37,
characterized in that said_first, second and third
solid layers are oxidized by heat treatment in
an oxygen atmosphere or by treatment in Op-plasma.

49. The method according to claim 37,
characterized by further comprising a step of filling
the first, second and third gas layers with air after
the step of oxidizing the solid layer.

50. A semiconductor device characterized by
comprising:

a semiconductor substrate (21);

a first insulating layer (25) provided on said
semiconductor layer;

wires (28a, 28b, Wl) of-a first set provided on
said first insulating layer;

a second insulating layer (30) having contact
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holes and provided on said wires of the first set,
providing complete cavities (31) among said wires of
the first set;

wires (35a, 35b, W2) of a second set connected to
said wires of the first set, each consisting of
an upper part shaped like a strip and a columnar lower
part having a lower end formed in one contact of said
second insulating layer;

a third insulating layer (43) provided at
a junction between the upper parts, on one hand, and
lower parts,.on the other, of said wires of the second
set, providing; and

a fourth insulating layer (37) provided on said
wires of the second set, providing complete cavities
among the upper parts of said wires of the second set.

51. The device according to claim 50,
characterized in that said cavities provided among said
wires of the first set and among said wires of the
second set are filled with a mixture gas consisting of
at least oxygen and oxygen dioxide.

52. The device according to claim 50,
characterized in that said cavities provided among said
wires of the first set and among said wires of the
second set are filled with air.

53. The device according to claim 50,
characterized in that said second, third and fourth

insulating layers have a flat surface each.
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54. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:
forming a first insulating layer (25) on
a semiconductor substrate (21);
forming a first solid layer (39) on said first
insulating layer;
forming slits of a first set in said first
insulating layer;
forming conductors (28a, 28b) of a first set in
said slits of the first set, thereby forming wires of
a first set;
forming a second insulating layer (30) on said
first solid layer and said wires of the first set;
6xidizing said first solid layer, changing the
same into gas layers;
forming a second solid layer (41) on said second
insulating layer;
forming a third insulating layer (43) on said
second solid layer;
forming a third solid layer (44) on said third
insulating layer;
forming slits of a second set in said third solid
layer;
forming contact holes in said third insulating
layer, said second solid layer and said second
insulating layer, said contact holes reaching said

wires of the first set;
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forming conductors (35a, 35b) of a second set in
said slits of the second set and said contact holes of
the second set, thereby forming wires of a second set;

forming a fourth insulating layer (37) on said
third solid layer and said wires of the second set;

oxidizing said second and third solid layers,
changing the same into gas layers of a first set and
gas layers of a second set.

55. The method according to claim 54,
characterized in that said first, second and third
solid layers are carbon layers, the carbon layers are
ashed, thereby providing complete cavities among said
wires of the first set, among said wires of the second
set and and among said columnar conductors, which are
filled with a mixture gas consisting of at least oxygen
and oxygen dioxide.

56. The method according to claim 54 characterized
in that said first, second and third solid layers are
made of material which remain solid at a temperature
equal to or lower than a temperature at which said
conductors are formed in said slits of the first and
second sets and in said contact holes of the first and
second sets, and which can be processed to have slits
and contact holes, and which can easily change into gas
when oxidized.

57. The method according to claim 54,

characterized in that said slits of the first set are
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formed by forming a mask layer on said first solid
layer, subjecting said mask layer to photo engraving
process, and subjecting said first solid layer to
anisotropic etching, while using said mask layer as
a mask.

58. The method according to claim 54,
characterized in that said slits of the first set are
formed by forming a mask layer on said first solid
layer, subjecting said mask layer to photo engraving
process, subjecting said first solid layer to
anisotropic etching, while using said mask layer as
a mask, and removing said mask layer.

59. The method according to claim 57 or 58,
characterized in that said mask layer is formed by
sputtering in the case said mask layer is made of
oxide.

60. The method according to claim 54,
characterized in that said slits of the second set are
formed by forming a resist on said third solid layer,
patterning said resist, subjecting said third solid
layer to anisotropic etching, while using said resist
as a mask, and removing said resist.

61. The method according to claim 54,
characterized in that said contact holes are formed by
forming a resist on said second solid layer and said
third insulating layer, pattering said resist,

subjecting said third insulating layer and said second
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solid layer to anisotropic etching, while using said
resist as a mask, removing said resist layer; and
etching said second insulating layer. |

62. The method according to claim 54,
characterized in that said second, third and fourth
insulating layers are formed by sputtering if said
second, third and fourth insulating layers are made of
oxide.

63. The method according to claim 54,
characterized in that said first, second and third
solid layers are oxidized by heat treatment in
an oxygen atmosphere or by treatment in O,-plasma.

64. The method according to claim 54,
characterized by further comprising a step of filling
the first, second and third gas layers with air after
the step of oxidizing the solid layer.

65. The device according to claim 1, characterized
by further comprising a guard ring (28c, 33c, 35c)
provided on said first insulating layer, being similar
in structure to the wires, and surrounding the wires.

66. The device according to claim 16,
characterized by further comprising a guard ring (28c,
35c) comprising a first portion (28c) provided on said
first insulating layer, being similar in structure to
said wires of the first set and surrounding said wires
of the first set, and a second portion (35c) provided

on said second insulating layer, being similar in
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structure to said wires of the second set and
surrounding said wires of the second set.

67. The device according to claim 33,
characterized by further comprising a guard ring (28c,
33c, 35c) comprising a first portion (28c) provided on
said first insulating layer, being similar in structure
to said wires of the first set and surrounding said
wires of the first set, a second portion (35c) provided
on said third insulating layer, being similar in
structure to said wires of the second set and
surrounding said wires of the second set, and a third
portion (33c) provided between said wires of the first
set on the one hand and said wires of the second set on
the other hand, being similar in structure to said
conductors and surrounding said conductors.

68. The device according to claim 50,
characterized by further comprising a guard ring (28c,
35c) comprising a first portion (28c) provided on said
first insulating layer, being similar in structure to
said wires of the first set and surrounding said wires
of the first set, and a second portion (35c) provided
on said second insulating layer, being similar in
structure to said wires of the second set and
surrounding said wires of the second set.

69. The device according to any one of claims 65
to 68, which is formed in a chip region of a wafer or

in a chip cut from a wafer, and in which said guard
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ring is provided in the edges of said chip region or
said chip.

70. The device according to claim 1, characterized
in that each of said wires has a bottom and sides
covered with wire-protecting layers (50a, 50b, 51a,
51b) which are electrically conductive, which are
resistant to chemicals and which are hard to oxidize.

71. The device according to claim 1, each of said
wires has sides covered with wire-protecting layers
(50a, 50b, 51a, 51b) which are electrically conductive,
which are resistant to chemicals and which are hard to
oxidize.

72. The device according to claim 16, each of said
wires of the first and second sets has a bottom and
sides covered with wire-protecting layers (50a, 50b,
5la, 51b) which are electrically conductive, which are
resistant to chemicals and which are hard to oxidize.

73. The device according to claim 16, each of said
wires has sides covered with wire-protecting layers
(50a, 50b, 5la, 51b) which are electrically conductive,
which are resistant to chemicals and which are hard to
oxidize.

74. The device according to claim 50, each of said
wires of the first and second sets has a bottom and
sides covered with wire-protecting layers (50a, 50Db,
5la, 51b) which are electrically conductive, which are

resistant to chemicals and which are hard to oxidize.
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75. The device according to claim 50, each of said
wires has sides covered with wire-protecting layers
(50a, 50b, 51a, 51b) which are electrically conductive,
which are resistant to chemicals and which are hard to
oxidize.

76. The device according to claim 1, characterized
by further comprising dummy wires (D1l) being similar in
structure to said wires, provided among said wires and
supporting said second insulating layer.

77. The device according to claim 16,
characterized by further comprising dummy wires (D1) of
a first set which are similar in structure to said
wires of the first set, which are provided among said
wires of the first set and which support said second
insulating layer, and dummy wires (D2) of a second set
which are similar in structure to said wires of the
second set, which are provided among said wires of the
second set and which support said third insulating
layer.

78. A semiconductor device characterized by
comprising:

a semiconductor substrate (11);

a first insulating layer (12) provided on said
semiconductor substrate;

a plurality of wires (13) provided on said first
insulating layer;

a second insulating layer (14) provided above said
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wires, providing complete cavities (15) among said
wires; and

coupling layers (61) each interposed between one
wire and said second insulating layer and firmly
coupling said wire with said second insulating layer.

79. The device according to claim 78,
characterized in that said second insulating layer is
made of silicon oxide, and said coupling layers are is
made of material obtained by reacting silicon with the
material of said wires.

80. The device according to claim 78,
characterized in that said second insulating layer is
a metal oxide layer, and said coupling layers are made
of material obtained by reacting the metal of said
metal oxide layer with the material of said wires.

81. The device according to claim 78,
characterized in that said cavities provided among said
wires are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

82. The device according to claim 78,
characterized in that said cavities provided among said
wires are filled with air.

83. The device according to claim 78,
characterized in that said second insulating layer has
a flat surface.

84. A method of manufacturing a semiconductor

device, characterized by comprising the steps of:
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forming an insulating layer (12) on
a semiconductor substrate (1);

forming a solid layer (16) on said insulating
layer;

forming a plurality of slits in said solid layer;

forming conductors (13) in said slits, thereby
forming a plurality of wires;

forming a silicon layer (60) on said solid layer
and said wires;

oxidizing said solid layer, changing the same to
gas layers and said silicon layer into a silicon oxide
layer (14), thereby forming coupling layers (61) which
firmly couple said wires with said silicon layer.

85. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming an insulating layer (12) on
a semiconductor substrate (11);

forming a solid layer (16) on said insulating
layer;

forming a plurality of slits in said solid layer;

forming conductors (13) in said slits, thereby
forming a plurality of wires;

forming a metal layer (60) on said solid layer and
said wires;

oxidizing said solid layer, changing the same to
gas layers, and said metal layer (60) to a metal oxide

layer (14), thereby forming coupling layers (61) which
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firmly couple said wires with said metal layer.

86. The method according to claim 84 or 85,
characterized in that said solid layer is a carbon
layer, and the carbon layer is ashed, thereby providing
complete cavities among said wires, which are filled
with a mixture gas consisting of at least oxygen and
oxygen dioxidé.

87. The method according to claim 84 or 85,
characterized in that said solid layer is made of
material which remain solid at a temperature equal to
or lower than a temperature at which said conductors
are formed, and which can be processed to have slits,
and which can easily change into gas when oxidized.

88. The method according to claim 84 or 85,
characterized in that said slits are formed by forming
a mask layer on said solid layer, performing photo
engraving process on said mask layer, performing
anisotropic etching on said solid layer, while using
said mask layer as a mask, and removing said mask
layer.

89. The method according to claim 88,
characterized in that said mask layer is formed by
sputtering in the case where said mask layer is made of
oxide.

90. The method according to claim 84 or 85,
characterized in that said slits are formed by forming

a resist on said solid layer, pattering said resist,
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performing anisotropic etching on said solid layer,
while using said resist as a mask, and removing said
resist.

91. The method according to claim 90,
characterized in that said resist is removed by
applying a solution of H,SO, and H,0,.

92. The method according to claim 84 or 85,
characterized in that said solid layer is oxidized by
heat treatment in an oxygen atmosphere or by treatment
in Oj-plasma.

93. The method according to claim 84 or 85,
characterized by further characterized by comprising
a step of filling the gas layers with air after the
step of oxidizing the solid layer.

94. A semiconductor device characterized by
comprising:

a semiconductor substrate (11);

a first insulating layer (12) provided on the said
semiconductor substrate;

a plurality of wires (13) provided on said first
insulating layer;

metal oxide or nitride layers (63) provided the
sides of said wires and defining cavities (15) among
said wires;

metal layers (62) interposed between said first
insulating layer and said wires; and

a second insulating layer (64) provided on said
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wires and said metal oxide or nitride layers.

95. The device according to claim 94,
characterized in that said metal oxide or nitride
layers are made of an oxide or nitride of the same
material as said metal layers.

96. The device according to claim 95,
characterized in that said metal layer metal layers are
made of one material selected from the group consisting
of zirconium, hafnium, beryllium, magnesium, scandium,
titanium, manganese, cobalt, nickel, yttrium, indium,
barium, lanthanum, cerium, ruthenium, lead, bismuth,
thorium and chromium.

97. The device according to claim 94;
characterized in that said first insulating layer has
contact holes, which are filled with conductors, and
the conductors contact said metal layers.

98. The device according to claim 94,
characterized in that said cavities provided among said
wires are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

99. The device according to claim 94,
characterized in that said cavities provided among said
wires are filled with air.

100. The device according to claim 94,
characterized in that said second insulating layer has
a flat surface.

101. A method of manufacturing a semiconductor
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device, characterized by comprising the steps of:

forming a first insulating layer (12) on
a semiconductor substrate (11);

forming a solid layer (16) on said first
insulating layer;

forming a plurality of slits in said solid layer;

forming a metal layer (62) on said solid layer and
the inner surfaces of said slits;

forming conductors (13) in said slits, thereby
forming a plurality of wires;

oxidizing said solid layer, thereby changing the
same into gas layers;

dxidizing or nitriding those parts of said metal
layer (62) which are provided above said cavities and
sides of said wires, thereby forming second insulating
layers (63); and

forming a third insulating layer (64) on said
wires and said second insulating layers.

102. A method of manufacturing a semiconductor

device, characterized by comprising the steps of:

forming a first insulating layer (12) on
a semiconductor substrate (11);

forming a solid layer (16) on said first
insulating layer;

forming a plurality of slits in said solid layer;

forming a metal layer (62) on said solid layer and

the inner surfaces of said slits;
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forming conductors (13) in said slits, thereby
forming a plurality of wires;

oxidizing said solid layer, thereby changing the
same into gas layers, and simultaneously oxidizing
those parts of said metal layer (62) which are provided
above said cavities and sides of said wires, thereby
forming metal oxide layers (63); and

forming a second insulating layer (64) on said
wires and said metal oxide layers.

103. The method according to claim 101 or 102,
characterized in that said solid layer is a carbon
layer, and the carbon layer 'is ashed, thereby providing
complete cavities among said wires, which are filled
with a mixture gas consisting of at least oxygen and
oxygen dioxide.

104. The method according to claim 101 or 102,
characterized in that said solid layer is made of
material which remain solid at a temperature equal to
or lower than a temperature at which said conductors
are formed, and which can be processed to have slits,
and which can easily change into gas when oxidized.

105. The method according to claim 101 or 102,
characterized in that said slits are formed by forming
a mask layer on said solid layer, performing photo
engraving process on said mask layer, performing
anisotropic etching on said solid layer, while using

said mask layer as a mask, and removing said mask
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layer.

106. The method according-to claim 105,
characterized in that said mask layer is formed by
sputtering in the case where said mask layer is made of
oxide.

107. The method according to claim 102,
characterized in that said slits are formed by forming
a resist on said solid layer, pattering said resist,
performing anisotropic etching on said solid layer,
while using said resist as a mask, and removing said
resist.

108. The method according to claim 107,
characterized in that said resist is removed by
applying a solution of H,S0,; and Hjy05.

109. The method according to claim 101 or 102,
characterized in that said solid layer is oxidized by
heat treatment in an oxygen atmosphere or by treatment
in Oé;plasma.

110. The method according to claim 101 or 102,
characterized by further characterized by comprising
a step of filling the gas layers with air after the
step of oxidizing the solid layer.

111. The method according to claim 101,
characterized in that said metal layer is oxidized or
nitrided in an oxygen atmosphere or nitrogen
atmosphere.

112. A semiconductor device characterized by
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comprising:

a semiconductor substrate (21);

a first insulating layer (22) provided on said
semiconductor substrate;

a plurality of wires (28a, 28b) provided on the -
first insulating layer;

wire-protecting metal layers (65), each covering
sides and bottom of one wire and prohibiting passage of
oxygen;

wire-protecting layers (67), each covering top of
one wire and prohibiting passage of oxygen; and

a second insulating layer (68) provided on said
wire-protecting layers, defining complete cavities (31)
among said wires.

113. The device according to claim 112,
characterized in that said wire-protecting metal layers
are two-layered members comprised of a titanium layer
and a titanium nitride layer or titanium silicon
nitride layers.

114. The device according to claim 112,
characterized in that said wire-protecting layers are
two-layered members comprised of a titanium layer and
a titanium nitride layer, or titanium silicon nitride
layers or silicon nitride layers.

115. The device according to claim 112,
characterized in that said first insulating layer has

contact holes, which are filled with conductors, and
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the conductors contact said metal layers.

116. The device according to claim 112,
characterized in that said cavities provided among said
wires are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

117. The device according to claim 112,
characterized in that said cavities provided among said
wires are filled with air.

118. The device according to claim 112,
characterized in that said second insulating layer has
a flat surface.

119. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

" forming a first insulating layer (25) on
a semiconductor substrate (21);

forming a solid layer (32) on said first
insulating layer;

forming a plurality of slits in said solid layer;

forming a first wire-protecting metal layer (65)
on the inner surfaces of the slits and on the solid
layer, said first wire-protecting metal layer
prohibiting passage of oxygen;

forming conductors (28a, 28b) on said
wire-protecting metal layer;

polishing or etching said wire-protecting metal
layer and said conductors, leaving wire-protecting

metal layers and conductors in said slits, thereby
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forming wires;

forming wire-protecting layers (67) on said wires,
respectively, said wire-protecting layers prohibiting
passage of oxygen;

forming a second insulating layer (68) on said
solid layer and said wire-protecting layers; and

oxidizing said solid layer, changing the same into
gas layers.

120. The method according to claim 119,
characterized in that said wire-protecting metal layer
and said conductors are polished or etched until the
surfaces of said wire-protecting metal layer and said
conductors are located lower than the surface of said
solid layer. .

121. The method according to claim 119,
characterized in that said solid layer is a carbon
layer, and the carbon layer is ashed, thereby providing
complete cavities among said wires, which are filled
with a mixture gas consisting of at least oxygen and
oxygen dioxide.

122. The method according to claim 119,
characterized in that said solid layer is made of
material which remain solid at a temperature equal to
or lower than a temperature at which said conductors
are formed, and which can be processed to have slits,
and which can easily change into gas when oxidized.

123. The method according to claim 119,
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characterized in that said slits are formed by forming
a mask layer on said solid layer, performing photo
engraving process on said mask layer, performing
anisotropic etching on said solid layer, while using
said mask layer as a mask, and removing said mask
layer.

124. The method according to claim 123,
characterized in that said mask layer is formed by
sputtering in the case where said mask layer is made of
oxide. |

125. The method according to claim 119,
characterized in that said slits are formed by forming
a resist on said solid layer, pattering said resist,
performing anisotropic etching on said solid layer,
while using said resist as a mask, and removing said
resist.

126. The method according to claim 125,
characterized in that said resist is removed by
applying a solution of H,S04 and Hy0,.

127. The method according to claim 119,
characterized in that said second insulating layer is
formed by sputtering in the case said second insulating
layer is made of oxide.

128. The method according to claim 119,
characterized in that said solid layer is oxidized by
heat treatment in an oxygen atmosphere or by treatment

in Oy-plasma.
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129. The method according to claim 119,
characterized by further comprising a step of filling
the gas layers with air after the step of oxidizing the
solid layer.

130. An semiconductor device characterized by
comprising:

a semiconductor substrate (71);

a first insulating layer (72) provided on said
semiconductor layer;

a plurality of ‘wires (73) provided on said first
insulating layer;

a second insulating layer (74) covering sides and
top of said wires and spaced apart from said wires,
proving cavities (75); and

a third insulating layer (76) provided on said
second insulating layer, having portions located among
said wires. |

131. An semiconductor device characterized by
comprising:

a semiconductor substrate (71);

a first insulating layer (72) provided on said
semiconductor layer;

a plurality of wires (73) provided on said first
insulating layer: |

a second insulating layer (74) covering sides top
of said wires and spaced apart from said wires, proving

cavities (75); and
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a third insulating layer (76) provided on said
second insulating layer, having portions located among
said wires.

132. The device according to claim 130 or 131,
characterized in that said cavities provided among said
wires are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

133. The device according to claim 130 or 131,
characterized in that said cavities provided among said
wires are filled with air.

134. The device according to claim 131 or 132,
characterized in that said second insulating layer has
a flat surface.

135. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming a first insulating layer (72) on
a semiconductor substrate (71);

forming a conductive layer (73a) on said first
insulating layer;

forming a first solid layer (80a) on said
conductive layer;

etching said first solid layer and said conductive
layer, thereby forming a plurality of wires'(73);

forming second solid layers (B0b) on sides of said
wires;

forming a second insulating layer (74) on said

first and second solid layers;
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oxidizing said first and second solid layers,
changing the same into gas layers, whereby said wires
are placed in the gas layers.

136. The method according to claim 135,
characterized in that said first and second solid
layers are carbon layers, the carbon layers are ashed,
thereby providing complete cavities among said wires of
the first set and among said wires of the second set,
which are filled with a mixture gas consisting of at
least oxygen and oxygen dioxide.

137. The method according to claim 135,
characterized in that said first and second solid
layers are made of material which can be processed to
have slits and which can easily change into gas when
oxidized.

138. The method according to claim 135,
characterized in that said wires are formed by forming
a mask layer on said first solid layer, performing
photo engraving process on said mask layer, and
perfofming anisotropic etching on said first solid
layer and said conductive layer, while using said mask
layer as a mask.

139. The method according to claim 138,
characterized in that said mask layer is formed by
sputtering in the case where said mask layer is made of
oxide.

140. The method according to claim 138,

1
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characterized in that said mask layer is removed after
the anisotropic etching is performed on said first
solid layer and said conductive layer.

141. The method according to claim 135,
characterized in that said wires are formed by forming
a resist on said solid layer, pattering said resist,
perfofming anisotropic etching on said solid layer,
while using said resist as a mask, and removing said
resistl

142, The method according to claim 141,
characterized in that said resist is removed by
applying a solution of H,S0, and H;0,.

143. The method according to claim 135,
characterized in that said second insulating layer is
formed by sputtering in the case said second insulating
layer is made of oxide.

144. The method according to claim 135,
characterized in that said first and second solid
layers are oxidized by heat treatment in an oxygen
atmosphere or by treatment in Oj-plasma.

145. The method according to claim 135,
characterized by further comprising a step of filling
the gas layers with air after the step of oxidizing the
solid layer.

146. A method of manufacturing a semiconductor
device, characterized by comprising the steps of:

forming a first insulating layer (72) on
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a semiconductor substrate (71);

forming a conductive layer (73a) on said first
insulating layer;

etching said conductive layer, thereby forming
a plurality of wires (73);

forming solid layers (80a) on sides of said wires;

forming a second insulating layer (74) on said
solid layers; and

oxidizing said solid layers, changing the same to
gas layers (75), whereby the sides of each wire are
located in a gas layer.

147. The method according to claim 146,
characterized in that said solid layers are carbon
layers, and the carbon layers are ashed, thereby
providing complete cavities among said wires, which are
filled with a mixture gas consisting of at least oxygen
and oxygen dioxide. ‘

148. The method according to claim 146,
characterized in that said solid layers are made of
material which can be processed to have slits and which
can easily change into gas when oxidized.

149. The method according to claim 146,
characterized in that said second insulating layer is
formed by sputtering in the case said second insulating
layer is made of oxide.

150. The method according to claim 146,

characterized in that said solid layers are oxidized by
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heat treatment in an oxygen atmosphere or by treatment
in 02—plaéma.

151. The method according to claim 146,
characterized by further comprising a step of filling
the gas layers with air after the step of oxidizing the
solid layer.

152. A method of etching a solid layer,
characterized by comprising the steps of:

forming a solid layer which is changed into a gas
layer when oxidized;

forming a mask layer on said solid layer;

performing photo engraving process on said mask
layer; and

performing anisotropic etching on said solid
layer, while using said mask layer as a mask.

153. The method according to claim 152,
characterized in that said mask layer is formed by
spﬁtteriﬁg in the case said mask layer is made of
oxide.

154. A method of etching a solid layer,
characterized by comprising the steps of:

forming a solid layer which changes into a gas
layer when oxidized;

forming a resist on said solid layer;

patterning said resist;

performing anisotropic etching on said solid

layer, while using said resist as a mask; and
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removing said resist by applying a solution bf
H,80, and H;0,.

155. A semiconductor device characterized by

comprising:

a semiconductor substrate;

a first insulating layer provided on said
semiconductor substrate;

a plurality of wires provided on said first
insulating layer; and

a second insulating layer provided on said wires,
providing cavities among said wires, which are filled
with a mixture gas consisting of at least oxygen and
oxygen dioxide.

156. The device according to claim 155,
characterized in that the oxygen dioxide in said
cavities has a concentration higher than in the
atmosphere.

157. A semiconductor device, substantially as
hereinbefore described with reference to FIGS. 1, 7,
23, 34, 40, 46, 53, 60, 67, 74 to 86, 102, 113, 120,
127, 143, 154, 161, 168 to 170, 177, 184, 199, 212,
219, 226.

158. A method of manufacturing a semiconductor
device, substantially as hereinbefore described with
reference to FIGS. 2 to 6, 8 to 22, 24 to 33, 35 to 39,
41 to 45, 47 to 52, 54 to 59, 61 to 66, 68 to 73, 87 to

101, 103 to 112, 114 to 119, 121 to 126, 128 to 142,
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144 to 153, 155 to 160, 162 to 167, 171 to 176, 178 to
183, 185 to 196, 200 to 211, 213 to 218, 220 to 225,
227 to 232.
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