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The top surface of a P-type semiconductor substrate is
partitioned into an active region to be formed with an
element and an isolation region surrounding the active
region. The isolation region is composed of trench portions
and dummy semiconductor portions. An interlayer insulat-
ing film is deposited on the substrate, followed by a wire
formed thereon. In each of the semiconductor portions, an
impurity diffusion layer is formed simultaneously with the
implantation of ions into the element so that a PN junction
is formed between the impurity diffusion layer and the
silicon substrate. A capacitance component of the wiring-
to-substrate capacitance in the region containing the semi-
conductor portions is obtained by adding in series the
capacitance in the impurity diffusion layer to the capacitance
in the interlayer insulating film, which is smaller than the
capacitance only in the interlayer insulating film. What
results is a semiconductor device having lower total wiring-
to-substrate capacitance and a higher operating speed.
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TRENCH ISOLATED SEMICONDUCTOR
DEVICE

This is a divisional application of Ser. No. 08/978,137,
Nov. 25, 1997 now U.S. Pat. No. 6,130,139.

The present invention relates to a semiconductor device
having a trench-isolated structure and, more particularly, to
a method of reducing the capacitance between the wiring
and substrate of the semiconductor device.

As higher-density and increasingly miniaturized semi-
conductor devices have been implemented in recent years,
repeated attempts have been made to substitute a trench
isolation technique for a LOCOS technique which is most
prevalently used to form isolation for providing insulation
between individual elements of the semiconductor devices.
In accordance with the trench isolation technique, an insu-
lating material is filled in a trench formed in a semiconductor
substrate to form isolation.

Since planarization of a surface of a semiconductor
substrate including the insulating material filled in the trench
is important to the trench isolation technique, chemical
mechanical polishing (CMP) has been used as a planarizing
technique which achieves excellent in-plane uniformity free
from pattern dependence. In the case where the trench
occupies a large area in a CMP process for planarization, the
provision of dummy island semiconductor portions has been
proposed to avoid trouble resulting from so-called pattern
dependence, which causes polishing properties to vary
depending on the area of a region to be planarized. In other
words, the trench is divided into a plurality of narrow
trenches so that the surface of the semiconductor substrate is
exposed between the individual trenches to form the dummy
semiconductor portions which do not serve as active
regions.

FIG. 19 shows an example of the conventional trench-
isolated semiconductor device having the dummy island
semiconductor portions.

As shown in FIG. 19, an active region 6 of a P-type
silicon substrate 1 is formed with: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5 into which an impurity has been introduced. An
isolation region 7 surrounding the active region 6 is formed
with a plurality of trench portions 8 each filled with a silicon
oxide film. Between the individual trench portions 8, there
are provided semiconductor portions 9 having top surfaces
at the same level as the top surfaces of the trench portions
8. On the trench portions 8 also, there is provided a poly-
silicon wire 10 formed simultaneously with the gate oxide
film 2 and the gate electrode 4 of an element. An interlayer
insulating film 12 is deposited over the entire surface of the
substrate, followed by a metal wire 13 provided thereon.

In this case, if the trench portions have such large widths
as shown in FIG. 21(b), a silicon oxide film filled in each of
the trench portions is polished during the CMP process for
planarizing the whole substrate so that the surface thereof is
depressed due to pattern dependence, which leads to the
trouble of degraded planarity or the like. The isolation
structure as shown in FIG. 19 has been proposed to prevent
such trouble resulting from pattern dependence.

FIGS. 20(a) to 20(g) are cross-sectional views illustrat-
ing a process of manufacturing the conventional trench-
isolated semiconductor device having an NMOS transistor.

In the step shown in FIG. 20(«), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 20(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
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1. However, the trenches 14 include: trenches 14a formed to
surround the active region 6 to be formed with the element;
trenches 145 formed in the isolation region 7 separated from
the active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
regions which do not function as active regions.

In the step shown in FIG. 20(c), a silicon oxide film 23
is deposited over the entire surface of the substrate to fill in
the trenches 14.

In the step shown in FIG. 20(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 8b forming the dummy semiconductor portions 9;
and buried trench portions 8¢ for providing insulation
between the polysilicon wires and the silicon substrate.

In the step shown in FIG. 20(e), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 and the polysilicon
wire 10 are formed simultaneously.

In the step shown in FIG. 20(f), arsenic ions 25 are
implanted into the active region 6 of the NMOSFET region
by using a resist mask Rem covering the PMOSFET region
and the isolation region to form the source/drain regions 5.
The NMOSFET is formed by the foregoing process steps.

In the step shown in FIG. 20(g), the silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by the metal wire 13 formed thereon.

In the foregoing step shown in FIG. 20(f), ions of such an
impurity as phosphorus or arsenic have been implanted into
the gate electrode 4 and source/drain regions 5 of the active
region 6 in the step shown in FIG. 20(f). However, impurity
ions are not implanted in principle in the region other than
the active region 6, though they may be introduced slightly
extensively into the periphery of the isolation region in
considerations of mask displacement. Hence, impurity ions
are not implanted in the dummy semiconductor portions 9
between the individual trench portions 8.

A description will be given to the wiring-to-substrate
capacitance of the trench-isolated semiconductor device
having the small trench portions 8 which are discretely
located and the dummy semiconductor portions 9 as shown
in FIG. 19 and in a semiconductor device having a wide
isolating/insulating film such as a LOCOS film. FIG. 21(a)
is a cross-sectional view for illustrating, by way of example,
the wiring-to-substrate capacitance in the isolation region 7
having the dummy semiconductor portions 9. FIG. 21(b) is
a cross-sectional view for illustrating the wiring-to-substrate
capacitance of the semiconductor device having a LOCOS
isolation film 100 and no dummy semiconductor portion. It
is assumed here that impurity ions have not been implanted
in the isolation region 7 during the implantation of ions into
the source/drain regions and that the area occupied by the
whole isolation region 7 is equal in each of the two semi-
conductor devices.
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In the semiconductor device shown in FIG. 21(a), a total
wiring-to-substrate capacitance Cat corresponds to the sum
of capacitances Cal and Ca2, which is represented by the
following equation (1):

Cat=2Cal+2Ca2 @.
In the case where a member interposed between the wiring
and substrate is composed of a homogeneous material, the
wiring-to-substrate capacitance per unit area is inversely
proportional to the distance between the wiring and
substrate, so that the capacitance is larger as the distance is
shorter. If the total wiring-to-substrate of the semiconductor
device shown in FIG. 21(b) is represented by Cbt when the
dimension Da2 shown in FIG. 21(a) is equal to the dimen-
sion Dbt shown in FIG. 21(b), the following inequality (2)
is satisfied:

Cat>Cbt 2,
which indicates that the wiring-to-substrate capacitance Cat
in the structure shown in FIG. 21(@) is larger than the
wiring-to-substrate capacitance Cbt in the structure shown in
FIG. 21(b).

Although the formation of the island pattern composed of
the dummy semiconductor portions in the isolation region
has the advantage of achieving planarization with excellent
in-plane uniformity, it also has the possibility of increasing
the wiring-to-substrate capacitance and resultantly reducing
the operating speed of the semiconductor device.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention has been
achieved based on the principle that, if each electrode of a
parallel-plate capacitor occupies an equal area, the capaci-
tance of the capacitor is generally smaller as the distance
between the electrodes is larger or on the physical phenom-
enon that, even when the capacitor has equal capacitance,
the amount of charge accumulated therein is smaller as the
voltage between the electrodes is lower.

It is therefore an object of the present invention to
increase the operating speed of a trench-isolated semicon-
ductor device comprising an isolation region consisting of
trench portions and dummy semiconductor portions by
providing therein means for reducing the wiring-to-substrate
capacitance in the isolation region or means for reducing the
amount of charge accumulated in the capacitance present
between the wiring and substrate in the isolation region.

A first semiconductor device according to the present
invention comprises: a semiconductor substrate having an
active region and an isolation region surrounding the active
region; a plurality of trench portions each formed in the
isolation region and filled with an insulating material; semi-
conductor portions interposed between the individual trench
portions in the isolation region; an interlayer insulating film
formed to extend continuously over the active region and the
isolation region; a wire formed on the interlayer insulating
film; and at least one PN junction formed in the semicon-
ductor portions underlying the wire.

In the arrangement, the capacitance component of the
wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isolation region is obtained by
adding in series the capacitance in the upper portion of the
PN junction of each of the semiconductor portions to the
capacitance in the interlayer insulating film, which is smaller
than the capacitance only in the interlayer insulating film.
Accordingly, the wiring-to-substrate capacitance of the
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whole semiconductor device is reduced, resulting in the
semiconductor device operating at a higher speed.

The PN junction may include a plurality of PN junctions
formed in the semiconductor portions.

The arrangement achieves a further reduction in wiring-
to-substrate capacitance, resulting in a higher operating
speed.

The active region may be formed with an impurity
diffusion region and a PN junction may be formed at a
bottom face of the impurity diffusion region, the PN junction
of the isolation region being positioned at a level lower than
the PN junction of the active region.

The arrangement further reduces the wiring-to-substrate
capacitance.

A second semiconductor device according to the present
invention comprises: a semiconductor substrate having an
active region and an isolation region surrounding the active
region; a plurality of trench portions each formed in the
isolation region and filled with an insulating material; semi-
conductor portions interposed between the individual trench
portions in the isolation region; an interlayer insulating film
formed to extend continuously over the active region and the
isolation region; a wire formed on the interlayer insulating
film; and a dielectric film interposed between at least the
semiconductor portions of the isolation region and the
interlayer insulating film.

In the arrangement, the capacitance component of the
wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isolation region is obtained by
adding in series the capacitance in the dielectric film to the
capacitance in the interlayer insulating film, so that the total
wiring-to-substrate capacitance is lowered. Consequently,
the operating speed of the semiconductor device is
increased.

As the dielectric film, an underlying insulating film may
be provided between the interlayer insulating film and the
semiconductor portions and trench portions.

There can be further provided a gate electrode formed on
the semiconductor substrate within the active region and
sidewalls made of an insulating material and formed on both
side faces of the gate electrode such that the underlying
insulating film is formed of the same film as forming the
sidewalls.

The underlying insulating film may be composed of a
multilayer film.

The arrangement enables the underlying insulating film
for reducing the wiring-to-substrate capacitance to be com-
posed by using the sidewalls required to form a MOSFET of
so-called LDD structure. Consequently, the wiring-to-
substrate capacitance can be reduced, while avoiding an
increase in manufacturing cost.

The dielectric film may be formed in an upper portion of
each of the semiconductor portions of the semiconductor
substrate to have a top face at approximately the same level
as a top face of each of the trench portions.

Preferably, the dielectric film is composed of at least one
of a silicon oxide film and a silicon nitride film.

A third semiconductor device according to the present
invention comprises: a semiconductor substrate having an
active region and an isolation region surrounding the active
region; a plurality of trench portions each formed in the
isolation region and filled with an insulating material; semi-
conductor portions interposed between the individual trench
portions in the isolation region; an interlayer insulating film
formed to extend continuously over the active region and the
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isolation region; a wire formed on the interlayer insulating
film; and a buried insulating film formed in an inner portion
of each of the semiconductor portions in the isolation region.

The arrangement allows a reduction in the wiring-to-
substrate capacitance of the entire isolation region, resulting
in a significant reduction in operating speed.

A fourth semiconductor device according to the present
invention comprises: a semiconductor substrate having an
active region and an isolation region surrounding the active
region; a plurality of trench portions each formed in the
isolation region and filled with an insulating material; semi-
conductor portions interposed between the individual trench
portions in the isolation region; an interlayer insulating film
formed to extend continuously over the active region and the
isolation region; a wire formed on the interlayer insulating
film; an a resistor film formed between the interlayer insu-
lating film and at least the semiconductor portions of the
isolation region.

In the arrangement, a voltage drop in the resistor film
reduces the amount of charge accumulated in the wiring-to-
substrate capacitance in the region of the semiconductor
device containing the resistor film, though the wiring-to-
substrate capacitance is not reduced in the region.
Consequently, the time required for charging or discharging
is reduced, resulting in the semiconductor device operating
at a higher speed.

As the resistor film, an underlying resistor film may be
formed to extend continuously over the semiconductor por-
tions and trench portions.

The arrangement allows the wiring-to-substrate capaci-
tance to be reduced by using various films having electric
resistivity which are formed on the semiconductor substrate.

There can further be provided a resistor element formed
on the semiconductor substrate and having a high resistor
film such that the underlying resistor film is formed of the
same film as composing the high resistor film of the resistor
element.

In the arrangement, the underlying resistor film having the
same resistance as the high resistor film used as a resistor
element achieves a remarkable voltage dropping effect.

There can further be provided an element having an
electrode member composed of a conductor film formed on
the semiconductor substrate within the active region such
that the resistor film is composed of the same material as
composing the electrode member.

There can further be provided a FET having a gate
electrode composed of a first conductor film formed on the
semiconductor portion within the active region and a second
conductor film deposited on the first conductor film such that
a top surface of the first conductor film of the gate electrode
is at approximately the same level as a top surface of each
of the trench portions, while a region of the resistor film
overlying each of the semiconductor portions is formed of
the same two films as composing the first and second
conductor films of the gate electrode and a region of the
resistor film overlying each of the trench portions is com-
posed of the same material as composing the first conductor
film of the gate electrode.

Each of the arrangements eliminates the necessity for an
additional step of forming the resistor film, so that the
wiring-to-substrate capacitance is reduced, while an increase
in manufacturing cost is prevented.

The resistor film may be formed in an upper portion of
each of the semiconductor portions of the semiconductor
substrate to have a top face at approximately the same level
as a top surface of each of the trench portions.
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The resistor film may be composed of a silicon film
containing at least one of an oxygen atom and a nitrogen
atom.

The resistor film may be composed of at least one of a
polysilicon film and an amorphous silicon film.

The arrangement allows the formation of the resistor film
by using the polysilicon film or amorphous silicon film to
compose the gate electrode and the resistor element and
thereby prevents an increase in manufacturing cost.

A first method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate
region of a first conductivity type, a first trench for parti-
tioning the substrate region into an active region and an
isolation region and a second trench for partitioning the
isolation region into a plurality of dummy semiconductor
portions; a second step of filling an insulating material in
each of the first and second trenches to form a first buried
trench portion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step
of introducing an impurity containing at least an impurity of
a second conductivity type into the dummy semiconductor
portions of the isolation region to form at least one PN
junction in the dummy semiconductor portions; a fifth step
of forming an interlayer insulating film over an entire
surface of the substrate; and a sixth step of forming a wire
on the interlayer insulating film.

The methods enables the formation of the semiconductor
device including the dummy semiconductor portions each
having the PN junction. The capacitance component of the
wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isolation region is obtained by
adding in series the capacitance in the upper portion of the
PN junction of each of the semiconductor portions to the
capacitance in the interlayer insulating film, which is smaller
than the capacitance only in the interlayer insulating film.
Accordingly, the wiring-to-substrate capacitance of the
whole semiconductor device is reduced, resulting in the
semiconductor device operating at a higher speed.

The third and fourth steps may include forming a gate
electrode of a FET as the element on the active region,
introducing the impurity of the second conductivity type into
the active region and the dummy semiconductor portions,
and thereby forming source/drain regions of the FET, while
forming the at least one PN junction in the dummy semi-
conductor portions.

The method enables the formation of the semiconductor
device operating at a high speed by using a typical manu-
facturing process for forming a FET without an additional
step of forming the PN junction in each of the dummy
semiconductor portions.

The third step may include forming a gate electrode of a
FET as the element on the active region by using a first mask
covering the isolation region and introducing the impurity of
the second conductivity type into the active region to form
source/drain regions of the FET and the fourth step may
include introducing the impurity containing at least the
impurity of the second conductivity type into the dummy
semiconductor portions by using a second mask covering the
active region to form the at least one PN junction in the
dummy semiconductor portions.

The method enables the formation of the semiconductor
device having an arbitrary number of PN junctions without
placing restraints on the depth and impurity concentration of
the PN junction in the active region, resulting in a semicon-
ductor device having minimum wiring-to-substrate capaci-
tance.
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A second method of manufacturing a semiconductor
device according to the present invention comprises: a first
step of forming, in a semiconductor substrate having a
substrate region, a first trench for partitioning the substrate
region into an active region and an isolation region and a
second trench for partitioning the isolation region into a
plurality of dummy semiconductor portions; a second step of
filling an insulating material in each of the first and second
trenches to form a first buried trench portion and a second
buried trench portion; a third step of forming an element on
the active region; a fourth step of forming a resistor film on
each of the dummy semiconductor portions of the isolation
region; a fifth step of forming an interlayer insulating film
over an entire surface of the substrate; and a sixth step of
forming a wire on the interlayer insulating film.

The method enables the formation of the semiconductor
device comprising the resistor film between the interlayer
insulating film and dummy semiconductor portions of the
isolation region. A voltage drop in the resistor film reduces
the amount of charge accumulated in the wiring-to-substrate
capacitance, though the wiring-to-substrate capacitance is
not reduced in the region containing the resistor film of the
semiconductor device. Consequently, the time required for
charging or discharging is reduced, resulting in the semi-
conductor device operating at a higher speed.

The fourth step may include composing the resistor film
of a film containing at least one of polysilicon and amor-
phous silicon.

The fourth step may include composing the resistor film
of a multilayer film constituted by two or more conductor
films with at least an insulating film interposed therebe-
tween.

The fourth step may include introducing an impurity at a
concentration of 1x10?° atoms-cm™ or lower into the resis-
tor film.

A third method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate
region, a first trench for partitioning the substrate region into
an active region and an isolation region and a second trench
for partitioning the isolation region into a plurality of
dummy semiconductor portions; a second step of filling an
insulating material in each of the first and second trenches to
form a first buried trench portion and a second buried trench
portion; a third step of forming an element on the active
region; a fourth step of implanting ions into an upper portion
of each of the dummy semiconductor portions to form a high
resistor portion therein; a fifth step of forming an interlayer
insulating film over an entire surface of the substrate; and a
sixth step of forming a wire on the interlayer insulating film.

The method allows the formation of the semiconductor
device comprising the high resistor portion between the
interlayer insulating film and dummy semiconductor por-
tions of the isolation region. As described above, a voltage
drop in the region containing the high resistor portion of the
semiconductor device reduces the amount of charge accu-
mulated in the wiring-to-substrate capacitance. What results
is the semiconductor device which requires a shorter time
for charging or discharging and therefore operates insulating
film at a higher speed.

The fourth step may include implanting ions containing at
least an atom having an oxidizing function to form the high
resistor portion.

The fourth step may include implanting ions containing at
least an atom having a nitriding function to form the high
resistor portion.
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A fourth method of manufacturing a semiconductor
device according to the present invention comprises: a first
step of forming, in a semiconductor substrate having a
substrate region, a first trench for partitioning the substrate
region into an active region and an isolation region and a
second trench for partitioning the isolation region into a
plurality of dummy semiconductor portions; a second step of
filling an insulating material in each of the first and second
trenches to form a first buried trench portion and a second
buried trench portion; a third step of forming an element on
the active region; a fourth step of forming an underlying
insulating film over the dummy semiconductor portions of
the isolation region; a fifth step of forming an interlayer
insulating film over an entire surface of the substrate; and a
sixth step of forming a wire on the interlayer insulating film.

In accordance with the method, there is formed the
semiconductor device including the underlying insulating
film beneath the interlayer insulating film in the isolation
region thereof. Consequently, the capacitance component of
the wiring-to-substrate capacitance in the region containing
the semiconductor portions of the isolation region is
obtained by adding in series the capacitance in the under-
lying insulating film to the capacitance in the interlayer
insulating film, so that the total wiring-to-substrate capaci-
tance is reduced. What results is the semiconductor device
operating at a high speed.

The third step and the fourth step may include forming a
gate electrode of a FET forming the element on the active
region, depositing a dielectric film on the substrate, per-
forming anisotropic etching with respect to the dielectric
film by using a mask covering the isolation region, and
thereby leaving sidewalls on both side faces of the gate
electrode, while leaving the underlying insulating film over
the dummy semiconductor portions.

The method enables the formation of a semiconductor
device operating at a high speed by using a typical manu-
facturing process for forming a FET without an additional
step of forming the underlying insulating film.

The fourth step may include forming the underlying
insulating film of a dielectric film containing at least silicon
oxide.

The fourth step may include forming the underlying
insulating film of a dielectric film containing at least silicon
nitride.

A fifth method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate
region, a first trench for partitioning the substrate region into
an active region and an isolation region and a second trench
for partitioning the isolation region into a plurality of
dummy semiconductor portions; a second step of filling an
insulating material in each of the first and second trenches to
form a first buried trench portion and a second buried trench
portion; a third step of forming an element on the active
region; a fourth step of forming depressed portions by
etching the dummy semiconductor portions and filling an
insulating material in the depressed portions to form inter-
trench insulating films each having a top face at the same
level as respective top faces of the first and second buried
trench portions; a fifth step of forming an interlayer insu-
lating film over an entire surface of the substrate; and a sixth
step of forming a wire on the interlayer insulating film.

In accordance with the method, there is formed the
semiconductor device comprising the inter-trench insulating
films between the interlayer insulating films and dummy
semiconductor portions of the isolation region thereof.
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Consequently, the capacitance component of the wiring-to-
substrate capacitance in the region containing the semicon-
ductor portions of the isolation region is obtained by adding
in series the capacitance in the inter-trench buried insulating
films to the capacitance in the interlayer insulating film, so
that the total wiring-to-substrate capacitance is reduced.
What results is the semiconductor device operating at a high
speed.

The fourth step may include forming each of the inter-
trench insulating films of a dielectric film containing at least
silicon oxide.

The fourth step may include forming each of the inter-
trench insulating films of a dielectric film containing at least
silicon nitride.

A sixth method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate
region, a first trench for partitioning the substrate region into
an active region and an isolation region and a second trench
for partitioning the isolation region into a plurality of
dummy semiconductor portions; a second step of filling an
insulating material in each of the first and second trenches to
form a first buried trench portion and a second buried trench
portion; a third step of forming an element on the active
region; a fourth step of implanting oxygen ions into each of
the dummy semiconductor portions to form a buried insu-
lating film in an inner portion thereof; a fifth step of forming
an interlayer insulating film over an entire surface of the
substrate; and a sixth step of forming a wire on the interlayer
insulating film.

A seventh method of manufacturing a semiconductor
device according to the present invention comprises: a first
step of forming, in a semiconductor substrate having a
substrate region, a first trench for partitioning the substrate
region into an active region and an isolation region and a
second trench for partitioning the isolation region into a
plurality of dummy semiconductor portions; a second step of
filling an insulating material in each of the first and second
trenches to form a first buried trench portion and a second
buried trench portion; a third step of forming third trenches
by etching the semiconductor portions and filling an insu-
lating material in the third trenches to form buried insulating
films each having a top face at a level lower than respective
top faces of the first and second buried trench portions; a
fourth step of growing semiconductor films on the buried
insulating films, with the active region covered with a mask
member, to form dummy semiconductor portions; a sixth
step of forming an interlayer insulating film over an entire
surface of the substrate; a fifth step of forming an element on
the active region; a seventh step of forming a wire on the
interlayer insulating film.

An eighth method of manufacturing a semiconductor
device according to the present invention comprises: a first
step of forming, in a semiconductor substrate having a
substrate region, a first trench extending over an entire
isolation region of the substrate region, while leaving an
active region of the substrate region; a second step of filling
an insulating material in the first trench to form a buried
insulating film having a top face at the same level as a top
face of the isolation region; a third step of growing a
semiconductor film over the active region and the buried
insulating film; a fourth step of forming, in the semicon-
ductor substrate, a second trench for partitioning the semi-
conductor film and the substrate region into the active region
and the isolation region and a third trench for partitioning the
portion of the semiconductor film overlying the isolation
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region into a plurality of dummy semiconductor portions; a
fifth step of filling an insulating material in each of the
second and third trenches to form a first buried trench
portion and a second buried trench portion; a sixth step of
forming an element on the portion of the semiconductor film
overlying the active region; a seventh step of forming an
interlayer insulating film over an entire surface of the
substrate; and an eighth step of forming a wire on the
interlayer insulating film.

In accordance with the methods, there are obtained semi-
conductor devices each comprising a buried insulating film
at a depth of each of the dummy semiconductor portions of
the isolation region. What results is the semiconductor
device having smaller wiring-to-substrate capacitance and
operating at a higher speed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a cross-sectional view of a semiconductor
device according to a first embodiment, having shallow PN
junctions formed in the semiconductor portions thereof and

FIG. 1(b) is an enlarged cross-sectional view of an
isolation region for illustrating the wiring-to-substrate
capacitance in the semiconductor device;

FIGS. 2(a) to 2(g) are cross-sectional views illustrating a
process of manufacturing the semiconductor device accord-
ing to the first embodiment;

FIG. 3 is a cross-sectional view of a semiconductor device
according to a second embodiment, having shallow PN
junctions formed in the semiconductor portions thereof;

FIG. 4 is a cross-sectional view of a semiconductor device
according to a third embodiment, having two PN junctions
in the semiconductor portions thereof;

FIG. 5 is a cross-sectional view of a semiconductor device
according to a fourth embodiment, having a high resistor
film formed on the semiconductor portions thereof;

FIGS. 6(a) to 6(h) are cross-sectional views illustrating a
process of manufacturing a semiconductor device according
to a fourth embodiment;

FIG. 7 is a cross-sectional view of a semiconductor device
according to a fifth embodiment, having a multilayer gate
provided therein;

FIG. 8 is a cross-sectional view of a semiconductor device
according to an eighth embodiment, having an inter-trench
film formed on each of the semiconductor portions thereof;

FIGS. 9(a) to 9(i) are cross-sectional views illustrating a
process of manufacturing the semiconductor device accord-
ing to the sixth embodiment;

FIG. 10 is a cross-sectional view of a semiconductor
device according to a seventh embodiment, having a high
resistor portion in the upper portion of each of the semicon-
ductor portions;

FIGS. 11(a) to 11(%) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a seventh embodiment;

FIG. 12 is a cross-sectional view of a semiconductor
device according to an eighth embodiment, having an
underlying, having an underlying insulating film formed
beneath an interlayer insulating film;

FIGS. 13(a) to 13(i) are cross-sectional views illustrating
a process of manufacturing the semiconductor device
according to the eighth embodiment;

FIG. 14(a) is a cross-sectional view of a semiconductor
device according to a ninth embodiment, having a buried
insulating film formed over the entire isolation region and
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FIG. 14(b) is an enlarged cross-sectional view of the
isolation region for illustrating the wiring-to-substrate
capacitance in the semiconductor device;

FIGS. 15(a) to 15(%) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to the ninth embodiment;

FIGS. 16(a) to 16(i) are cross-sectional views illustrating
a process of manufacturing a semiconductor device accord-
ing to a tenth embodiment;

FIGS. 17(a) to 17(f) are cross-sectional views illustrating
the first half of a process of manufacturing a semiconductor
device according to an eleventh embodiment;

FIGS. 18(a) to 18(d) are cross-sectional views illustrating
the second half of the process of manufacturing the semi-
conductor device according to the eleventh embodiment;

FIG. 19 is a cross-sectional view of a conventional
semiconductor device;

FIGS. 20(a) to 20(g) are cross-sectional views illustrating
a process of manufacturing the conventional semiconductor
device; and

FIG. 21 is a cross-sectional view for illustrating the
wiring-to-substrate capacitance in each of a conventional
trench-isolated semiconductor device and a conventional
LOCOS-isolated semiconductor device.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings, the embodiments of the
present invention will be described.
(First Embodiment)

FIG. 1(a) is a cross-sectional view of a semiconductor
device having a MOSFET according to a first embodiment.
As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as the MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

Each of the semiconductor portions 9 formed in the
isolation region 7 is provided with an impurity diffusion
layer 21 into which an N-type impurity of the conductivity
type opposite to that of the silicon substrate 1 has been
introduced, so that a PN junction 22 is formed between the
impurity diffusion layer 21 and the silicon substrate 1. The
PN junction 22 is positioned at a level between those of the
top and bottom faces of the trench portions 8.

FIG. 1(b) is a cross-sectional view for illustrating the
wiring-to-substrate capacitance in the isolation region 7 of
the semiconductor device according to the present embodi-
ment. As shown in the drawing, the wiring-to-substrate
capacitance of the semiconductor device according to the
present embodiment includes the components of capaci-
tances Cal and Ca2, similarly to the wiring-to-substrate
capacitance of the conventional semiconductor device
shown in FIG. 21(a). Moreover, since the PN junction 22 is
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formed in each of the semiconductor portions 9, another
capacitance Cjl is added in series to the capacitance Cal.
Hence, the total wiring-to-substrate capacitance Cjt is rep-
resented by the following equation (3):

Cjt=2{(CalxCj1)/(Cal+Cj1)}+=Ca2 (3),
which is smaller than the total capacitance Cat represented
by the equation (1). Accordingly, the following inequality
(4) is satisfied (4):

Cjt<Cat .

Thus, the wiring-to-substrate capacitance can be reduced
in the semiconductor device according to the present
embodiment owing to the PN junction 22 present in each of
the dummy semiconductor portions 9 of the isolation region
7, which increases the operating speed of the semiconductor
device.

A description will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. 2(a) to 2(g) are cross-sectional views
showing the structure of the semiconductor device having
the NMOSFET according to the present embodiment in the
manufacturing process therefor.

In the step shown in FIG. 2(a), the thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 2(b), the plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active 6 region by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 2(c¢), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 2(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 8b forming the dummy semiconductor portions 9;
and buried trench portions 8¢ for providing insulation
between the polysilicon wires and the silicon substrate.

In the step shown in FIG. 2(e), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wires 10 by using a
known technique. The gate electrode 4 and the polysilicon
wires 10 can be formed simultaneously by using a common
mask.

In the step shown in FIG. 2(f), arsenic ions 25 are
implanted not only into the active region 6 but also into the
entire isolation region 7. As a result, the NMOSFET having
the source/drain regions 5 is formed in the active region 6.
On the other hand, an N-type impurity diffusion layer 31 is
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formed in each of the dummy semiconductor portions 6 of
the isolation region 7, resulting in a PN junction 32 formed
between the N-type impurity diffusion layer 31 and the
P-type silicon substrate 1. The present embodiment is char-
acterized in that the PN junction 32 is positioned between
the top and bottom faces of the buried trench portions 8.

In the step shown in FIG. 2(g), the silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by the metal wire 13 formed thereon.

In the case of providing the MOSFET in the active region
as provided in accordance with the manufacturing method of
the present embodiment, the PN junction 22 in each of the
semiconductor portions 9 can be formed easily through the
implantation of ions for forming the source/drain regions 5,
so that manufacturing cost is not increased.

Although the present embodiment has described the case
of using the P-type silicon substrate, it will be appreciated
that the same effects as achieved in the present embodiment
are also achieved in the case of using an N-type silicon
substrate by introducing a P-type impurity into the upper
portions of the semiconductor portions located between the
individual trench portions and thereby forming the PN
junctions between the resulting P-type impurity diffusion
layers and the N-type silicon substrate.

Although the formation of the PN junctions 32 in the
dummy semiconductor portions 9 of the isolation region 7
has been performed simultaneously with the formation of
the source/drain regions § in the manufacturing method of
the present embodiment, the formation of the dummy semi-
conductor portions 9 may be preformed at any stage of the
process of manufacturing the semiconductor device, pro-
vided that the PN junctions can be formed in the dummy
semiconductor portions.

(Second Embodiment)

FIG. 3 is a cross-sectional view of a semiconductor device
according to a second embodiment.

As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET-composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

Each of the semiconductor portions 9 formed in the
isolation region 7 is provided with an impurity diffusion
layer 31 in to which an N-type impurity of the conductivity
type opposite to that of the impurity introduced into the
silicon substrate 1 has been introduced, so that a PN junction
32 is formed between the impurity diffusion layer 31 and the
silicon substrate 1. The PN junction 32 is positioned at a
level lower than the bottom faces of the trench portions 8.

The wiring-to-substrate capacitance in the isolation
region 7 of the present embodiment is represented by the
following equation (5):

Cjt=2{(CalxCi1)[(Cal+Cj1)}+Z{(Ca2xCkL)/(Ca2+Ck1)} (5,
which is smaller than the total capacitance Cat represented
by the equation (1). In the foregoing equation (5), Ckl
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represents the capacitance between the bottom face of the
trench portion 8 and the PN junction 32. Hence, the follow-
ing inequality (6) is satisfied, similarly to the first embodi-
ment:

Cjt<Cat ©).

Thus, the wiring-to-substrate capacitance can also be
reduced in the semiconductor device according to the
present embodiment since the PN junction 32 is present in
each of the dummy semiconductor portions 9 of the isolation
region 7, similarly to the first embodiment, so that the
operating speed of the semiconductor device is increased. In
particular, the present embodiment can reduce the wiring-
to-substrate capacitance in the entire isolation region con-
taining not only the semiconductor portions 9 but also the
trench portions, so that the effect of increasing the operating
speed is remarkable.

Although it is difficult to form the PN junction 32 as
formed in the present embodiment through the implantation
of impurity ions for forming the source/drain regions of the
MOSFET, the impurity concentration and the depth of ionic
penetration into the substrate can be controlled arbitrarily, so
that a higher effect of reducing the capacitance is achieved.
In particular, since the PN junction 32 is positioned at a level
lower than the bottom faces of the trench portions 8, a higher
effect of reducing the capacitance is achieved.

Although the present embodiment has described the case
of using the P-type silicon substrate, an N-type silicon
substrate may also be used instead. In this case, a PN
junction can be formed by introducing a P-type impurity into
the semiconductor portions and thereby forming an impurity
diffusion layer, so that the same effects as achieved in the
present embodiment are achieved.

(Third Embodiment)

FIG. 4 is a cross-sectional view of a semiconductor device
according to a third embodiment.

As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 filled with a silicon oxide film as an insulating
material and with dummy semiconductor portions 9 pro-
vided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

Each of the dummy semiconductor portions 9 formed in
the isolation region 7 is provided with a P-type impurity
diffusion layer 41 and an N-type impurity diffusion layer 42,
which are arranged in this order from the surface of the
silicon substrate. As a result, a first PN junction 43 is formed
between the P-type impurity diffusion layer 41 and the
N-type impurity diffusion layer 42, while a second PN
junction 44 is formed between the N-type impurity diffusion
layer 42 and the P-type silicon substrate 1. The first and
second PN junctions 43 and 44 are positioned at levels
between the top and bottom faces of the trench portions 8.

If respective junction capacitances in the P-type and
N-type impurity diffusion layers 41 and 42 are designated at
Cjl and Cj2, a total wiring-to-substrate capacitance Cjt in

INTEL - 1104
Page 32 of 231



US 6,346,736 B1

15

the semiconductor device according to the present embodi-
ment is represented by the following equation (7):

Cit=2{1[(1/Cal)+(1/C1)+(1/Ci2)[}+=Ca2 Q)
which is smaller than the total capacitance Cat of the
semiconductor device according to the first embodiment
represented by the equation (1). Hence, the following equa-
tion (8) is satisfied:

Cjt<Cat (8).

Since the present embodiment has provided the plurality
of PN junctions 43 and 44 in the respective dummy semi-
conductor portions of the isolation region 7, the capacitance
component of the wiring-to-substrate capacitance in the
region containing the semiconductor portions 9 of the semi-
conductor device can be represented by the capacitance
obtained by connecting in series the respective capacitances
in the P-type and N-type impurity diffusion layers 41 and 42
to the capacitance in the interlayer insulating film.
Consequently, the wiring-to-substrate capacitance of the
semiconductor device can further be reduced than in the first
embodiment, resulting in the semiconductor device operat-
ing at a higher speed.

Although the present embodiment has described the case
where the two PN junctions 43 and 44 are formed of the two
impurity diffusion layers, if three or more PN junctions are
formed of three or more impurity diffusion layers, the total
wiring-to-substrate capacitance can be represented in the
same fashion as represented by the equation (7). For
example, if m PN junctions (m is an integer equal to or more
than 3) are formed in each of the dummy active regions 9
and n PN junctions (n is an integer equal to or more than 3)
are formed immediately under the trench portion 8, the total
wiring-to-substrate capacitance Cjt is represented by the
following equation (9):

Cit=2{1[(1/Cal)+=/Cim)[}+Z{1/[(1/Ca2)+Z(1/Cin)]} ©),
which is smaller than the total capacitance Cat represented
by the equation (1). Hence, the following inequality (10) is
satisfied:

Cjt<Cat (10).
In the case of using the structure, the wiring-to-substrate
capacitance can be reduced significantly since not only the
capacitance component in the region containing the semi-
conductor portions of the isolation region 7 but also the
capacitance component in the region containing the trench
portions thereof is also reduced.
(Fourth Embodiment)

FIG. 5 is a cross-sectional view of a semiconductor device
according to a fourth embodiment.

As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. In addition, a dummy
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gate 51 composed of a polysilicon film formed simulta-
neously with the gate electrode 4 extends continuously over
the semiconductor portions 9 and trench portions 8. Over the
dummy gate 51, the polysilicon wire 10, and a surface of the
silicon substrate (except for the active region), a silicon
oxide film 52 and a high resistor film 53 composed of a
polysilicon film are further formed in layers. The dummy
gate 51 has been formed by patterning a first-layer polysili-
con film used commonly to form the gate electrode 4 and the
polysilicon wire 10 so that it is at a given distance from each
of the gate electrode 4 and the polysilicon wire 10. The
polysilicon film composing the high resistor film 53 has a
sheet resistance film higher than that of the first-layer
polysilicon film composing the gate electrode 4 and the like
and an impurity concentration of 1x10°° cm™ or less. The
sheet resistance of the dummy gate 51 can also be held high
by covering the isolation region with a resist film or the like
during the implantation of an impurity into the active region.

In the semiconductor device according to the present
embodiment, it is sufficient to consider the capacitance
between the wiring and high resistor film instead of the
capacitance between the wiring and substrate. In this case,
since the resistance of the polysilicon film composing the
high resistor film 53 is high, a voltage drop occurs between
the top face of the high resistor film 53 and the surface of the
semiconductor substrate 1. Accordingly, the voltage applied
to the top and bottom faces of the interlayer insulating film
is reduced, though the capacitance of the interlayer insulat-
ing film 12 remains unchanged. Since the amount of charge
accumulated in the top and bottom faces of the interlayer
insulating film 12 decreases in direct proportion to the
voltage applied thereto, the time required for charging or
discharging between the wiring and high resistor is reduced,
resulting in the semiconductor device operating at a higher
speed.

A description will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. 6(a) to 6(%) are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the
manufacturing process therefor.

In the step shown in FIG. 6(«), a thin silicon oxide film 21
having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 6(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 6(c¢), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 6(d), the silicon oxide film 23
is polished by a CMP process. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form a plurality of buried trench portions 8
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each filled with a silicon oxide film and having a planarized
surface. The buried trench portions 8 include: buried trench
portions 8a functioning as isolation; buried trench portions
8b forming the dummy semiconductor portions 9; and
buried trench portions 8¢ for providing insulation between
the polysilicon wires and the silicon substrate.

In the step shown in FIG. 6(e), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wires 10 by using a
known technique. During the process, the dummy gate 51 is
formed simultaneously with the gate electrode 4 and the
polysilicon wire 10 and at a given distance from each of the
gate electrode 4 and the polysilicon wire 10, so that the
dummy gate 51 neither cross nor contact the gate electrode
4 and the polysilicon wire 10. The gate electrode 4, the
polysilicon wire 10, and the dummy gate 51 can be formed
simultaneously by using a common semiconductor mask.
The dummy gate 51 has a sheet resistance higher than those
of the gate electrode 4 and polysilicon wire 10, which are
used as interconnections, and has an impurity concentration
adjusted to be 1x10*° atoms-cm™ or lower by ion implan-
tation or the like.

In the step shown in FIG. 6(f), the silicon oxide film 52
and the high resistor film 53 made of polysilicon are formed
over the isolation region 7. The high resistor film 53 has a
sheet resistance higher than those of the gate electrode 4 and
polysilicon wires 10 and has an impurity concentration
adjusted to be 1x10?° atoms-cm™ or lower by ion implan-
tation or the like. The silicon oxide film 52 and the high
resistor film 53 are formed to provide a MIM capacitor and
a resistor.

In the step shown in FIG. 6(g), a resist mask 55 covering
at least the isolation region 7 is formed and arsenic ions 25
are implanted into the active region 6 to form the NMOS
having the source/drain regions 5. During the process,
arsenic ions are not implanted in the isolation region 7.

In the step shown in FIG. 6(%), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by a metal wire 13 formed thereon.

In the semiconductor device according to the present
embodiment, it is sufficient to consider the capacitance
between the wiring and high resistor film instead of the
capacitance between the wiring and substrate. In this case,
since the resistance of the polysilicon film composing the
high resistor film 53 is high, a voltage drop occurs between
the top face of the high resistor film 53 and the surface of the
semiconductor substrate 1. Accordingly, the voltage applied
to the top and bottom faces of the interlayer insulating film
is reduced, though the capacitance of the interlayer insulat-
ing film 12 remains unchanged. Since the amount of charge
accumulated in the top and bottom faces of the interlayer
insulating film 12 decreases in direct proportion to the
voltage applied thereto, the time required for charging or
discharging between the wiring and high resistor is reduced,
resulting in the semiconductor device operating at a higher
speed.

The high-resistance film 53 according to the present
embodiment can be formed easily at low cost by patterning
the same film as composing, e.g., the high resistor film of the
resistor element and local wiring. Instead of forming the
dummy gate 51, it is possible to form films corresponding to
the high resistor film 53, the silicon oxide film 52, and the
dummy gate 51 from three films composing the upper-layer
film, capacitor insulating film, and lower-layer film com-
posing the MIM capacitor formed anywhere on the semi-
conductor substrate.

It is also possible to increase the operating speed of the
semiconductor device by reducing the time required for
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charging or discharging without forming either of the
dummy gate 51 and the high resistor film 53 as well as the
silicon oxide film 52.

Although the description has been given to the case where
the high resistor film 53 composed of the polysilicon film
and the silicon oxide film 52 are stacked in layers on the
isolation region 7, similar effects can also be achieved in the
case of using an amorphous silicon film or a silicon nitride
film instead of the polysilicon film. In particular, the use of
an insulating film composed of a silicon oxide film allows a
reduction in total capacitance and a further increase in the
operating speed of the semiconductor device.

(Fifth Embodiment)

FIG. 7 is a cross-sectional view of a semiconductor device
according to a fifth embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4; and source/drain regions 5. An isolation region
7 for electrically isolating the individual elements is formed
with a plurality of trench portions 8 each filled with a silicon
oxide film as an insulating material and with dummy semi-
conductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the
trench portions 8 formed in the isolation region 7, there is
provided a polysilicon wire 10 formed simultaneously with
the gate electrode 4.

In the present embodiment, the gate electrode 4 consists
of a lower-layer portion 4a made of a first conductor film
composed of a polysilicon film or the like and an upper-layer
portion 4b made of a second conductor film composed of a
tungsten film or the like. In the isolation region 7, there is
provided a dummy gate 51 consisting of a lower-layer
portion 51a composed of the same first conductor film as
composing the lower-layer portion 4a of the gate electrode
4 and an upper-layer portion 51b composed of the same
second conductor film composing the upper-layer portion 4b
of the gate electrode 4. The lower-layer portion 51a of the
dummy gate 51 has a top surface at the same level as the top
face of each of the trench portions 8, so that planarization is
achieved between the lower-layer portion 51a and the trench
portions 8. The polysilicon wire 10 is composed only of the
second conductor film composing the upper-layer portion 4b
of the gate electrode 4. The dummy gate 51 has been formed
at a given distance from each of the gate electrode 4 and
polysilicon wire 10 so as to improve pattern accuracy in a
photolithographic process in accordance with a line-and-
space relationship. There are also provided an interlayer
insulating film 12 composed of a silicon oxide film depos-
ited over the entire surface of the substrate and a metal wire
13 formed on the interlayer insulating film 12.

In accordance with a process of manufacturing the semi-
conductor device according to the present embodiment, the
structure of the semiconductor device as shown in FIG. 7
can be implemented by the following procedure, though the
drawing thereof is omitted here.

First, the gate insulating film and the first conductor film
composed of a polysilicon film or the like are deposited on
the semiconductor substrate, which are partially opened to
form trenches. Thereafter, an insulating film is deposited on
the substrate to fill in the trenches for planarization, thereby
forming trench portions. Subsequently, the second conduc-
tor film of tungsten or the like is deposited on the planarized
substrate and patterned to form the gate electrode 4, the
dummy gate 51, and the polysilicon wires 10. After that, the
interlayer insulating film 12 and the metal wire 13 can be
formed by a well-known method.
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In the present embodiment also, the operating speed can
be increased by reducing the amount of charge accumulated
in the top and bottom faces of the interlayer insulating film,
similarly to the fourth embodiment. In the semiconductor
device having such a structure as used in the present
embodiment, the upper-layer portion 4b of the gate electrode
4 is typically composed of a low resistor film composed of
silicide or the like. However, since the wiring-to-substrate
voltage is also applied in series to the upper-layer and
lower-layer portions 4b and 4a, the amount of charge is
effectively reduced by a voltage drop and the operating
speed of the semiconductor device is increased remarkably.

Although the present embodiment has not used such a
high resistor film as used in the fourth embodiment, it will
be appreciated that a high resistor film may be provided over
the dummy gate with an insulating film interposed therebe-
tween.

(Sixth Embodiment)

FIG. 8 is a cross-sectional view of a semiconductor device
according to a sixth embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

In the isolation region 7, inter-trench insulating films 61
each composed of a silicon oxide film and surrounded by the
trench portions 8 are formed to overlie the dummy semi-
conductor portions 9 and underlie the interlayer insulating
film 12. The top faces of the inter-trench insulating films 61
are at the same level as the top faces of the buried trench
portions 8, while the bottom faces thereof are at a level
between the top and bottom faces of the buried trench
portions 8.

A description will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. 9(a) to 9()) are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the
manufacturing process therefor.

In the step shown in FIG. 9(a), a thin silicon oxide film 21
having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 9()), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
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regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 9(c¢), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 9(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 8b forming the dummy semiconductor portions 9;
and buried trench portions 8¢ for providing insulation
between the polysilicon wires and the silicon substrate.

In the step shown in FIG. 9(e), the semiconductor portions
of the isolation region 7 are subjected to dry etching for
forming trenches 62.

In the step shown in FIG. 9(}), a silicon oxide film is filled
in each of the trenches 62 to form the inter-trench insulating
film 61.

In the step shown in FIG. 9(g), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 and the polysilicon
wire 10 can be formed simultaneously by using a common
semiconductor mask.

In the step shown in FIG. 9(%), arsenic ions 25 are
implanted from above to form the NMOSFET having the
source/drain regions 5 in the active region 6. Although the
arsenic ions 25 are also implanted into the isolation region
25 during the process, no trouble occurs. In the case of using
a resist mask covering a region to be formed with a
PMOSFET, however, the isolation region 7 may be covered
with the resist mask.

In the step shown in FIG. 9(i), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by the metal wire 13 formed thereon.

In the semiconductor device according to the present
embodiment, the inter-trench insulating films 61 each com-
posed of the silicon oxide film are formed over the dummy
semiconductor portions 9 of the isolation region 7 and under
the interlayer insulating film 12 to be surrounded by the
buried trench portions 8. The top faces of the inter-trench
insulating films 61 are at the same level as the top faces of
the buried trench portions 8, while the bottom faces thereof
are at a level between the top and bottom faces of the buried
trench portions 8.

Thus, in the semiconductor device according to the
present embodiment, the inter-trench insulating films 61 are
formed by filling the silicon oxide films in the respective
dummy semiconductor portions 9 that have been lowered in
level, so that the distance between the wiring and the
substrate is longer than in the conventional semiconductor
device shown in FIG. 19. Since the wiring-to-substrate
capacitance decreases in inverse proportion to the distance,
the wiring-to-substrate capacitance is smaller in the semi-
conductor device according to the present embodiment than
in the conventional semiconductor device, resulting in a
higher operating speed.

Although the present embodiment has described the case
where the silicon oxide film is buried in each of the
semiconductor portions, similar effects can also be achieved
if an insulating film composed of a silicon nitride film is
used.
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Although the semiconductor portions 9 have been low-
ered in level and filled with the silicon oxide films prior to
the formation of the gate electrode, the method of manu-
facturing a semiconductor device according to the present
invention is not limited to such an embodiment. The same
effects as achieved in the present embodiment can also be
achieved if the steps of lowering the semiconductor portions
9 in level and filling the silicon oxide films therein are
performed after the formation of the gate electrode or prior
to the formation of trench isolation.

(Seventh Embodiment)

FIG. 10 is a cross-sectional view of a semiconductor
device according to a seventh embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

In upper portions of the dummy semiconductor portions 9
of the isolation region 7, oxygen atoms have been introduced
by ion implantation or the like to form high resistor portions
71 each composed of a high-resistance silicon layer.
Although the bottom faces of the high resistor portions 71
are at a level between the top and bottom faces of the trench
portions 8, they may be positioned at a level lower than the
bottom faces of the trench portions 8.

A description will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. 11(a) to 11(%) are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the
manufacturing process therefor.

In the step shown in FIG. 11(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 11(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 11(c¢), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 11(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
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nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 8b forming the dummy semiconductor portions 9;
and buried trench portions 8¢ for providing insulation
between the polysilicon wire and the silicon substrate.

In the step shown in FIG. 11(e), a resist mask 73 covering
the active region 6 is formed and oxygen ions 72 are
implanted only into the isolation region 7 to form the high
resistor portions 71 in the outermost surface of the silicon
substrate, in which the oxygen ions have been introduced as
an impurity in the semiconductor portions 9 of the isolation
region 7.

In the step shown in FIG. 11(f), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 and the polysilicon
wire 10 can be formed simultaneously by using a common
semiconductor mask.

In the step shown in FIG. 11(g), arsenic ions are implanted
from above the substrate to form the NMOSFET having the
source/drain regions 5 in the active region 6. Although the
arsenic ions 25 are also implanted into the isolation region
7 during the process, no trouble occurs. In the case of using
a resist mask covering a region to be formed with a
PMOSFET, however, the isolation region 7 may be covered
with the resist mask.

In the step shown in FIG. 11(%), a silicon oxide film is
formed as the interlayer insulating film 12, followed by the
metal wire 13 formed thereon.

The semiconductor device according to the present
embodiment is characterized in that the oxygen atoms have
been introduced into the upper portions of the semiconduc-
tor portions 9 of the isolation region 7 by ion implantation
or the like to form the high resistor portions 71 each
composed of a high-resistance silicon layer. Although the
bottom faces of the high resistor portions 71 are at a level
between the top and bottom faces of the buried trench
portions 8, they may be positioned at a level lower than the
bottom faces of the buried trench portions 8.

Since the high resistor portions 71 each composed of a
high-resistance silicon layer have been formed in the
dummy semiconductor portions 9 of the silicon substrate, a
voltage drop occurs in the high resistor portions 71 of the
silicon substrate when a voltage is placed between the
wiring and the substrate. Consequently, a potential differ-
ence between the wiring and semiconductor portions 9 is
reduced so that the amount of charge is reduced in direct
proportion to the placed voltage, though the capacitance of
the interlayer insulating film 12 between the wiring and the
semiconductor portions 9 is equal to that of the interlayer
insulating film 12 in the conventional semiconductor device
shown in FIG. 19. Accordingly, the time required for charg-
ing or discharging is reduced and the operating speed of the
semiconductor device is increased.

Although the present embodiment has described the case
where oxygen atoms are introduced as an impurity into the
dummy semiconductor portions 9, similar effects can be
achieved if nitrogen atoms are introduced.

Although the high resistor portions are formed prior to the
formation of the gate electrode in the present embodiment,
they may be formed at any stage of the process of manu-
facturing the semiconductor device provided that oxygen
atoms can be introduced into the semiconductor portions.
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(Eighth Embodiment)

FIG. 12 is a cross-sectional view of a semiconductor
device according to an eighth embodiment.

As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; sidewalls 3 formed
on the side faces of the gate electrode 4 and composed of
silicon oxide films; and source/drain regions 5. An isolation
region 7 for electrically isolating the individual elements is
formed with a plurality of trench portions 8 each filled with
a silicon oxide film as an insulating material and with
dummy semiconductor portions 9 provided between the
individual trench portions 8 and not serving as active
regions. On one of the trench portions 8 formed in the
isolation region 7, there is provided a polysilicon wire 10
formed simultaneously with the gate insulating film 2 and
the gate electrode 4. There are further provided an interlayer
insulating film 12 made of a silicon oxide film deposited
over the entire surface of the substrate and a metal wire 13
formed on the interlayer insulating film 12.

Over the dummy semiconductor portions 9 and trench
portions 8 of the isolation region 7, an underlying insulating
film 81 made of a silicon oxide film has been formed
simultaneously with the sidewalls on the side faces of the
gate electrode 4. The underlying insulating film 81 has been
formed to cover the entire polysilicon wire 10.

A description will be given next to a method of manu-
facturing a semiconductor device according to the present
embodiment. FIGS. 13(a) to 13(i) are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the
manufacturing process therefor.

In the step shown in FIG. 13(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 13(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
conductor portions 9 may be considered as dummy active
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 13(c), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 13(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 86 forming dummy semiconductor portions 9; and
buried trench portions 8¢ for providing insulation between
the polysilicon wire and the silicon substrate.

In the step shown in FIG. 13(e), there are formed the gate
oxide film 2, the gate electrode 4 made of polysilicon, and
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the polysilicon wire 10 by using a known technique. The
gate electrode 4 can be formed simultaneously with the
polysilicon wire 10 by using a common semiconductor
mask.

In the step shown in FIG. 13(f), a silicon oxide film 82 is
deposited over the entire surface of the substrate, followed
by a resist mask 84 formed thereon to cover the isolation
region 7.

In the step shown in FIG. 13(g), a silicon oxide film 82 is
removed selectively by anisotropic dry etching using the
resist mask 84 to form an underlying insulating film 81 over
the isolation region 7, while the sidewalls are formed on the
side faces of the gate electrode 4. The polysilicon wire 10 is
completely covered with the underlying insulating film 81.

In the step shown in FIG. 13(%), arsenic ions 25 are
implanted from above to form the NMOSFET having the
source/drain regions 5 in the active region 6. Although the
arsenic ions are also implanted into the isolation region 7
during the process, no trouble occurs. However, in the case
of using a resist mask covering a region to be formed with
a PMOSFET, the isolation region 7 may be covered with the
resist mask.

In the step shown in FIG. 13(i), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by a metal wire 13 formed thereon.

The semiconductor device according to the present
embodiment is characterized in that the underlying insulat-
ing film 81 composed of the silicon oxide film is formed
simultaneously with the sidewalls on the side faces of the
gate electrode 4 to extend over the dummy semiconductor
portions 9 and buried trench portions 8 of the isolation
region 7. The resulting underlying insulating film 81 covers
the entire polysilicon wire 10.

Thus, in the semiconductor device according to the
present embodiment, the underlying insulating film 81 com-
posed of the silicon oxide film is present over the isolation
region 7, so that the distance between the wiring and the
substrate is longer than in the conventional semiconductor
device shown in FIG. 19. Since the wiring-to-substrate
capacitance decreases in inverse proportion to the distance,
the wiring-to-substrate capacitance is reduced in the semi-
conductor device according to the present embodiment,
resulting in a higher operating speed.

Although the present embodiment has described the case
where the underlying insulating film 81 is composed of the
silicon oxide film, similar effects can also be achieved if an
insulating film composed of a silicon nitride film is used.

Although the present embodiment has described the case
where the underlying insulating film is composed of a
single-layer film, the underlying insulating film may be
composed of a multi-layer film. For example, in the case
where the sidewalls consist of L-shaped portions extending
over the side faces of the gate electrode and the substrate and
of upper wedge-shaped portions or, alternatively, the side-
walls are provided along with an on-gate protective film, the
underlying insulating film should be composed of a multi-
layer film. It will be appreciated that, in that case also, the
same effects as achieved in the present embodiment are
achieved.

(Ninth Embodiment)

FIG. 14(a) is a cross-sectional view of a semiconductor
device according to a ninth embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning
as a MOSFET composed of: a gate oxide film 2; a gate
electrode 4 made of a polysilicon film; and source/drain
regions 5. An isolation region 7 for electrically isolating the
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individual elements is formed with a plurality of trench
portions 8 each filled with a silicon oxide film as an
insulating material and with dummy semiconductor portions
9 provided between the individual trench portions 8 and not
serving as active regions. On one of the trench portions 8
formed in the isolation region 7, there is provided a poly-
silicon wire 10 formed simultaneously with the gate insu-
lating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon
oxide film deposited over the entire surface of the substrate
and a metal wire 13 formed on the interlayer insulating film
12.

Under the dummy semiconductor portions 9 and the
trench portions 8, a buried insulating film 91 composed of a
silicon oxide film is formed in contact with the bottom faces
of the trench portions 8. As a result, the side faces of the
semiconductor portions 9 are in contact with the trench
portions 8, while the bottom faces thereof are in contact with
the buried insulating film 91.

FIG. 14(b) is a cross-sectional view for illustrating the
wiring-to-substrate capacitance of the semiconductor device
according to the present embodiment. In the semiconductor
device according to the present embodiment, since the
buried insulating film 91 composed of the silicon oxide film
is formed in the silicon substrate, the capacitance Cij
becomes a half of the capacitance Cj1 shown in FIG. 1(b) or
less (T. Nishimura and Y. Inoue: Proceedings of VLSI
TECHNOLOGY WORKSHOP ON “WHAT IS THE
FUTURE OF SOI?” (1995) p.123).

Therefore, the total wiring-to-substrate capacitance Cijt of
the semiconductor device is represented by the following
equation (11):

Cijt={(CalxCi)/(Cal+Cij) }+=Ca2 (11),

which is smaller than the total capacitance Cjt represented
by the equation (3). Accordingly, the following inequality
(12) is satisfied:

Cije<Cit (12).

Hence,

Cijt<Cat

is derived from the relationship represented by the equation
(4), so that the wiring-to-substrate capacitance of the semi-
conductor device according to the present embodiment is
reduced, resulting in the semiconductor device operating at
a higher speed.

FIGS. 15(a) to 15(h) are cross-sectional views of the
structure of the semiconductor device having the NMOS-
FET according to the present embodiment in the manufac-
turing process therefor.

In the step shown in FIG. 15(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 15(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
the active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, the semi-
conductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The semi-
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conductor portions 9 may be considered as dummy active
regions which do not function as active regions. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step.

In the step shown in FIG. 15(c), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 15(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form the plurality of buried trench portions 8
each filled with the silicon oxide film and having a pla-
narized surface. The buried trench portions 8 include: buried
trench portions 8a functioning as isolation; buried trench
portions 86 forming dummy semiconductor portions 9; and
buried trench portions 8¢ for providing insulation between
the polysilicon wire and the silicon substrate.

In the step shown in FIG. 15(e), a resist mask 92 covering
the active region 6 is formed and oxygen ions 93 are
implanted only into the isolation region 7 so that the buried
insulating film 91 into which the oxygen atoms have been
introduced as an impurity is formed. The buried insulating
film 91 provides insulation between the silicon substrate 1
and the semiconductor portions 9 in the isolation region 7.
In this case, the buried insulating film 91 is connected to the
respective side faces of each of the individual trench por-
tions 8a to 8c and energy for implanting the oxygen ions is
set such that the semiconductor portions 9 are in the floating
state.

In the step shown in FIG. 15(f), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 may be formed
simultaneously with the polysilicon wire 10 by using a
common semiconductor mask.

In the step shown in FIG. 15(g), a resist mask 95 is formed
to cover the isolation region 7 and arsenic ions 25 are
implanted into the active region 6 to form the NMOSFET
having the source/drain regions 5. In this case, no implan-
tation is performed with respect to the isolation region 7.

In the step shown in FIG. 15(%), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by a metal wire 13 formed thereon.

In the semiconductor device formed by the manufacturing
method according to the present embodiment, the buried
insulating film 91 composed of the silicon oxide film is
formed under the dummy semiconductor portions 9 and the
buried trench portions 8 to be in contact with the bottom
faces of the buried trench portions 8. As a result, the side
faces of the semiconductor portions 9 are in contact with the
buried trench portions 8, while the bottom faces thereof are
in contact with the insulating film 91. Although the present
embodiment has formed the buried insulating film by
implanting oxygen ions prior to the formation of the gate
electrode, the buried insulating film may be formed at any
stage of the method of manufacturing the semiconductor
device provided that oxygen atoms can be introduced into
the semiconductor portions.

(Tenth Embodiment)

The present embodiment will basically describe another
example of the manufacturing process shown in FIG. 14(b),
which is for achieving the effect of capacitance reduction.

FIGS. 16(a) to 16(i) are cross-sectional views of the
structure of a semiconductor device having an NMOSFET
according to a tenth embodiment in the manufacturing
process therefor.
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In the step shown in FIG. 16(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on a P-type silicon substrate 1.

In the step shown in FIG. 16(b), a plurality of trenches 14
each having a given width are formed in the silicon substrate
1. The trenches 14 include: trenches 14a formed to surround
an active region 6 to be formed with the element; trenches
14b formed in the isolation region 7 separated from the
active region 6 by the trenches 14a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 14¢ for forming the
polysilicon wires. In the isolation region 7 also, semicon-
ductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The
trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the
subsequent step. In the step shown in FIG. 15(c¢), a silicon
oxide film 23 is deposited over the entire surface of the
substrate to fill in the trenches 14.

In the step shown in FIG. 16(c), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 16(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively except for the portions overlying the active
region 6 to form a plurality of buried trench portions 8 each
filled with a silicon oxide film and having a planarized
surface. The buried trench portions 8 include: buried trench
portions 8a functioning as isolation; buried trench portions
8b forming dummy semiconductor portions 9; and buried
trench portions 8¢ for providing insulation between the
polysilicon wire and the silicon substrate.

In the step shown in FIG. 16(e), the semiconductor
portions 9 of the isolation region 7 are subjected to dry
etching for forming trenches 96.

In the step shown in FIG. 16(f), a silicon oxide film is
deposited in each of the trenches 96 to form a buried
insulating film 91, followed by a silicon film deposited
thereon to form semiconductor portions 97 serving as
dummy active regions. The buried insulating films 91 are in
contact with the buried trench portions 8a to 8c.

In the step shown in FIG. 16(g), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 may be formed
simultaneously with the polysilicon wire 10 by using a
common semiconductor mask.

In the step shown in FIG. 16(%), a resist mask 98 is formed
to cover the isolation region 7 and arsenic ions 25 are
implanted into the active region 6 to form the NMOSFET
having source/drain regions 5. In this case, implantation may
be performed with respect to the isolation region 7, though
it is not performed in the example.

In the step shown in FIG. 16(7), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed
by a metal wire 13 formed thereon.

The manufacturing method according to the present
embodiment also enables the formation of a semiconductor
device having the same structure as the semiconductor
device according to the ninth embodiment, resulting in
smaller wiring-to-substrate capacitance and a higher oper-
ating speed.

Although the present embodiment has grown the silicon
oxide films and the silicon films in the trenches 96 prior to
forming the gate electrode, the silicon oxide films and the
silicon films may be grown at any stage of the process of
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manufacturing the semiconductor device provided that they
can be grown and buried in the trenches 96.
(Eleventh Embodiment)

The present embodiment will also basically describe still
another example of the manufacturing process shown in
FIG. 14(b), which is for achieving the effect of capacitance
reduction.

FIGS. 17(a) to 17(f) and FIGS. 18(a) to 18(d) are cross-
sectional views showing the structure of a semiconductor
device having an NMOSFET according to an eleventh
embodiment in the manufacturing process therefor.

In the step shown in FIG. 17(a), a trench 102 is formed in
a region of a P-type silicon substrate 1 in which an isolation
region is to be formed.

In the step shown in FIG. 17(b), a silicon oxide film is
filled in the trench 102 to form an insulating film 101 so that
the entire surface of the substrate is planarized.

In the step shown in FIG. 17(c), a silicon film 103 is
epitaxially grown over the entire surface of the substrate.
During the step, since single-crystal silicon is grown on
single-crystal silicon in an active region 6, a semiconductor
region having an excellent crystallographic property is
formed therein, while a silicon film having an inferior
crystallographic property is formed on the silicon oxide film
in the isolation region 7. However, since the silicon film in
the isolation region 7 does not function as an active region,
the inferior crystallographic property thereof will not
adversely affect the properties of the semiconductor device.

In the step shown in FIG. 17(d), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22
are formed sequentially on the silicon film 103.

In the step shown in FIG. 17(e), a plurality of trenches 14
each having a given width are formed in the substrate. The
trenches 14 include: trenches 14a formed to surround the
active region 6 to be formed with the element; trenches 14b
formed in the isolation region 7 separated from the active
region by the trenches 144 to eliminate pattern dependence
from planarity obtained at the completion of the manufac-
turing process; and trenches 14¢ for forming the polysilicon
wires. In the isolation region 7 also, semiconductor portions
9 have been provided to form at least one projecting portion
surrounded by the trenches 14. The semiconductor portions
9 may be considered as dummy active regions which do not
function as active regions. The trenches include one formed
in a position immediately under the polysilicon wire 10,
which is to be formed in the subsequent step. In forming the
trenches 14, etching is performed till the surface of the
buried insulating film 101 is exposed in the trenches 14.

In the step shown in FIG. 17(f), a silicon oxide film 23 is
deposited over the entire surface of the substrate to fill in the
trenches 14.

In the step shown in FIG. 18(a), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon
nitride film 22 and the silicon oxide film 21 are removed
selectively to form a plurality of buried trench portions 8
each filled with a silicon oxide film and having a planarized
surface. The buried trench portions 8 include: buried trench
portions 8a functioning as isolation; buried trench portions
8b forming dummy semiconductor portions 9; and buried
trench portions 8¢ for providing insulation between the
polysilicon wire and the silicon substrate.

In the step shown in FIG. 18(b), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the
side faces thereof, and the polysilicon wire 10 by using a
known technique. The gate electrode 4 is formed simulta-
neously with the polysilicon wire 10.

In the step shown in FIG. 18(c), arsenic ions 25 are
implanted into the active region 6 to form source/drain
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regions 5 by using a resist mask 95 formed to cover the
isolation region 7. The NMOSFET is formed by the fore-
going process. Although arsenic ions 25 are not implanted in
the isolation region 7 in the example, they may be implanted
alternatively.

In the step shown in FIG. 18(d), a silicon oxide film is
deposited to form an interlayer insulating film 12, followed
by a metal wire 13 formed thereon.

The manufacturing method according to the present
embodiment also enables the formation of a semiconductor
device having the same structure as the semiconductor
device according to the ninth embodiment, resulting in
smaller wiring-to-substrate capacitance and a higher oper-
ating speed.

Although the present embodiment has formed the trench
102 in the silicon substrate 1 and buried the silicon oxide
film therein to form a miniaturized gate electrode 4, the
silicon oxide film may be formed directly on the isolation
region without forming the trench if the semiconductor
substrate inferior in planarity does not adversely affect the
patterning of the gate during the formation of the gate
electrode.

(Variations of Individual Embodiments)

Although the eighth embodiments of the present inven-
tion have been described, there are variations obtained by
combining the individual embodiments with each other.

By way of example, the first embodiment used in com-
bination with the second to eighth embodiments achieves a
further reduction in wiring-to-substrate capacitance and a
reduction in time required for charging or discharging, so
that the resulting semiconductor device operates at a higher
speed than in the case where each of the embodiments is
used singly.

Thus, according to the present invention, the individual
embodiments used in combination can achieve more
remarkable effects than in the case where each of the
embodiments is used singly.

Although each of the embodiments has used the NMOS-
FET as the element to be disposed in the active region 6, the
present invention is not limited to such embodiments. The
element includes an active element other than the MOSFET
such as a bipolar transistor or diode or a passive element
such as a capacitor.

We claim:

1. A semiconductor device comprising:

a semiconductor substrate having an active region and an
isolation region surrounding said active region;

a first trench portion filled with an insulating material
formed to separate said active region from said isola-
tion region;

a second trench portion filled with an insulating material
formed to separate a plurality of dummy semiconductor
portions in said isolation region;

an interlayer insulating film formed to extend continu-
ously over said active region and said isolation region;

a wire formed on said interlayer insulating film covering
said dummy semiconductor portions and said second
trench portion in said isolation region; and

at least one PN junction formed in said dummy semicon-
ductor portions underlying said wire.

2. A semiconductor device according to claim 1, wherein
said PN junction includes a plurality of PN junctions formed
in said dummy semiconductor portions.

3. A semiconductor device according to claim 1, wherein
said active region is formed with an impurity diffusion
region and a PN junction is formed at a bottom face of said
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impurity diffusion region, the PN junction of said isolation
region being positioned at a level lower than the PN junction
of said active region.

4. A semiconductor device according to claim 1, wherein
said PN junction formed in said dummy semiconductor
portion is positioned at a level between a top surface and a
bottom surface of said second trench portion.

5. A semiconductor device according to claim 1, wherein
said PN junction formed in said dummy semiconductor
portion is positioned at a level below a bottom surface of
said second trench portion.

6. A semiconductor device comprising:

a semiconductor substrate having an active region and an

isolation region surrounding said active region;

a first trench portion filled with an insulating material
formed to separate said active region from said isola-
tion region;

a second trench portion filled with an insulating material
formed to separate a plurality of dummy semiconductor
portions in said isolation region;

an interlayer insulating film formed to extend continu-
ously over said active region and said isolation region;

a wire formed on said interlayer insulating film covering
said dummy semiconductor portions and said second
trench portion in said isolation region; and

a dielectric film interposed between at least said dummy
semiconductor portions of said isolation region and
said interlayer insulating film.

7. A semiconductor device according to claim 6, wherein
said dielectric film is an underlying insulating film inter-
posed between said interlayer insulating film and said
dummy semiconductor portions and said second trench
portion.

8. A semiconductor device according to claim 7, further
comprising a gate electrode formed on the semiconductor
substrate within said active region and sidewalls made of an
insulating material and formed on both side faces of said
gate electrode, wherein said underlying insulating film is
formed of the same film as forming said sidewalls.

9. A semiconductor device according to claim 8, wherein
said underlying insulating film is composed of a multilayer
film.

10. A semiconductor device according to claim 6, wherein
said dielectric film is formed in an upper portion of each of
said dummy semiconductor portions of the semiconductor
substrate to have a top face at approximately the same level
as a top face of each of said second trench portion.

11. A semiconductor device according to claim 6, wherein
said dielectric film is composed of at least one of a silicon
oxide film and a silicon nitride film.

12. A semiconductor device comprising:

a semiconductor substrate having an active region and an

isolation region surrounding said active region;

a first trench portion filled with an insulating material
formed to separate said active region from said isola-
tion region;

a second trench portion filled with an insulating material
formed to separate a plurality of dummy semiconductor
portions in said isolation region;

an interlayer insulating film formed to extend continu-
ously over said active region and said isolation region;

a wire formed on said interlayer insulating film covering
said dummy semiconductor portions and said second
trench portion in said isolation region; and

a buried insulating film formed only in said isolation
region, and in an inner portion of each of said dummy
semiconductor portions in said isolation region.
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13. A semiconductor device comprising:

a semiconductor substrate having an active region and an
isolation region surrounding said active region;

a first trench portion filled with an insulating material
formed to separate said active region from said isola-
tion region;

a second trench portion filled with an insulating material
formed to separate a plurality of dummy semiconductor
portions in said isolation region;

an interlayer insulating film formed to extend continu-
ously over said active region and said isolation region;

a wire formed on said interlayer insulating film covering
said dummy semiconductor portions and said second
trench portion in said isolation region; and

a resistor film formed under said wire, and between said
interlayer insulating film and at least said dummy
semiconductor portions of said isolation region.

14. A semiconductor device according to claim 13,
wherein said resistor film is an underlying resistor film
formed to extend continuously over said dummy semicon-
ductor portions and said second trench portions.

15. A semiconductor device according to claim 14, further
comprising a resistor element formed on said semiconductor
substrate and having a high resistor film, wherein said
underlying resistor film is formed of the same film as
composing the high resistor film of said resistor element.

16. A semiconductor device according to claim 14, further
comprising an element having an electrode member com-
posed of a conductor film formed on the semiconductor
substrate within said active region, wherein said resistor film
is composed of the same material as composing said elec-
trode member.
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17. A semiconductor device according to claim 14, further
comprising a FET having a gate electrode composed of a
first conductor film formed on the semiconductor portion
within said active region and a second conductor film
deposited on said first conductor film, wherein

a top surface of the first conductor film of said gate
electrode is at approximately the same level as a top
surface of said first trench portion and said second
trench portion,

a region of said resistor film overlying each of said
semiconductor portions is formed of the same two films
as composing said first and second conductor films of
said gate electrode, and

a region of said resistor film overlying said first trench
portion and said second trench portion is composed of
the same material as composing said first conductor
film of said gate electrode.

18. A semiconductor device according to claim 13,
wherein said resistor film is formed in an upper portion of
each of said dummy semiconductor portions of the semi-
conductor substrate to have a top face at approximately the
same level as a top surface of said second trench portion.

19. A semiconductor device according to claim 18,
wherein said resistor film is composed of a silicon film
containing at least one of an oxygen atom and a nitrogen
atom.

20. A semiconductor device according to claim 13,
wherein said resistor film is composed of at least one of a
polysilicon film and an amorphous silicon film.
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SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

The present invention relates to a semiconductor device

having a trench-isolated structure and, more particularly, to a

5 method of reducing the capacitance between the wiring and
substrate of the semiconductor device.

As higher—densify and increasingly miniétﬁrized

semiconductor devices have been implemented in recent years,

i ey ey

repeated attempts have been made to substitute a trench isolation

r

10 téchnique for a LOCOS technique which is most prevalently used

to form isolation for providing insulation between individual
elements of the semiconductor deviCes. In accordance with the
trench isolation technique, an insulating material is filled in
a trench formed in a semiconductor substrate to form isolation.
15 Since planarization of a surface of a semiconductor
substrate including the insulating material filled in the trench
is important to the french isolation technique, chemical
mechanical polishing (CMP) has been used as a planarizing
technique which achieves excellent in-plane uniformity free from
20 pattern dependence. In the case where the trench occupies a large
area in a CMP process for planarization, the provision of dummy
island Semiconductor portions has been proposed to avoid trouble
resulting from so-called pattern dependence, which causes
polishing properties to vary depending on the area of a region

25 to be planarized. In other words, the trench is divided into a

QA
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plurality of narrow trenches so that the surface of the
semiconductor substrate is exposed between the individual
trenches to form the dummy semiconductor portions which do not
serve as active regions.

5 FIG. 19 shows an example of the conventional trench-
isolated semiconductor device having the dummy island
semiconductor portions.

As shown in FIG. 19, an active region 6 of a P-type silicon

substrate 1 is formed with: a gate oxide film 2; a gate electrode

10 4 madeofapolysilicon film; and source/drain reg;ons 5 into which
an impurity has been introduced. | An isolation region 7
surrounding the active region 6 is formed with a plurality of
trench portions 8 each filled with a silicon oxide film. Between

the 1individual trench portions 8, there are provided

1 15 semiconductor portions é having top surfaces at the same level
as the top surfaces of the trench portions 8. On the trench
portions 8 also, there is provided d polysilicon wire 10 formed
simultaneously with the gate oxide film 2 and the gate electrode
4 of an element. An interlayer'insulating film 12 is deposited

20 over the entire surface of the substrate, followed by a metal wire
13 provided thereon.

In this case, if the trench ‘portions have such large widths

as shown in FIG. 21(b), a silicon oxide film filled in each of

the trench portions is polished during the CMP process for

25 planarizing the whole substrate so that the surface thereof is

\.-:/‘
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depressed due to pattern dependence, which leads to the trouble
of degraded planarity or the like. The isolation structure as
shown in FIG. 19 has been proposed to prevent such trouble
resulting from pattern dependence.

5 FIGS. 20(a) to20(g) are cross-sectional views illustrating
a process of manufacturing the conventional trench-isoclated
semiconductor device having an NMOS transistor.

In the step shown in FIG. 20(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22 are

-

10 formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 20(b), a plurality of trenches
14 each having a given width are formed in the silicon substrate

e 1. However, the trenches 14 include: trenches 1l4a formed to

E surround the active region 6 to be formed with the element;
- 15 trenéhes 14b formed in ﬁhe isolation region 7 separated from the
active region 6 by the trenches 1l4a to eliminate pattern
dependence from planarity obtained at the completion of the
manufacturing process; and trenches 1l4c for forming the
polysilicon wires. In the isolation region 7 also} the
20 semiconductor portions 9 have been provided to form at least one
projecting portion surrounded by the trenches 14. The
semiconductor portions 9 may be qonsidered as dummy active regions

which do not function as active regions.

In the step shown in FIG. 20(c), a silicon oxide film 23

25 1is deposited over the entire surface of the substrate to fill in

*
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the trenches 14.

In the step shown in FIG. 20(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively ta

5 form the plurality of buried trench portions 8 each filled with
the silicon oxide film and having a planarized surface. The
buried trench portions 8 include: buried trench portions 8a
functioning as isolation; buried trench portions 8b forming the
dummy semiconductor portions 9; and buried trench portions 8c for

x

10 providing insulation between the polysilicon wires and the

silicon substrate.

In the step shown in FIG. 20(e), there are formed the gate

oxide film 2, the gate electrode 4 having sidewalls 24 on the side

faces thereof, and the polysilicon wire 10 by using a known

i3 15 technique. The gate electrode 4 and the polysilicon wire 10 are

formed simultaneously.

In the step shown in FIG. 20(f), arsenic ions 25 are
implanted into the active region 6 of the NMOSFET region by using
a resist mask Rem covering the PMOSFET region and the isolation

20 region to form the source/drain regions 5. The NMOSFET is formed

by the foregoing process steps.

In the step shown in FIG. 20(g), the silicon oxide film is
deposited to form the interlayer insulating film 12, followed by
the metal wire 13 formed thereon.

25 In the foregoing step shown in FIG. 20(f), ions of such an
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impprity as phosphorus or arsenic have been implanted into the
gate electrode 4 and source/drain regions 5 of the active region
6 in the step shown in fIG. 20(f). However, impurity ions are
not implanted in principle in the region other than the active
b region 6, though they may be introduced slight‘;ly extensively into
the periphery of the isolation region in considerations of mask
displacement. Hence,impurityionéarenotimplantadinthedummy

semiconductor portions 9 between the individual trench portions

8.

-

10 ‘ L description will be given to the wiring-to-substrate
capacitance of the trench-isolated semiconductor device having
the small trench portions 8 which are discretely located and the

dummy semiconductor portions 9 as shown in FIG. 19 and in a

semiconductor device having awide isolating/insulating £ilm such
£ 15 as a LOCOS film. FIG; 2l (a) is a croés—sectional view for
illustrating, by way of example, the wiring—to—substrate
capacitance in the 1isolation region 7 having the dummy
semiconductor portions 9. FIG. 21(b) is a cross-sectional view
for illustrating the Qiring-to—substrate capacitance of the
20 semiconductor device having a LOCOS isolation film 100 and no
dummy semiconductor portion. It is assumed here that impurity
ions have not been implanted in the isolation region 7 during the
implantation of ions into the source/drain regions and that the
area occupied by the whole isolation region 7 is equal in each

25 of the two semiconductor devices.

INTEL - 1104
Page 46 of 231




In the semiconductor device shown in FIG. 21(a), a total
wiring-to-substrate capacitance Cat corresponds to the sum of
capacitances Cal and Ca2, which is represented by the following
equation (1):

5 Cat = XCal + XCa2 - (1),
In the case where a member interposed between the wiring and
substrate is composed of a homogeneous material, the wiring-
to-substrate capacitance per unit area is inversely proportional
to the distance between the wiring and substrate, so that the

10 capacitance is larger as the distance is shorter. If the total

wiring-to-substrate of the semiconductor device shown in FIG.

21(b) is represented by Cbt when the dimension Da2 shown in FIG.
21(a) is equal to the dimension Dbt shown in FIG. 21(b), the

following inequality (2) is satisfied:

15 Cat > Cbt | .. (2),
which indicates that the wiring-to-substrate capacitance Cat in
the structure shpwn in FIG. 21(a) 'is larger than the wiring-
to-substrate capacitance Cbt in the structure shown in FIG. 21 (b) .
Although the formation of the island pattern composed of
20 the dummy semiconductor portions in the isolation region has the
advantage of achieving planarization with excellent in-plane
uniformity, it also has the possibility of increasing the
wiring-to-substrate capacitance and resultantly reducing the

operating speed of the semiconductor device.

25
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SUMMARY OF THE INVENTION
In view of the foregoing, the present invention has been
achieved based on the principle that, if each electrode of a
parallel-plate capacitor occupies an equal area, the capacitance
5 of the capacitor is generally smaller as the distance between the
electrodes is larger or on the physical phenomenon that, even when
the capacitor has equal capacitance, the amount of charge

accumulated therein is smaller as the voltage between the

electrodes is lower.

F

10 ' It is therefore an object of the present invention to

increase the operating speed of a trench-isolated semiconductor

device comprising an isolation region consisting of trench
portions and dummy semiconductor portions by providing therein

means for reducing the wiring-to-substrate capacitance in the

12 15 isolation region or means for reducing the amount of charge

" accumulated in the capacitance present betwéen the wiring and
substrate in the isolation region.

A first semiconductor device according to the present

invention comprises: a semiconductor substrate having an active

20 region and an isolation region surrounding the active region; a

plurality of trench portions each fdrmed in the isolation region

and filled with an insulating material; semiconductor portions

interposed between the individual trench portions in the

isolation region; an interlayer insulating film formed to extend

95 continuously over the active région and the isolation region; a
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wire formed on the interlayer insulating film; and at least one

PN junction formed in the semiconductor portions underlying the
wire.

In the arrangement, the capacitance compbnent of the

5 wiring-to-substrate capacitance in the region containing the

semiconductor portions of the isolation region is obtained by

adding in series the capacitance in' the upper portion of the PN

junction of each of the semiconductor portions to the capacitance

in the interlayer insulating film, which is smaller than the

10 capacitanceonlyinthe interlayer insulating film. Accordingly,

the wiring-to-substrate capacitance of the whole semiconductor

device 1s reduced, resulting in the semiconductor device

operating at a higher speed.

The PN junction may include a plurality of PN junctions

15 formed in the semiconductor portions.
The arrangement achieves a further reduction in wiring-
to-substrate capacitance, resulting in a higher operating speed.
The active region may be formed with an impurity diffusion
region and a PN junction may be formed at a bottom face of the
20 impuritydiffusionregion, the PN junction of the isolation region
being positioned at a level lower than the PN junct‘ion of the active
region.
The arrangement further reduces the wiring-to-substrate

capacitance.

25 A second semiconductor device according to the present
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invention comprises: a semiconductor substrate having an active
region and an isolation region surrounding the active region; a
vplurality of trench portions each formed in the isclation region
and filled with an insulating material; semiconductor
5 portions interposed between the individual trench portions in the
isolation region; an interIayer insulating film formed to extend
continuously over the active region and the isolation region; a
wire formed on the interlayer insulating film; and a dielectric
film interposed between at least the semiconductor portions of

10 the isolation region and the interlayer insulating film.

In the arrangement, the capacitance component of the

wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isolation region is obtained by

adding in series the capacitance in the dielectric film to the

15 capacitance in the interlayer insulating film, so that the total
»wifing—to—substrate capacitance is lowered. Consequently, the
operating speed of the semiconductqr device is increased.

As the dielectric film, an underlying insulating film may
be provided between the interlayer insulating film and the

20 semiconductor portions and trench portions.

There can be further provided a gate electrode formed on
the semiconductor substrate within the active region and
sidewalls made of an insulating material and formed on both side
faces of the gate electrode such that the underlying insulating

25 film is formed of the same film as forming the sidewalls.

.

\U
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The underlying insulating film may be composed of a
multilayer film.

The arrangement enables the underlying insulating film for

reducing the wiring—to—substréte capacitance to be composed by

5 using the sidewalls required to form a MOSFET of so-called LDD

structure. Consequently, the wiring-to-substrate capacitance

can be reduced, while avoiding an increase in manufacturing cost.

The dielectric film may be formed in an upper portion of

emﬂiofthesemiconductorportionscﬁfthesemiconductorsubstrate

s

10 to have a top face at approximately the same level as a top face

of each of the trench portions.

Preferably, the dielectric film is composed\of at least one

of a silicon oxide film and a silicon nitride film.

A third semiconductor device according to the present
e 15 invention comprises: a sémiconductor substrate having an active
"region and an isolation region surrounding the active region; a
plurality of trench portions each formed in the isolation region
and filled with an insulating material; semiconductor portions
interposed between the 1individual trench portions 1in the
20 isolation region; an interlayer insulating film formed to extend
continuously ovef the active region and the isolation region; a
wire formed on the interlayer insulating film; and a buried
insulating film formed in an inner portion of each of the
semiconductor portions in the isolation region.

25 The arrangement allows a reduction in the wiring-to-

10
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substrate capacitance of the entire isolation region, resulting

in a significant reduction in operating speed.
A fourth semiconductor device according to the present
invention comprises: a semiconductor substrate having an active
5 region and an isolation region surrounding the active region; a
plurality of trench portions each formed in the isolation region
and filled with aﬁ insulating material; semiconductor portions
interposed between the individual trench portions in the
isclation region; an interlayer insulating film formed to extend

10 continuously over the active region and the isolation region; a

wire formed on the interlayer insulating film; an a resistor film

formed between the interlayer insulating film and at least the
semiconductor portions of the isolation region.

In the arrangement, a voltage drop in the resistor film

15 reduces the amount of charge accumulated in the wiring-to-
substrate capacitance in the region of the semiconductor device
containing the resistor film, though the wiring-to-substrate
capacitance is not reduced in the region. Consequently, the time
required for charging or discharging is reduced, resulting in the

20 semiconductor device operating at a higher speed.

As the resistor film, an underlying resistor film may be
formedtoextendcontinuouslyoverthesemiconduétorportionsand
trench portions.

The arrangement allows the wiring-to-substrate capacitance

25 to be reduced by using various films having electric resistivity

11
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which are formed on the semiconductor substrate.

There can further be provided a resistor element formed on
the semiconductor substrate and having a high resistor film such
that the underlying resistor film is formed of the same film as

5 composing the high resistor film of the resistor element.

Dlthearrangement,theunderlyingresistorfilmhavingthe
same resistance as the high resistor film used as a resistor
element achieves a remarkable voltage dropping effect.

Therecanfurtherbeprovidmdanelementhavinganelectrbde

10 member composed of a conductor film formed on the semiconductor

substrate within the active region such that the resistor film

is composed of the same material as composing the electrode

member.

There can further be provided a FET having a gate electrode

15 composed of a first conductor film formed on the semiconductor
‘portion within the active region and a second conductor film
deposited on the first conductor film such that a top surface of
the first conductor film of the gate electrode is at approximately
the same level as a top surface of each of the trench portions,

20 while a re.gion of the resistor film overlying each of the
semiconductor portions is formed of the same two films as
composing the first and second conductor films of the gate
electrode and a region of the resistor film overlying each of the
trench portions is composed of the same material as composing the

25 first conductor film of the gate electrode.

12
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Each of the arrangements eliminates the necessity for an

additional step of forming the resistor film, so that the

" wiring-to-substrate capacitance is réduced, while an increase in
manufacturing cost is prevented.

5 The resistor film may be formed in an upper portion of each
of the semiconductor portions of the semiconductor substrate to
have a top face at approximately the same level as a top surface
of each of the trench portions.

The resistor film may be composed of a silicon film

-

10 containing at least one of an oxygen atom and a nitrogen atom.

The resistor film may be composed of at least one of a
polysilicon film and an amorphous silicon film.
The arrangement allows the formation of the resistor film

by using the polysilicon £ilm or amorphous silicon film to compose

15 the gate electrode and the resistor element and thereby prevents
an increase in manufacturing cost.

A first method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate region

20 of a first conductivity type, a first trench for partitioning the
substrate regioh into an active region and an isolation region
and a second trench for partitiqnind the isolation region into
a plurality of dummy semiconductor portions; a second step of
filling an insulating material in each of the first and second

25 trenches to forma first buried trench portion and a second buried

13
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trench portion; a third step of forming an element on the active

region; a fourth step of introducing an impurity containing at

least an impurity of a second conductivity type into the dummy

semiconductor portions of the isolation region to form at least

5 one PN junction in the dummy semiconductor portions; a fifth step

of forming an interlayer insulating film over an entire surface

of the substrate; and ,é sixth step of forming a wire on the
interlayer insulating film.

The methods enables the formation of the semiconductor

10 device including the dummy semiconductor portions each having the

PN Jjunction. The capacitance component of the wiring-to-

substrate capacitance in the region containing the semiconductor

portions of the isolation region is obtained by adding in series

the capacitance in the upper portion of the PN junction of each

i2d 15 of the semiconductor port.ions to the capacitance in the interlayer
insulating film, which is smaller thanbthe capacitance only in
the interlayer insulating film. Accordingly, the wiring-to-
substrate capacitance of the whole semiconductor device is
reduced, resulting in the semiconductor device operating at a
20 higher speed.

The third and fourth steps may include forming a gate
electrode of a FET as the element on the active region, introducing
the impurity of the second conductivity type into the active
region and the dummy semiconductor portions, and thereby forming

25 source/drain regions of the FET, while forming the at least one

14

INTEL - 1104
Page 55 of 231




PN junction in the dummy semiconductor portions.

The method enables the formation of the semiconductor
device operating at a high speed by using a typical manufacfuring
process for forming a FET without an additional step of forming

5 the PN junction in each of the dummy semiconductor portions.

The third steé may include forming a gate electrode of a
FET as the element on the active region by using a first mask
covering the isolation region and introducing the impurity of the
second conductivity type into the active region to form

10 source/drain regions of the FET and the fourth step may include
introducing the impurity containing at least the impurity of the
second conductivity type into the dummy semiconductor portions

by using a second mask covering the active region to form the at

least one PN junction in the dummy semiconductor portions.

15 The method enables the formation of the semiconductor
‘device having an arbitrary number of PN junctions without placing
restraints on the depth and impurity concentration of the PN
junction in the active region, resulting in a semiconductor device
having minimum wiring-to-substrate capacitance.

20 A second method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate region,
a first trench for partitioning the substrate region into an
active region and an isolation région and a second trench for

25 partitioning the isolation region into a plurality of dummy

15
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semiconductor portions; a second step of filling an insulating
material in each of the first and second trenches to form a first
buried trench portion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step
5 of forming a resistor film on each of the dummy semiconductor
portions of the isolation region; a fifth step of forming an
interlayer insulating ‘film over an entire surface of the

substrate; and a sixth step of forming a wire on the interlayer

=S

insulating film.

r

10 / The method enables the formation of the semiconductor

e W e

device comprising the resistor film between the interlayer

insulating film and dummy semiconductor portions of the isolation

o

e
aere

region. A voltage drop in the resistor film reduces the amount

o B e g g

of charge accumulated in the wiring-to-substrate capacitance,

15 though the wiring-to—subétrate capacitance is not reduced in the
region containing the resistor film of the semiconductor device.
Consequently, the time required for charging or discharging is
reduced, resulting in the semiconductor device operating at a
higher speed.

20 The fourth step may include composing the resistor film of
a film containing at least one of polysilicon and amorphous
silicon.

The fourth step may include composing the resistor film of
amultilayer film constituted by two or more conductor films with

25 at least an insulating film interposed therebetween.

16
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The fourth step may include introducing an impurity at a
concentration of 1 x 10%° atoms * cm™ or lower into the resistor
film.,

A third method of manufacturing a semiconductor device

5 according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate region,
a first treﬁch for partitioning the substrate region into an
active region and an isolation region and a second trench for
partitioning the isolation region into a plu§ality of dummy
10 semiconductor portions; a second step of filling an insulating

material in each of the first and second trenches to form a first

buried trench portion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step

of implanting ions into an upper portion of each of the dummy

15 semiconductor portions to form a high resistor portion therein;
a fifth step of forming an interlayer insulating film over an
entire surface of the substrate; and a sixth step of forming a
wire on the interlayervinsulating film.

The method allows the formation of the semiconductor device

20 comprising the high resistor portion between the interlayer
insulating film and dummy semiconductor portions of the isolatién
region. As described above, a voltage droﬁ,in the region
containing the high resistor'portion.of the semiconductor device
reduces the amount of charge accumulated in the wiring-to-

25 substrate capacitance. What results is the semiconductor device

- .
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which requires a shorter time for charging or discharging and
therefore operates insulating film at a higher speed.
The fourth step may include implanting ions containing at
least an atom having an oxidizing function to form the high
5 resistor portion.
The fourth step may include implanting ions containing at
least an atomhaving anitriding function to form the high resistor

portion.

A fourth method of manufacturing a semiconductor device

F3

10 according to the present invention comprises: a first step of

forming, in a semiconductor substrate having a substrate region,

a first trench for partitioning the substrate region intoc an

active region and an isolation region and a second trench for

partitioning the isolation region into a plurality of dummy

o

15 semiconductor portions; a second step of filling an insulating
‘material in each of the first and second trenches to form a first
buried trench portion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step
of forming an underlying insulating film over the dummy

20 semiconductor portions of the isolation region; a fifth step of
forming an interlayer insulating film over an entire surface of
the substrate; and a sixth step of forming a wire on the intérlayer
insulating film.

In accordance with the method, there 1is formed the

25 semiconductor device including the underlying insulating film

18
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beneath the interlayer insulating film in the isolation region
thereof. Consequently, the capacitance component of the
wiring-to-substrate capacitance in the region containing the
semiconductor portions of the isolation region is obtained by
5 addinginseriesthecapacitanceinthelnmbrlyinginéulatingfilm
to the capacitance in the interlayer insulating film, so that the
total wiring-to—-substrate capacitance is reduced. What results

is the semiconductor device operating at a high speed.
The third step and the fourth step may include forming a
10 gate electrode of a FET forming the element on the active region,

depositing a dielectric film on the” substrate, performing

anisotropic etching with respect to the dielectric film by using
a mask covering the isolation region, and thereby leaving

sidewalls on both side faces of the gate electrode, while leaving

15 the underlying insulating film over the dummy semiconductor
portions. |

The method enables the formation of a semiconductor device
operating at a high speed by using a typical manufacturing process
for forming a FET without an additional step of forming the

20 underlying insulating film.

The fourth step may include forming .the underlying
insulating film of a dielectric film containing at least silicon
oxide.

The fourth step may include forming the underlying

25 insulating film of a dielectric film containing at least silicon

19 _
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nitride.

A fifth method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forhing, in a semiconductor substrate having a substrate region,

5 a first trench for partitioning the substréte region into an
active region and‘an isolation region and a second trench for
partitioning the isolation region into a plurality of dummy
semiconductor portions; a second step of filling an insulating
material in each of the first and ;econd trenches to form a first

10  buried trench portion and a second buried trench portion; a third

step of forming an element on the active region; a fourth step

of forming depressed portions by etching the dummy semiconductor
portions and filling an insulating material in the depressed

portions to form inter-trench insulating films each having a top

15 face at the same level as respective top faces of the first and
second buried trench portions; a fifth step of forming an
interlayer insulating film over an entire surface of the
substrate; and a sixth step of forming a wire on the interlayer
insulating film.

20 In accordance with the method, there is formed the
semiconductor device comprising the inter-trench insulating
films between the interlayer insulating films and dummy
semiconductor portions of the 1isolation region thereof.
Consequently, the capacitance component of the wiring-to-

25 substrate capacitance in the region containing the semiconductor-

20
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portions of the isolation region is obtained by adding in series

the capacitance in the inter-trench buried insulating films to

the capacitance in the interlayer insulating film, so that the

total wiring-to-substrate capacitance is reduced. What results
5 is the semiconductor device operating at a high speed.

The fourth stepmay include forming each of the inter-trench
insulating films of a dielectric film containing at least silicon
oxide.

Thefourthstepmayincludeformingeachcﬁf?heinter—trench

10 insulating films of a dielectric film containing at least silicon

nitride.

; A sixth method of manufacturing a semiconductor device
according to the present invention comprises: a first step of

forming, in a semiconductor substrate having a substrate region,

15 a first trench for partitioning the substrate region into an
active region and an isolation region and a second trench for
partitioning the isolation region into a plurality of dummy
semiconductor portions; a second step of filling an insulating
material in each of the first and second trenches to form a first

20 buried trench portion and a second buried trench portion; a third
step of forming an element on the active region; a fourth step
of implanting oxygen ions into each of the dummy semiconductor
portions to form a buried insuléting film in an inner portion
thereof; a fifth step of forming an interlayer inéulating film

25 over anentire surface of the substrate; and a sixth step of forming

~ .
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a wire on the interlayer insulating film,

A seventh method of manufactﬁring a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate region,

5 a first trench for partitioning the substrate region into an
active region and an isolation‘region and a second trench for
partitioning the isolation region into a pluraiity of dummy.
semiconductor portions; a second step of filling an insulating
material in each of the first and second trenches to form a first

10 buried trench portion ana a second buried trench portion; a third

step of forming third trenches by etching the semiconductor

s A e A e e

portions and filling an insulating material in the third trenches

o

to form buried insulating films each having a top face at a level

lower than respective top faces of the first and second buried

23
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trench portions; a fourt.h step of growing semiconductor films on
the buried ivnsulating films, with the active region covered with
a mask member, to form dummy semiconductor portions; a sixth step
of forming an interlayer insulating film over an entire surface
of the substrate; a fifth step of forming an element on the active
20 region; a seventh step of forming a wire on the interlayer
insulating film.

An eighth method of manufacturing a semiconductor device
according to the present invention comprises: a first step of
forming, in a semiconductor substrate having a substrate region,

25 a first trench extending over an entire isolation region of the

~ .
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substrate region, while leaving an active region of the substrate
region; a second step of filling an insulating material in the
first trench to form a buried insulating film having a top face
at the same level as a top face of the isolation region; a third
5 step of growing a semiconductor film over the active region and
the buried insulating film; a fourth step of forming, in the
semiconductor substrate, a second trench for partitioning the
semiconductor film and the substrate region into the active region
and the isolation region and a third trench for gartitioning the
10 portion of the semiconductor film overlying the isolation region

into a plurality of dummy semiconductor portions; a fifth step

of filling an insulating material in each ofAthe second and third
trenches to form a first buried trench portion and a second buried

trench portion; a sixth step of forming an element on the portion

i 15 of the semiconductor film overlying the active region; a seventh
"step of forming an interlayer insulating film over an entire
surface of the substrate; and an eighth step of forming a wire
on the interlayer insulating film.
In accordance with the methods, there are obtained
20 semiconductor devices each comprising a buried insulating film
at a depth of each of the dummy semiconductor portions of the
isolation region. What results is the semiconductor device

having smaller wiring-to-substrate capacitance and operating at

a higher speed.
25

INTEL - 1104
Page 64 of 231




BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) is a cross-sectional view of a semiconductor
device according to a first embodiment, having shallow PN
junctions formed in the semiconductor portions thereof and FIG.

5 1(b) is an enlarged cross—-sectional view of an isolétion region

for illustrating the wiring—tofsubstrate capacitance in the
semiconductor device;

FIGS. 2(a) to 2(g) are cross-sectional views illustrating
a process of manufacturing the semiconductor dev}ce according to

10 the first embodiment;

FIG. 3 1is a cross—sectional view of a semiconductor device

according to a second embodiment, having shallow PN junctions

formed in the semiconductor portions thereof;

FIG. 4 is a cross-sectional view of a semiconductor device

1 15 according to a third embédiment, having two PN junctions in the
‘semiconductor portions thereof;

FIG. 5 is a cross-sectional view of a semiconductor device
according to a fourth embodiment, having a high resistor film
formed on the semiconductor portions thereof;

20 FIGS. 6(a) to 6(h) are cross-sectional views illustrating
a process of manufacturing a semiconductor device according to

a fourth embodiment;
FIG. 7 is a cross-sectional view of a semiconductor device

according to a fifth embodiment, havingamultilayer gate provided

25 therein;
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FIG. 8 is a cross-sectional view of a semiconductor device
according to an eighth embodiment, having an inter-trench film
formed on each of the semiconductor portions thereof;

FIGS. 9(a) to 9(i) are cross-sectional views illustrating

5 a process of manufacturing the semiconductor device according to
the sixth embodiment;

FIG. 10 is a cross-sectional view of a semiconductor device
according to a seventh embodiment, having a high resistor portion
in the upper portion of each of the semiconductpr portions;

10 FIGS. 11(a) to 11 (h) are cross-sectional views illustrating

a process of manufacturing a semiconductor device according to
a seventh embodiment;

FIG. 12 is a cross-sectional view of a semiconductor device
according to an eighth embodiment, having an underlying, having

an underlying insulating film formed beneath an interlayer

insulating film; .

!
FIGS. 13(a) to 13 (“) are cross-sectional views illustrating

a process of manufacturing the semiconductor device according to
the eighth embodiment;

20 FIG. 14(a) is a cross-sectional view of a semiconductor
device according to a ninth embodiment, having a bﬁried insulating
film formed over the entire isolation region and FIG. 14(b) is
an enlarged cross-sectional view of the isolation region for

illustrating the wiring-to-substrate capacitance in the

25 semiconductor device;

25
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FIGS. 15(a) to 15(h) are cross-sectional views illustrating
a process of manufacturing a semiconductor device according to

the ninth embodiment;

FIGS.lG(a)tolG(i)arecross—sectionalviewsillustrating

5 a process of manufacturing a semiconductor device according to
a tenth embodimeﬁt;

FIGS. 17(a) to17(f) are cross—-sectional views illustrating

the first half of a process of manufacturing a semiconductor

device according to an eleventh embodiment:;

3

10 FIGS. 18(a) to18(d) are cross—-sectional views illustrating

the second half of the process of manufacturing the semiconductor
device according to the eleventh embodiment;
FIG. 19 1is a. cross—sectional view of a conventional

semiconductor device;

15 FIGS. 20(a) to 20(g) are cross-sectional views
illustrating a process of manufacturing the conventional
semiconductor device; and

FIG. 21 is a cross-sectional view for illustrating the
wiring-to-substrate capacitance in each of a conventional

20 trench-isolated semiconductor device and a conventional LOCOS-

isolated semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, the embodiments of the

25 present invention will be described.

26
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(First Embodiment)

FIG. 1(a) is a cross-sectional view of a semiconductor
device having a MOSFET according to a first embodiment. As shown
in the drawing, a first active region 6 of a P-type silicon

5 substrate 1 is provided with an element functioning as the MOSFET
composed of: a gate oxide film 2; a gate electrode 4 made of a
polysilicon film; and source/drain regions 5. An isolation
region 7 for electrically isolating the individual elements is
formed with a plurality of trench portions 8 each filled with a

10 silicon oxide film as an insulating material and with dummy

semiconductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the trench

portions 8 formed in the isolation region 7, there is provided

a polysilicon wire 10 formed simultaneously with the gate

15 insulating film 2 and t;he gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon oxide
film deposited over the entire surfacé of the substrate and a metal
wire 13 formed on the interlayer insulating film 12.

Each of the semiconductor portions 9 formed in the isolation

20 region7 isprovidedwith animpurity diffusion layer 21 into which
an N-type impurity of the conductivity type opposite to that of
the silicon substrate 1 has been introduced, so that a PN junction
22 is formed between the impurity diffusion layer 21 and the
silicon substrate 1. The PN junction 22 is positioned at a level

25 Dbetween those of the top and bottom faces of the trench portions

27

25

INTEL - 1104
Page 68 of 231




FIG. 1(b) is a cross-sectional view for illustrating the
wiring-to-substrate capacitance in the isolation region 7 of the
semiconductor device according to the present embodiment. As

5 shown in the drawing, the wiring-to-substrate capacitance of the
semiconductor device according to the present embodiment includes
the components of capacitances Cal and Ca2, similarly to the
wiring-to-substrate capacitance of the conventional
semiconductor device shown in FIG. 21(a). Moreover, since the

10 PN junction 22 is formed in each of the semiconductor portions

9, another capacitance Cjl is added in series to the capacitance

Cal. Hence, the total wiring-to-substrate capacitance Cjt is

represented by the following equation (3):

cjt = Z{(cal x Cjl)/(Cal + Cjl1)} + XCa2 - (3),

15 which is smaller than the total capacitance Cat represented by

the equation(l). Accordingly, the following inequality (4) is
satisfied(4):
Cjt < Cat . (4).
Thus, the wiring-to-substrate capacitance can be reduced
20 in the semiconductor device according to the present embodiment
owing to the PN junction 22 present in each of the dummy
semiconductor portions 9 of the isolation region 7, which
increases the operating speed of the semiconductor device.
A description will be given next to a method of

256 manufacturing a semiconductor device according to the present

28
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embodiment. FIGS. 2(a) to 2(g) are cross-sectional views
showing the structure of the semiconductor device having the
NMOSFET according to the present embodiment in the manufacturing
process therefor.
5 In the step shown in FIG. 2(a), the thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.
In the step shown in FIG. 2(b), the plurality of trenches
14 each having a given width are formed in the silicon substrate

1. The trenches 14 include: trenches 14a formed to surround the

active region 6 to be formed with the element; trenches 14b formed

e e e S e i
.
=

i in the isolation region 7 separated from the active 6 region by
the trenches 14a to eliminate pattern dependence from planarity

obtained at the completion of the manufacturing process; and

15 trenches 1l4c for forming the polysilicon wires. 1In the isolation
region 7 also, the semiconductor portions 9 have been provided
to form at least one projecting portion surrounded by the trenches
14. The semiconductor portions 9 may be considered as dummy
active regions whichrdo not function as active regions. The

20 trenches include one fofmed in a position immediately under the -
polysilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 2(c), a‘silicon.oxide film 23 is
deposited over the entire surface of the substrate to f£ill in the
trenches 14.

25 In the step shown in FIG. 2(d), the silicon oxide film 23
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is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively to
form the plurality of buried trench portions 8 each filled with
the silicon oxide film and having a planarized surface. The
5 Dburied trench portions 8 include: buried trench portions 8a
functioning as isolation; buried trench portions 8b forming the
dummy semiconductor portions 9; and buried trench portions 8c for

providing insulation between the polysilicon wires and the

o ety g

silicon substrate.

-

10 | In the step shown in FIG. 2(e), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wires iO by using a known
technique. The gate electrode 4 and the polysilicon wires 10 can
be formed simultaneously by using’a common mask.

i3 156 In the step shown in FIG. 2 (f), arsenic ions 25 are implanted
not only into the active region 6 but also into the entire isolation
region 7. As a result, the NMOSFET having the source/drain
regions 5 is formed in the active region 6. On the other hand,
an N-type impurity diffusion layer 31 is formed in each of the

20 dummy semiconductor portions 6 of the isolation region 7,
resulting in a PN junction 32 formed b’etween the N-type impurity
diffusion layer 31 and the P-type silicon substrate 1. The
present embodiment is characterized in that the PN junction 32

is positioned between the top and bottom faces of the buried trench

25 portions 8.
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In the step shown in FIG. 2(g), the silicon oxide film is
deposited to form the interlayer insulating film 12, followed by
the metal wire 13 formed thereon.

In the case of providing the MOSFET in the active region

5 as provided in accordance with the manufacturing method of the
present embodiment, the PN Jjunction 22 in éach of the
semiconductor portions 9 can be formed easily through the
implantation of ions for forming the source/drain regions 5, so

that manufacturing cost is not increased.

3

—
=]

Although the present embodiment has described the case of

it
i

T e i

i

using the P-type silicon substrate, it will be appreciated that
the same effects as achieved in the present embodiment are also
f% achieved in the case of using an N-type silicon substrate by

introducing a P-type impurity into the upper portions of the

15 semiconductor portions located between the individual trench
portions and thereby forming the PN junctions between the
resultingP—typeimpuritydiffusioniayersandthebhtypesilicon
substrate.

Although the formation of the PN junctions 32 in the dummy

20 semiconductor portions 9 of the isolation region 7 has been
performed simultaneously with the formation of the source/drain
regions 5 in the manufacturing’mefhod.of the present embodiment,
the formation of the dummy semiconductor portions 9 may be
preformed at any stage of the process of manufacturing the

25 semiconductor device, provided that the PN junctions can be formed

3 1 e “
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in the dummy semiconductor portions.
(Second Embodiment)
FIG. 3 is a cross—-sectional view of a semiconductor device
according to a second embodiment.
5 As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning as
a MOSFET -composed of: a gate oxide film 2; a gate electrode 4 made
= of a polysilicon film; and source/drain regions 5. An isolation
:z; region 7 for electrically isolating the individ}lal elements is
f; 10 fofmed with a plurality of trench portions 8 each filled ’with a
silicon oxide film as an insulating material and with dummy
semiconductor portions 9 provided between the individual trench
portions 8 and not serving as aétive regions. On one of the trench

portions 8 formed in the isolation region 7, there is provided

15 a polysilicon wire 10 formed simultaneously with the gate
‘insulating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon oxide
film deposited over the entire surface of the substrate and ametal
wire 13 formed on the interlayer insulating film 12.

20 Each of the semiconductor portions 9 formed in the isolation
region 7 is provided with an impurity diffusion layer 31 into which
an N-type impurity of the conductivity type opposite to that of
the impurity introduced into the silicon substrate 1 has been
introduced, so that a PN junction 32 is formed between the impurity

25 diffusion layer 31 and the silicon substrate 1. The PN junction

-~ .
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32 is positioned at a level lower than the bottom faces of the
trench portions 8.
The wiring-to-substrate capacitance in the 1isolation

region 7 of the present embodiment is represented by the following

5 equation (5):

cijt = X {(cal x Cjl)/(Cal + Cjl)}
+X{(Ca2 x Ckl)/(Ca2 + Ckl)} oL (5),
. which is smaller than the total capacitance Cat represented by

the equation (1). In the foregoing equation (5), Ckl represents
10 the capacitance between the bottom face of the trench portion 8

and the PN junction 32. Hence, the following inequality (6) is

satisfied, similarly to the first embodiment:
Cjt < Cat . (6).

Thus, the wiring-to-substrate capacitance can also be

15 reduced in the semiconductor device according to the present

- embodiment since the PN junction 32 is present in each of the dununy.

semiconductor portions 9 of the isolation region 7, similarly to

the first embodiment, | so that the operating speed of the

semiconductor device is increased. 1In particular, the present

20 embddiment can reduce the wiring-to-substrate capacitance in the

entire isolation region containing not only the semiconductor

portions 9 but alsé the trench portions, so that the effect of
increasing the operating speed is remarkable.

Although it isdifficult to form the PN junction 32 as formed

25 in the present embodiment through the implantation of impurity

-~ .
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ions for fo.rming the source/drain regions‘of the MOSFET, the
impurity concentration and the depth of ionic penetration into
the substrate can be controlled arbitrarily, so that a higher
effect of reducing the capacitance is achieved. 1In particular,
5 since the PN junction 32 is positioned at a level lower than the
bottom faces of the trench portions 8, a higher effect of reducing

the capacitance is achieved.
Although the present embodiment has described the case of
using the P-type silicon substfate, an N-type si‘l_icon substrate
10 mayalsobeusedinstead. Inthiscase, a PN junction canbe formed

by introducing a P-type impurity into the semiconductor portions

and thereby forming an impurity diffusion layer, so that the same
effects as achieved in the present embodiment are achieved.

(Third Embodiment)

15 FIG. 4 is a'cross—s.ectional view of a semiconductor device
“according to a third embodiment.

As shown in the drawing, a first active region 6 of a P-type

silicon substrate 1 is provided with an element functioning as

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made

20 of a polysilicon film; and source/drain regions 5. An isolation

region 7 for electrically isolating the individual elements is

formed with a plurality of trench portions 8 filled with a silicon

oxide film as an insulating material and with dummy semiconductor

portions 9 provided between the individual trench portions 8 and

25 not serving as active regions. On one of the trench portions 8

- .
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formed in the isolation region 7, there is provided a polysilicon
wire 10 formed simultaneously with the gate insulating film 2 and
the gate electrode 4. There are further provided an interlayer
insulating film 12 made of a silicon oxide film deposited over
5 the entire surface of the substrate and a metal wire 13 formed
on the interlayer insulating film 12.
Each of the dummy semiconductor portions 9 formed in the
isolation region 7 is provided with a P-type impurity diffusion
layer 41 and an N-type impurity diffusion layqr 42, which are

10 arranged in this order from the surface of the silicon substrate.

As a result, a first PN junction 43 is formed between the P-type
impurity diffusion layer 41 and the N-type impurity diffusion
layer 42, while a second PN junction 44 is formed between the N-type

impufity diffusion layer 42 and the P-type silicon substrate 1.

15 The first and second PN juhctions 43 and 44 are positioned at levels
between the top and bottom faces of the trench portions 8.
If respective junction capacitances in the P-type and
N-type impurity diffusion layers 41 and 42 are designated at Cjl
and Cj2, a total wiring-to-substrate capacitance Cjt in the
20 semiconductor device according to the present embodiment 1is
represented by the following equation (7):
Cit =2 ({1/[(1/Cal) + (1/C31) + (1/C32)]} + ECa2 w (1),
which is smaller than the total capacitance Cat of the
semiconductor device according to the first embodiment

25 represented by the equation (1). Hence, the following equation

~ .
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(8) is satisfied:
Cjt < Cat -~ (8).
Since the present embodiment has provided the plurality of
PN junctions 43 and 44 in the respective dummy semiconductor
5 portions of the isolation region 7, the capacitance component of
the wiring-to-substrate capacitance in the region containing the

semiconductor portions 9 of the semiconductor device can be

i

represented by the capacitance obtained by connecting in series
the respective capacitances in the P-type and N-type impurity

10 diffusion layers 41 and 42 to the capacitance in the interlayer

insulating film. Consequently, the wiring-to-substrate
capacitance of the semiconductor device can further be reduced
than in the first embodiment, resulting in the semiconductor

device operating at a higher speed.

= 15 Although the preéent embodiment has described the case
where the two PN junctions 43 and 44 are formed of the two impurity
diffusion layers, if thrée or more PN junctions are formed of three
or more impurity diffusion layers, the total wiring-to-substrate
capacitance can be represented in the same fashion as represented
20 by the equation (7). For example, if m PN junctions (m is an
integer equal to or more than 3) are formed in each of the dummy
active regions 9 and n PN junctions (n is an integer equal to or
more than 3) are formed immediately under the trench portion 8,

the total wiring-to-substrate capacitance Cjt is represented by

25 the following equation (9):
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Cjt = X {1/[(1/Cal) + Z(1/Cjm)]}
+X{1/[(1/ca2) + Z(1/Cjn)]} - (9),
which is smaller than the total capacitance Cat represented by
the equation (1). Hence, the following inequality (10) is
5 satisfied:

Cjt < cat . (10).

In the case of using the structure, the wiring-to-substrate
capacitance can be reduced significantly since not only the
capacitance component in the region containing tk__levsemiconductor

10 portions of the isolation region 7 but also the capacitance

component in the region containing the trench portions thereof

is also reduced.
(Fourth embodiment)

FIG. 5 is a cross—-sectional view of a semiconductor device

15 according to a fourth émbodiment.
As shown in the drawing, a first active region 6 of a P-type
silicon substrate 1 is provided with an element functioning as
a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made
of a polysilicon film; and source/drain regions 5. An isolation
20 region 7 for electrically isolating the individual elements is
formed with a plurality of trench portions 8 each filled with a
silicon oxide film as an insulating material and with dummy
semiconductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the trench

25 portions 8 formed in the isolation region 7, there is provided

- .
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a polysilicon wire 10 formed simultaneously with the gate
insulating film 2 and the gate electrode 4. 1In addition, a dummy
gate 51 composed of a polysilicon film formed simultaneously with
the gate electrode 4 extends continuously over the semiconductor
5 portions 9 and trench portions 8. Over the dummy gate 51, the
polysilicon wire 10, and a surface of the silicon substrate
(except for the active region), a silicon oxide film 52 and a high
resistor film 53 composed of a polysilicon filmare further formed
in layers. The dummy gate 51 has been formed py patterning a
10 first-layer polysilicon film used commonly to form the gate
electrode 4 and the polysilicon wire 10 so that it is at a given
distance from each of the gate electrode 4 and the polysilicon
wire 10. The polysilicon film composing the high resistor film

53 has a sheet resistance film higher than that of the first-

e 15 layer polysilicon film composing the gate electrode 4 and the like

" and an impurity concentration of 1 x 10®° cm™ or less. The sheet

resistance of the dummy gate 51 can also Ee held high by covering

the isolation region with a resist film or the like during the
implantation of an impurity into the active region.

20 In the semiconductor device according to the present
embodiment, it is sufficient to consider the capacitance between
the wirihg and high resistor film instead of the capacitance
between the wiring and substrate. In this case, since the
resistance of the polysilicon film composing the high resistor

25 film 53 is high, a voltage drop occurs between the top face of

- .
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" the high resistor film 53 and the surface of the semiconductor
substrate 1. Accordingly, the voltage applied to the top and
" bottom faces of the interlayer insulating film is reduced, though
the capacitance of the interlayer insulating film 12 remains
5 unchanged. Since the amount of charge accumulated in the top and
bottom faces of the intérlayer insulating film 12 decreases in
direct proportion to the voltage applied thereto, the time
required for charging or discharging between the wiring and high
resistor is reduced, resulting in the semicondpctor device
10 operating at a higher speed.

A description will be given next to a method‘ of

manufacturing a semiconductor device according to the present
embodiment. FIGS. 6(a) to 6(h) are cross-sectional views

showing the structure of the semiconductor device having an

3 15 NMOSFET according to the present embodiment in the manufacturing
‘process therefor.
In the step shown in FIG. 6(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicoﬁ nitride film 22 are
formed sequentially on the P-type silicon substrate 1.
20 In the step shown in FIG. 6(b), a plurality of trenches 14
each having a given width are formed in the‘silicon substrate 1.
The trenches 14 include: trenches 14a formed to surround the
active region 6 to be formed with the element; trenches 14b formed
in the isolation region 7 separated from the active region 6 by

25 the trenches 1l4a to eliminate pattern dependence from planarity

- .
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obtained at the completion of the manufacturing process; and
trenches 1l4c for forming the polysilicon wires. 1In the isolation
region 7 also, the semiconductor portions 2 have been provided
to form at least one projecting portion surrounded by the trenches
5 14. The semiconductor portions 9 may be considered as dummy
active regions which dé not function as active regions. The
trenches include one formed in a position immediately under the
polysilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 6(c), a silicon oxide film 23 is

15
%
if
i3
=

10 deposited over the entire surface of the substrate to £ill in the

trenches 14.

In the step shown in FIG. 6{(d), the silicon oxide film 23
is polished by a CMP process. Subsequently, the silicon nitride

film 22 and the silicon oxide film 21 are removed selectively to

15 form a plurality of buried trench portions 8 each filled with a
silicon oxide film and 5aving a planarized surface. The buried
trench portions 8 include: buried trénch;portions 8a functioning
as 1isolation; buried trench portions 8b forming the dummy
semiconductor portions 9; and buried trench portions 8c for

20 providing insulation between the polysilicon wires and the
silicon substrate.

In the step shown in FIG. 6(e), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wires 10 by using a known

25 technique. During the process, the dummy gate 51 is formed

- .
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simultaneously with the gate electrode 4 and the polysilicon wire
10 and at a given distance from each of the gate electrode 4 and
the polysilicon wire 10, so that thé dummy gate 51 neither cross
nor contact the gate electrode 4 and the polysilicon wire 10. The
5 gate electrode 4, the polysilicon wire 10, and the dumny gate 51
can be formed simﬁltaneously bS{ using a common semiconductor mask.
The dummy gate 51 has a sheet resistance higher than those of the

gate electrode 4 and polysilicon wire 10, which are used as

!

-
b=
FR
5
i

interconnections, and has an impurity concentration adjusted to

10 be 1 x 10* atoms * cm™ or lower by ion implantation or the like.
In the step shown in FIG. 6(f), the silicon oxide film 52

and the high resistor film 53 made of polysilicon are formed over

the isolation region 7. The high resistor film 53 has a sheet

resistance higher than those of the gate electrode 4 and

15 polysilicon wires 10 and has an impurity concentration adjusted
to be 1 x 10* atoms * cm™ or lower by ion implantation or the
like. The silicon oxide film 52 and the high resistor film 53
are formed to provide a MIM capacitor aﬁd a resistor.

In the step shown in FIG. 6(g), a resist mask 55 covering

20 at least the isolation region 7 is formed and arsenic ions 25 are
implanted into the active region 6 to form the NMOS havingvthe
source/drain regions 5. During the process, arsenic ions are not
implanted in the iseolation region 7.‘

In the step shown in FIG. 6(h), a silicon oxide film is

25 deposited to form the interlayer insulating film 12, followed by

- .
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a metal wire 13 formed thereon.

In the semiconductor device according to the present
embodiment, it is sufficient to consider the capacitance between
the wiring and high resistor film instead of the capacitance

5 between the wiring and substrate. In this case, since the
resistance of the polysilicon film composing the high resistor
film 53 is high, é voltage drop occurs between the top face of
the high resistor film 53 and the surface of the semiconductor
substrate 1. Accordingly, the voltage applied‘to the top and

10 bottom faces of the interlayer insulating film is reduced, though

the capacitance of the interlayer insulating film 12 remains
unchanged. Since the amount of charge accumulated in the top and
bottom faces of the interlayer insulating film 12 decreases in

direct proportion to the voltage applied thereto, the time

15 reqﬁired for charging or discharging between the wiring and high
‘resistor is reduced, resulting in the semiconductor device
operating at a higher speed.

The high-resistance film 53 according to the present
embodiment can be formed easily at low cost by patterning the same

20 film as composing, e.g., the high resistor film of the resistor
element and local wiring. Instead of forming the dummy gate 51,
it is possible to form films corresponding to the high resistor
film 53, the silicon oxide film 52, and the dummy gate 51 from
three films composing the upper-layer film, capacitor insulating

25 film, and lower-layer film composing the MIM capacitor formed

~ .
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anywhere on the semiconductor substrate.

It is also possible to increase the operating speed of the
semiconductor device by reducing the time required for charging
or discharging without forming either of the dummy gate 51 and

5 the high resistor film 53 as well as the silicon oxide film 52.

Although the description has been given to the case where

the high resistor film 53 composed of the polysilicon film and

the silicon oxide film 52 are stacked in layers on the isolation

e
i

T = T R R

region 7, similar effects can also be achieved in the case of using

-

10 an amorphous silicon film or a silicon nitride film instead of

the polysilicon film. In particular, the use of an insulating

film composed of a silicon oxide film allows a reduction in total

i
:

capacitance and a further increase in the operating speed of the

semiconductor device.
15 (Fifth Embodiment)
FIG. 7 is a cross-sectional view of a semiconductor device
according to a fifth embodiment.
As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning as
20 a MOSFET composed of: a gate oxide film 2; a gate electrode 4;
and source/drain regions 5. An isolation region 7 for
electrically isolating the individual elements is formed with a
plurality of trench portions 8 each filled with a silicon oxide
film as an insulating material and with dummy semiconductor

25 portions 9 provided between the individual trench portions 8 and
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not serving as active regions. On one of the trench portions 8

formed in the isolation region 7, there is provided a polysilicon
wire 10 formed simultaneously with the gate electrode 4.

In the present embodiment, the gate electrode 4 consists

5 of alower-layer portion 4amade of a first conductor film composed

of a polysilicon film or the like and an upper-layer portion 4b

made of a second conductor film composed of a tungsten film or

the like. 1In the isolation region 7, there is provided a dummy

gate 51 consisting of a lower-layer portion 5la composed of the

10 same first conductor film as composing the lower-layer portion

4a of the gate electrode 4 and an upper-layer portion 51b éomposed

of the same second conductor film composing the upper-layer

portion 4b of the gate electrode 4. The lower-layer portion 5la

of the dummy gate 51 has a top surface at the same level as the

i 15 top face of each of the trench portions 8, so that planarization
is achieved between the lower-layer portion 5la and the trench
portions 8. Thepolysiliconwire 10 is composedonly of.the second
conductor film composing the upper-layer portion 4b of the gate
electrode 4. The dummy gate 51 has been formed at a given distance

20 from each of the gate electrode 4 and polysilicon wire 10 so as
to improve pattern accuracy in a photolithographic process in
accordance with a line—and—space relationship. There are also
provided an interlayer insulating film 12 composed of a silicon
oxide film deposited over the entire surface of the substrate and

25 a metal wire 13 formed on the interlayer insulating film 12.

44
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In accordance with a process of manufacturing the
semiconductor device according to the present embodiment, the
structure of the semiconductor device as shown in FIG. 7 can be
implemented by the following procedure, though the drawing

5 thereof is omitted here.

First, the gate insulating film and the first conductor film
composed of a polysilicon film or the like are deposited on the
semiconductor substrate, which are partially opened to form
trenches. Thereafter, an insulating film is deposited on the

10 substrate to fill in the trenches for planarization, thereby

forming trench portions. Subsequently, the second conductor

film of tungsten or the like is deposited on the planarized
substrate and patterned to form the gate electrode 4, the dummy

gate 51, and the polysiliconwires 10. After that, the interlayer

12 15 insulating film 12 and'the metal wire 13 can be formed by a
well-known method.

In the present embodiment also, the operating speed can be
increased by reducing the amount of charge accumulated in the top
and bottom faces of the interlayer insulating film, similarly to

20 the fourth embodiment. 1In the semiconductor device having such
a structure as used in the present embodiment, the upper-layer
portion 4b of the gate electrode 4 is typically composed of a low
resistor film composed of silicide or the like. However, since
the wiring—to—substrate‘voltage is also applied in series to the

25 upper-layer and lower-layer portions 4b and 4a, the amount of
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charge is effectively reduced by a voltage drop and the operating
speed of the semiconductor device is increased remarkably.
Although the present embodiment has not used such a high
resistor film as used in the fourth embodiment, it will be
5 appreciated that a high resistor film may be provided over the
dummy gate with an insulating film interposed therebetween.
(Sixth Embodiment)
FIG. 8 is a cross-sectional view of a semiconductor device
according to a sixth embodiment.

=

10 As shown in the drawing, an active region 6 of a P-type

silicon substrate 1 is provided with an element functioning as
a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made
of a polysilicon film; and source/drain regions 5. An isolation

region 7 for electrically isolating the individual elements is

15 .formed with a plurality of trench portions 8 each filled with a
silicon oxide film as an insulating material and with dummy
semiconductor portions 9 providéd'between the individual trench
portions 8 and not serving as active regions. On one of the trench
portions 8 formed in the isolation region 7, there is provided

20 - a polysilicon wire 10 formed simultaneously with the gate
insulating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon oxide
fihndepositedoverthéentiresurfaceofthesubstrateandeametal
wire 13 formed on the interlayer insulating film 12.

25 In the isolation region 7, inter-trench insulating films

- .
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61 each composed of a silicon oxide film and surrounded by the

trench portions 8 are formed to overlie the dummy semiconductor

portions 9 and underlie the interlayer insulating film 12. The

top faces of the inter-trench insulating films 61 are at the same

5 level as the top faces of thé buried trench portions 8, while the

bottom faces thereof are at a level between the top and bottom
faces of the buried trench portions 8.

A description will be given next to a method of

manufacturing a semiconductor device according to the present

10 embodiment . FIGS. 9(a) to 9{(i) are cross—-sectional views

showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the manufacturing

process therefor.

In the step shown.in FIG. 9(a), a thin silicon oxide film

15 21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 9(b)) a plurality of trenches 14

each having a given width are formed in the silicon substrate 1.

The trenches 14 include: trenches 14a formed to surround the

20 active region 6 to be formed with the element; trenches 14b formed

in the isolation region 7 separated from the active region 6 by

the trenches 1l4a to eliminate pattern dependence from planarity

obtained at the completion of the manufacturing process; and

trenches l4c for forming.-the polysilicon wires. In the isolation

25 region 7 also, the semiconductor portions 9 have been provided

~ .
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to form at least one projecting portion surrounded by the trenches

14. The semiconductor portions 9 may be considered as dummy

active regions which do not function as active regions. The

trenches include one formed in a position immediately under the

5 polysilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 9(c), a silicon oxide film 23 is

deposited over the entire surface of the substrate to fill in the
trenches 14.

In thve step shown in FIG. 9(d), the siiicczn oxide film 23

10 is polished by a CMP method. Subsequently, the silicon nitride

film 22 and the silicon oxide film 21 are removed selectively to
form the plurality of buried trench portions 8 each filled with
the silicon oxide film and having a planarized surface. The

buried trench portions 8 include: buried trench portions 8a

15 functioning as isolation; buried trench portions 8b forming the
dummy semiconductor portions 9; and buried trench portions 8c for
providing insulation between the .polysilicon wires and the
silicon substrate.

In the step shown in FIG. 9(e), the semiconductor portions

20 of the isolation region 7 ére subjected to dry etching for forming
trenches 62.

In the step shown in FIG. 9(f), asilicon oxide filmis filled
in each of the trenches 62 to form the inter-trench insulating

film 61.

25 In the step shown in FIG. 9(g), there are formed the gate

~ .

48

A

s

INTEL - 1104
Page 89 of 231




oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire 10 by using a known
technique. The gate electrode 4 and the polysilicon wire 10 can
be formed simultaneously by using a common semiconductor mask.
5 In the step shown in FIG. 9 (h}, arserllic ions 25 are implanted
from above to form the NMOSFET having the source/drain regions
5 in the active region 6. Although the arsenic iohs 25 are also
implanted into the isolation region 25 during the process, no
trouble occurs. In the case of using a resist mask covering a
10 region to be formed with a PMOSFET, however, the isolation region

7 may be covered with the resist mask.

In the step shown in FIG. 9(i), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed by

the metal wire 13 forméd thereon.

15 In the semiconductor device according to the present
embodiment, the inter-trench insulating films 61 each composed
of the silicon oxide film are formed over the dummy semiconductor
portions 9 of the isolation region 7 and under the interlayer
insulating film 12 to be surrounded by the buried trench portions

20 8. The top faces of the inter-trench insulating films 61 are at
the same level as the top faces of the buried trench portions 8,
while the bottom faces thereof are at a level between the top and
bottom faces of the buried trench portions 8.

Thus, in the semiconductor device according to the present

25 embodiment, the inter-trench insulating films 61 are formed by
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filling the silicon oxide films in the respective dummy
semiconductor portions 9 that have been lowered in level, so that
the distance between the wiring and the substrate is longer than
in the conventional semiéonductor'device shown in FIG. 19. Since
5 the wiring-to-substrate capacitance decreases in inverse
proportion to the distance, the wiring-to-substrate capacitance
is smaller in the semiconductor device according to the~présent
embodiment than in the conventional semiconductor device,
resulting in a higher operating speed. .

10 " Although the present embodiment has described the case

where the silicon oxide film is buried in each of the semiconductor

portions, similar effects can also be achieved if an insulating
film composed of a silicon nitride film is used.

Although the semiconductor portions 9 have been lowered in

i 15 level and filled with the silicon oxide films prior to the
formation of the gate electrode, the method of manufacturing a
semiconductor device according to the present invention is not
limited to such an embodiment. The same effects as achieved in
the present embodiment can also be achieved if the steps of

20 lowering the semiconductor portions 9 in level and filling the
silicon oxide films therein are performed after the formation of
the gate électrode or prior to the formation of trench isolation.
(Seventh Embodiment)

FIG. 10 is a cross—-sectional view of a semiconductor device

25 according to a seventh embodiment.
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As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning as
a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made
of a polysilicon film; and source/drain regions 5. An isolation
5 region 7 for electrically isolating the individual elements is
formed with a plurality of trench portions 8 each filled with a
silicon oxide film as an insulating material and with.dumﬁy
semiconductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the trench
10 poftions 8 formed in the isolation region 7, there is provided
a polysilicon wire 10 formed simultaneocusly with the gate
insulating film 2 and the gate electrode 4; There ére further
provided an interlayer insulating film 12 made of a silicon oxide

film deposited over the entire suiface of the substrate and a

f# 15 metal wire 13 formed on the interlayer insulating film 12.

In upper portions of the dummy semiconductor portions 9 of
the isolation region 7, oxygen atoms have been introduced by ion
implantation or the like to form high reéistor portions 71 each
composed of a high-resistance silicon layer. Although the

20 bottom faces of thehigh resistorportions 71 are at a level between
the top and bottom faces of the trench portions 8, they may be
positionéd at a level lower than the bottom faces of the trench
portions 8.

A description will be given next to a method of

25 manufacturing a semiconductor device according to the present

-~ .
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embodiment. FIGS. 1l(a) to 1l1(h) are cross—sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the manufacturing
process therefor.

5 In the step shown in FIG. 11(a), a thin silicon oxide film
21 having a thickﬁess of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 11(b), a plurality of trenches

14 each having a given width are formed in the silicon substrate

10 1. The trenches 14 include: trenches l4a formed to surround the
active region 6 to be formed with the element; trenches 14b formed
in fhe isolation region 7 separated from the active region 6 by
the trenches 1l4a to eliminate pattern dependence from planarity

obtained at the completion of the manufacturing process; and

15 trenches l4c for forming the polysilicon wires. 1In the isolation
region 7 also, the semiconductor portions 9 havé been provided
to form at least one projecting portién surrounded by the trenches
14. The semiconductor portions 9 may be considered as dummy
active regions which do not function as active regions. The

20 trenches include one formed in a pésition immediately under the
polysilicon wire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 1ll(c), a silicon oxide film 23
is deposited over the entire surface of the substrate to fill in
the trenches 14.

25 In the step shown in FIG. 11(d), the silicon oxide film 23

-~ .

52 .

INTEL - 1104
Page 93 of 231




o

is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively to
form the plurality of buried trench portions 8 each filled with
the silicon oxide film and having a planarized surface. The
5 buried trench portions 8 include: buried trench portions 8a
functioning as isolation; buried trench portions 8b forming the
dummy semiconductor portions 9; and buried trench portions 8c for

providing insulation between the polysilicon wire and the silicon

substrate.

£

10 ‘ In the step shown in FIG. 11l (e), a resist mask 73 covering

the active region 6 is formed and oxygen ions 72 are implanted
. only into the isolation region 7 to form the high resistor portions

71 in the outermost surface of the silicon substrate, in which

the oxygen ions have been introduced as an impurity in the

15 semiconductor portions 9 of the isolation region 7.

In the step shown in FIG. 11(f), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire 10 by using a known
technique. The gate electrode 4 and the polysilicon wire 10 can

20 Dbe formed simultaneously by using a common semiconductor mask.

In the step shown in FIG. 11(g), arsenic ions are implanted
from above the substrate to lform the NMOSFET having the
source/drain regions 5 in the active region 6. Although the
arsenic ions 25 are also implanted into the isolation region 7

25 during the process, no trouble occurs. In the case of using a
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resist mask covering a region tobe formed with a PMOSFET, however,
the isolation region 7 may be covered with the resist mask.

In the step shown in FIG. 11(h), a Silicon oxide film is
formed as the interlayer insulatiﬁg film12, followed by the metal-

5 wire 13 formed thereon.

The semiconductor device according to the present
embodiment is characterized in that the oxygen atoms have been
introduced into the upper portions of the semiconductor portions

9 of the isolation region 7 by ion implantation or the like to

=z

10 form the high resistor portions 71 each composed cf a high-
resistance silicon layer. Although the bottom faces of the high
resistor portions 71 are at a level between the top and bottom
faces of the buried trench portions 8, they may be positioned at

a level lower than the bottom faces of the buried trench portions

15 8.

Since the high resistor portions 71 each composed of a
high-resistance silicon layer have been formed in the dummy
semiconductor portions 9 of the silicon substrate, a voltage drop
occurs in the high resistor portions 71 of the silicon substrate

20 when a voltage is placed between the wiring and the substrate.
Consequently, a potential difference between the wiring and
semiconductor portions 9 is reduced so that the amount of charge
is reduc‘ed in direct proportion to the placed voltage, though the
capacitance of the interlayer insulating film 12 between the

25 wiring and the semiconductor portions 9 is equal to that of the
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interlayer insulating film 12 in the conventional semiconductor
device shown in FIG. 19. Accordingly, the time required for
charging or discharging is reduced and the operating speed of the
semiconductor device is increased.

5 Although the present embodiment has described the case
where oxygen atoms are introduced as an impurity into the dummy
semiconductor portions 9, similar effects can be achieved if
nitrogen atoms are introduced.

Although the high resistor portions are formed prior to the

10 formation of the gate electrode in the present embodiment, they

may be formed at any stage of the process of manufacturing the

semiconductor device provided that oxygen atoms can be introduced

i

into the semiconductor portions.

(Eighth Embodiment)

= 15 FIG. 12 is a cross—-sectional view of a semiconductor device
according to an eighth embodiment.

As shown in the drawing, a first active region 6 of a P-type

'silicon substrate 1 is provided with an element functioning as

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made

20 of a polysilicon film; sidewalls 3 formed on the side faces of

the gate electrode 4 and composed of silicon oxide films; and

source/drain regions 5. An isolation region 7 fbr electrically

isolating the individual elements is formed with a plurality of

trench portions 8 each filled with é silicon oxide film as an

25 insulating material and with dummy semiconductor portions 9

~ .
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provided between the individual trench portions 8 and not serving
as active regions. On one of the trench portions 8 formed in the
isoiation region 7, there is provided a polysilicon wire 10 formed
simultaneously with the gate insulating film 2 and the gate
5 electrode 4. There are further provided an interlayer insulating
film 12 made of a silicon oxide film deposited over the entire
surface ‘of the substrate and a metal wire 13 formed on the

interlayer insulating film 12.

o i

Over the dummy semiconductor portions 9 and trench portions

e

10 8 of the isolation region 7, an underlying insulating film 81 made

of a silicon oxide film has been formed simultaneously with the
sidewalls on the side faces of the gate electrode 4. The

underlying insulating film 81 has been formed to cover the entire

polysilicon wire 10.

15 A description will be given next to a method of
‘manufacturing a semiconductor device according to the present
embodiment. FIGS. 13(a) to 13(i). are cross-sectional views
showing the structure of the semiconductor device having an
NMOSFET according to the present embodiment in the manufacturing

20 process therefor.

In the step shown in FIG. 13(a), a thin si;icon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P—tyﬁe silicon substrate 1.

In the step shown in FIG.'13(5), a plurality of trenches

25 14 each having a given width are formed in the silicon substrate
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1. The trenches 14 inclﬁde: trenches l4a formed to surround the
active region 6 to be formed with the element; trenches 14b formed
in the isolation region 7 separated from the active region 6 by
the trenches l4a to eliminate pattern dependence from planarity
5 obtained at the completion of the manufacturing process; and
trenches l4c for forming the polysilicon wires. In the isoclation
region 7 also, the semiconductor portions 9 have been provided
to form at least one projecting portion surrounded by the trenches
14. The semiconductor portions 9 may be considered as dummy

10 active regions which do not function as active regions. The

trenches include one formed in a position immediately under the
polysilicon wire 10, which is to be formed in the subsequent step.
In the step shown in FIG. 13(c), a silicon oxide film 23

is deposited over the entire surface of the substrate to fill in

15 the trenches 14.

In the step shown in FIG. 13(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively to
form the plurality of buried trench portions 8 each filled with

20 the silicon oxide film and having a planarized surface. The
buried trench portions 8 include: buried trench portions Ba
functioning as isolation; buried trench portions 8b forming dummy
semiconductor portions 9; and buried trench portions 8c for

providing insulation between the polysiliconwire and the silicon

25 substrate.
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In the step shown in FIG. 13(e), there are formed the gate
oxide film 2, the gate electrode 4 made of polysilicon, and the
polysilicon wire 10 by using a known technique. The gate
electrode 4 can be formed simultaneously with the polysiliconwire

_5 10 by using a common semiconductor mask.

In the step shown in FIG. 13(f), a silicon oxide film 82

is deposited over the entire surface of the substfate, followed

by a resist mask 84 formed thereon to cover the isolation region

e e i

7.

3

10 ' In the step shown in FIG. 13(g), a silicon oxide film 82

=
=

is removed selectively by anisotropicdry etching using the resist

mask 84 to form an underlying insulating £ilm 81 over the isolation
region 7, while the sidewalls are formed on the side faces of the

gate electrode 4. The polysilicon wire 10 is completely covered

15 with the underlying ins.ulating film 81.

In the step shown in FIG. 13(h), arsenic ions 25 are
implanted from above to form the NMOSFET having the source/drain
regions 5 in the active region 6. Although the arsenic ions are
also implanted into the isolation region 7 during the process,

20 no trouble occurs. However, in the case of using a resist mask
covering a region to be formed with a PMOSFET, the isolation region

7 may be covered with the resist mask.
- In the step shown in FIG. 13(i), a silicon oxide film is
deposited to form the interlayer insulating film 12, followed by

25 a metal wire 13 formed thereon.
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The semiconductor device according to the present
embodiment is characterized in that the underlying insulating
film 81 composed of the silicon oxide film 1is formed
simultaneously with the sidewalls on the side faces of the gate
electrode 4 to extend over the dummy semiconductor portions 9 and
buried trench portions 8 of the isolation region 7. The resulting
underlying insulating film 81 covers the entire polysilicon wire
10.

Thus, in the semiconductor device accordiqg‘to the present
embodiment, the underl?ing insulating film 81 composed of the
silicon oxide film is present over the isolation region 7, so that
the distance between the wiring and the substrate is longer than
in the conventional semiconductor device shown in FIG. 19. Since
the wiring-to-substrate capacitance decreases in inverse
proportion to the distaﬁce, the wiring-to-substrate capacitance
is reduced in the semiconductor device according to the present
embodiment, resulting in a higher operating speed.

Although the present embodiment has described the case
where the underlying insulating film 81 is composed of the silicon
oxide film, similar effects can also be achieved if an insulating
film composed of a silicon nitride film is used.

Although the present embodiment has described the case
where the underlying insulating film is composed of a single-
layér film, the underlying inéulating film may be composed of a

multi-layer film. For example, in the case where the sidewalls

- .
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consist of L-shaped portions extending over the side faces of the
gate electrode and the substrate and of upper wedge-shaped
portions or, alternatively, the sidewalls are provided along with
an on—-gate protective film, the underlying insulating film should
5 Dbe composed of a multi-layer film. It will be appreciated that,

in that case also, the same effects as achieved in the present

embodiment are achieved.

(Ninth Embodiment)

FIG. 14(a) is a cross—sectional view of a semiconductor

10 device according to a ninth embodiment.

As shown in the drawing, an active region 6 of a P-type
silicon substrate 1 is provided with an element functioning as

a MOSFET composed of: a gate oxide film 2; a gate electrode 4 made

of a polysilicon film; and source/drain regions 5. An isolation

15 region 7 for electricaliy isolating the individual elements is
- formed with a plurality of trench portions 8 each filled with a
silicon oxide film as an insulating material and with dummy
semiconductor portions 9 provided between the individual trench
portions 8 and not serving as active regions. On one of the trench

20 portions 8 formed in the isolation region 7, there is provided
a polysilicon wire 10 formed simultaneously with the gate
insulating film 2 and the gate electrode 4. There are further
provided an interlayer insulating film 12 made of a silicon oxide
film deposited over the entire surface of the substrate and a metal

25 wire 13 formed on the interlayer insulating film 12.
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Under the dummy semiconductor portions 9 and the trench
portions 8, a buried insulating £ilm 91 composed of a silicon oxide
film is formed in contact with the bottom faces of the trench
portions 8. As a result, the side faces of the semiconductor

5 portions 9 are in contact with the trench portions 8, while the
bottom faces thereof are in contact with the buried insulating
film 91.

FIG. 14(b) is a cross-sectional view for illustrating the

Wiring—to—substrate capacitance of the semiqonductor device

10 according to the present embodiment. In the semiconductor device

according to the present embodiment, since the buried insulating
""" film 91 composed of the silicon oxide film is formed in the silicon
substrate, the capacitance Cij becomes a half of the capacitance

Cjl shown in FIG. 1(b) or less (T. Nishimura and Y. Inoue:

15 Proceedings of VLSI TECHNOLOGY WORKSHOP ON "WHAT IS THE FUTURE
"OF SOI?" (1995) p.123).

Therefore, the total wiring-to-substrate capacitance Cijt
of the semiconductor device is represented by the following
equation (11):

20 Cijt = {(Cal x Cij)/(Cal + Cij)} + ZcCa2 ... (11),
which is smaller than the total capacitance Cjt represented by
the equation (3). Accordingly, the following inequality (12) is
satisfied:

cijt < cjt c.. (12).

25 Hence,
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Cijt < Cat
is derived from the relationship represented by the equation (4),
so that the wiring-to-substrate capacitance of the semiconductor
device according to the present embodiment‘ 1s reduced, resulting
5 in the semiconductor device operating at a higher speed.
FIGS. 15(a) to 15(h) are cross-sectional views of the
structure of the semiconductor deviée having the NMOSFET

according to the present embodiment in the manufacturing process

=
"i':':

therefor.

-

10 ‘ In the step shown in FIG. 15(a), a thin silicon oxide film
21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the P-type silicon substrate 1.

In the step shown in FIG. 15(b), a plurality of trenches

14 each having a given width are formed in the silicon substrate

15 1. The trenches 14 inclﬁde: trenches 14a formed to surround the
“active region 6 to be formed with the element; trenches 14b formed
in the isolation region 7 separated from the active region 6 by
the trenches 14a to eliminate pattern dependence from planarity
obtained at the completion of the manufacturing process; and
20 trenches l4c for forming the polysilicon wires. In the isolation
region 7 also, the semiconductor portions 9 have been provided
to form at least one projec.ting.po‘rtion surrounded by the trenches
14. The semiconductor portions 9 may be considered as dummy
active regions which_do not function as active regions. The

25 trenches include one formed in a position immediately under the
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polysiliconwire 10, which is to be formed in the subsequent step.

In the step shown in FIG. 15(c), a silicon oxide film 23
is deposited over the entire surface of the substrate to £ill in
the trenches 14.

5 In the step shown in FIG. 15(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively to
form the plurality of buried trench portions 8 each filled with
the silicon oxide film and having a planarized.surface. The

10 buried trench portions 8 include: buried trench portions 8a

functioning as isolation; buried trench portions 8b forming dummy

semiconductor portions 9; and buried trench portions 8c for

providing insulation between the polysilicon wire and the silicon

substrate.

15 In the step shown in FIG. 15(e), a resist mask 92 covering
- the active region 6 is formed and oxygen ions 93 are implanted
only into the isolation region 7 so that the buried insulating
film 91 into which the oxygen atoms have been introduced as an
impurity is formed. The buried insulating film 91 provides

20 insulation between the silicon substrate 1 and the semiconductor
portions 9 in the isolation region 7. In this case, the buried
insulating film 91 is connected tb the respective side faces of
each of the individual trench portions 8a to 8c and energy for
implanting the oxygen ions is set such that the semiconductor

25 portions 9 are in the floating state.
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In the step shown in FIG. 15(f), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire 10 by using a known
technique. The gate electrode 4 may be formed simultaneouslywith

5 the polysilicon wire 10 by using a common semiconductor mask.

In the step shown in FIG. 15(g), a resist mask 95 is formed
to cover. the isolation region 7 and arsenic ions 25 are implanted
into the active region 6 to form the NMOSFET having the
source/drain regions 5. In this case, no }mplantation is

10 performed with respect to the isolation region 7.

In the step shown in FIG. 15(h), a silicon oxide film is

deposited to form the interlayer insulating film 12, followed by

a metal wire 13 formed thereon.

In the semiconductor device formed by the manufacturing

i3 E
i

15 methodaccordingtx>thepfesentembodiment,theburiedinsulating
film 91 composed of the silicon oxide film is formed under the
dummy semiconductor portions 9 and the buried trench portions 8
tobe in contact with the bottom faces of the buried trench portions
8. As a result, the side faces of the semiconductor portions 9

20 are in contact with the buried trench portions 8, while the bottom
faces thereof are in contact with the insulating film 91.
Although the present embodiment has formed the buried insulating
film by implanting oxygen ions prior to the formation of the gate
electrode, the buried insulating film may be formed at any stage

25 of the method of manufacturing the semiconductor device provided
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that oxygen atoms can be introduced into the semiconductor
portions.
(Tenth Embodiment)

The present embodiment will basically describe another

5 example of the manufacturing process shown in FIG. 14 (b), which

is for achieving the effect of capacitance reduction.

FIGS. 16(5) to 16(i) are cross-sectional views of the
structure of a semiconductor device having an NMOSFET according
to a tenth embodiment in the manufacturing process therefor.

10 In the step shown in FIG. 16(a), a thin silicon oxide film

£ 21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on a P-type silicon substrate 1.
In the step shown in FIG. 16(b), a plurality of trenches

14 each having a given width are formed in the silicon substrate:

15 1. The trenches 14 include: trenches 14a formed to surround an

=
15

active region 6 to bé formed with the element; trenches 14b formed
in the isolation region 7 separated from the active region 6 by
the trenches 14a to eliminate pattern dependence from planarity
obtained at the completion of the manufacturing procesé; and
20 trenches l4c for forming the polysilicon wires. In the isolation
region 7 also, semiconductor portions 9 have been provided to form
at least one projecting portion surrounded by the trenches 14.
The trenches include one formed in a position immediately under
the polysilicon wire 10, which is to be formed in the subsequent

25 step. In the step shown in FIG. 15(c), a silicon oxide film 23
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is deposited over the entire surface of the substrate to fill in
the trenches 14.

In the step shown in FIG. 16(c), a silicon oxide film 23
is deposited over the entire surface of the substrate to fill in
the trenches 14.

In the step shown in FIG. 16(d), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicoﬁ oxide film 21 are removed selectively
except for the portions overlying the active region 6 to form a
plurality of buried trench portions 8 each filled with a silicon
oxide film and having a planarized surface. The buried trench
portions 8 include: buried trench portions 8a functioning as
isolation; buried trench portions 8b forming dummy semiconductor
portions 9; and buried trench portions 8c for providing insulation
between the polysilicoﬁ wire and the silicon substrate.

In the step shown in FIG. 16(e), the semiconductor portions
9of theisolationregion 7 are subjected to dry etching for forming
trenches 96.

In the step shown in FIG. 16(f), a silicon oxide film is

| deposited in each of the trenches 96 to form a buried insulating

film 91, followed by a silicon film deposited‘thereon to form
semiconductor portions 97 serving as dummy active regions. The
buried insulating films 91 are in contact with the buried trench
portions 8a to 8c.

In the step shown in FIG. 16(g), there are formed the gate
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oxXide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire 10 by using a known
technique. The gateelectrode 4 maybe formed simultaneously with
the polysilicon wire 10 by using a common semiconductor mask.
5 In the step shown in FIG. 16(h), a resist mask 98 is formed
to cover the isolation region 7 and arsenic ions 25 are implanted
into the active region 6.to form the NMOSFET having’source/drain
regions 5. In this case, implantation may be performed with
respect to the isolation region 7, though it is not performed

10 in the example.

= In the step shown in FIG. 16(i), a silicon oxide film is
i3 deposited to form the interlayer insulating film 12, followed by
a metal wire 13 formed thereon.

The manufacturing method according to the present

15 embodiment also enables the formation of avsemicohductor device

" having the same structure as the semiconductor device according
totheninthembodiment,resultinginsmallerwiring—to—substrate
capacitance and a higher operating speed.

Although the present embodiment has grown the silicon oxide

20 films and the silicon films in the trenches 96 prior to forming
the gate electrode, the silicon oxide films and the silicon films

may be grown at any stage of the process of manufacturing the

semiconductor device provided that they can be grown and buried

in the trenches 96.

25 (Eleventh Embodiment)

67

INTEL - 1104
Page 108 of 231




! The present embodiment will also basically describe still
another example of the manufacturing process shown in FIG. 14 (b),
which is for achieving the effect of capacitance reduction.

FIGS. 17(a) to 17(f) and FIGS. 18(a) to 18(d) are

5 cross-sectional views showing the structure of a semiconductor

device having an NMOSFET according to an eleventh embodiment in
the manufacturing process therefor.

In the step shown in FIG. 17(a), a trench 102 is formed in

a region of a P-type silicon substrate 1 in which an isolation

10 region is to be formed.

i i L

In the step shown in FIG. 17(b), a silicon oxide film is

filled in the trench 102 to form an insulating film 101 so that

ek Bl o

the entire surface of the substrate is planarized.

In the step shown in FIG. 17(c), a silicon film 103 is

15 epitaxially grown over the entire surface of the substrate.

LE 3
13e

During the step, since single-crystal silicon is grown on
single~crystal silicon in an active region 6, a semiconductor
region having an excellent crystallographic property is formed

therein, while a silicon film having an inferior crystallographic

20 property is formed on the silicon oxide film in the isolation
region 7. However, since the silicon film in the isolation region
7 does not function és an active region, the inferior
%- crystallographic property there§f will not adversely affect the
| properties of the semiconductor device.

25 In the step shown in FIG. 17(d), a thin silicon oxide film
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21 having a thickness of 10 nm and a silicon nitride film 22 are
formed sequentially on the silicon film 103.

In the step shown in FIG. 17(e), a plurality of trenches

14 each having a given width are formed in the substrate. The

5 trenches 14 include: trenches 14a formed to surround the active

region 6 to be formed with the element; trenches 14b formed in

the isolation region 7 separated from the active region by the

trenches 14a to eliminate pattern dependence from planarity

obtained at the completion of the manufacturing process; and

10 trénches l4c for forming the polysilicon wires. 1In the isolation

region 7 also, semiconductor portions 9 have been provided to form

at least one projecting portion surrounded by the trenches 14.
The semiconductor portions 9 may be considered as dummy active

regions which do not function as active regions. The trenches

15 include one formed in a position immediately under the polysilicon
wire 10, which is to be formed in the subsequent step. In forming
the trenches 14, etching is perforxﬁed till the surface of the
buried insulating film 101 is exposed in the trenches 14.

In the step shown in FIG. 17(f), a silicon oxide film 23

20 is deposited over 't‘he entire surface of the substrate to fill in
the trenches 14.

In the step shown in FIG. 18(a), the silicon oxide film 23
is polished by a CMP method. Subsequently, the silicon nitride
film 22 and the silicon oxide film 21 are removed selectively to

25 form a plurality of buried trench portions 8 each filled with a
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silicon oxide film and having a planarized surface. The buried
trench portions 8 include: buried trench portions 8a functioning
as 1isolation; buried trench portions 8b forming dummy
semiconductor portions 9; and buried trench portions 8c for

5 providing insulafion between the polysilicon wire and the silicon
substrate.

In the step shown in FIG. 18(b), there are formed the gate
oxide film 2, the gate electrode 4 having sidewalls 24 on the side
faces thereof, and the polysilicon wire 10 by using a known

i3 10 technique. The gate electrode 4 is formed simultaneously with
.%,' the polysilicon wire 10.

B In the step shown in FIG. 18(c), arsenic ions 25 are
implanted into the active region 6 to form source/drain regions
5 by using a resist mask 95 formed to cover the isolation region

15 7. The NMOSFET is formed by the foregoing process. Although

- arsenic ions 25 are not implanted in the isolation region 7 in
the example, they may be implanted alternatively.

In the step shown in FIG. 18(d), aASilicon oxide film is
deposited to form an interlayer insulating film 12, followed by

20 a metal wire 13 formed thereon.

The manufacturing method according to the present
embodiment also enables the formation of a semiconductor device
having the same structure as the semiconductor device according
to the ninth embodiment, resulting in smaller wiring-to-substrate

25 capacitance and a higher operating speed.
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20

25

Although the present embodiment has formed the trench 102
in the silicon substrate 1 and buried the silicon oxide film
therein to form aminiaturized gate electrode 4, the silicon oxide
film may be formed directly on the isolation region without
forming the trench if the semiconductor substrate inferior in
planarity does not adversely affect the patterning of the gate
during the formation of the gate electrode.

(Variations of Individual Embodiments)

Although the eighth embodiments of the present invention
have beén described, there are variations obtained by combining
the individual embodiments with each other.

| By way of example, the first embodiment used in combination
with the second to eighth embodiments achieves a further reduction
in wiring-to-substrate capacitance and a reduction in time
required for charging or discharging, so that the resulting
semiconductor device operates at a higher speed than in the case
where each of the embodiments is used singly.

Thus, according to the present invention, the individual
embodiments used in combination can achieve more remarkable
effects than in the case where each of the embodiments is used
singly.

Although each of the embodiments has used the NMOSFET as
the element to be disposed in the active‘ region 6, the present
invention is not limited to suéh embodiments. The element

includes an active element other than the MOSFET such as a bipolar

S
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transistor or diode or a passive element such as a capacitor.
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We claim:

o e et et e i

1.

semiconductor device comprising:
a semjiconductor substrate having an active region and an
isolation re ion sur'rounding said active region;
5 aplurality of trench portions each formed in said isolation

region and filled with an insulating material;

semiconductor portions interposed between said individual
trench portions \in said isolation region;
insulating film formed to extend continuously
over said activ lon and said isolation region:;
a wire formed\on said interlayer insulating film; and
at least one junction formed in said semiconductor
portions underlying said wire.

2. A semiconductor\device according toclaim 1, wherein said

PN junction includes a p.l rality of PN junctions formed in said

semiconductor portions.

3. A semiconductor device according toclaim 1, wherein said

active region is formed with an impurity diffusion region and a

PN junction is formed at a bottom face of said impurity diffusion

20 region, the PN junction of said isolation region being positioned
at a level lower than the PN junction of said active region.

4. A semiconductpr device comprising:

A

a semiconductor

» (] . \ L
isolation region sur ouyya

Sz

25 apluralityof trenedgirtions each formed in said isolation
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region and filled with an insulating material;

semicohductor portions interposed between said individual
trench portiopns in said isolation region:
an interlayer insulating film formed to extend continuously

> over said activye region and said isolation region;

a wire fokmed on said interlayer insulating film; and

a dielectfiic film interposed between at least said

&=

semiconductor ions of said isolation region and said

i
}

i
%
=
HEE)
Gon
153
s

interlayer insulating film.

10 , 5. A semiconduc{or device according toclaim 4, wherein said

dielectric film is aN underlying insulating film interposed

between said interlayen insulating film and said semiconductor

portions and trench por
Cgﬁ/ A semiconductor device according to claim% further

15 comprising a gate electrode formedon the semiconductor substrate

- within said active region and sidewalls made of an insulating
material and formed on both side faces of said géte electrode,
wherein said underlying insulating film is formed of the same film

as forming said sidewalls.

'

20 0] / A semiconductor device according to claim &, wherein said

underlying insulating film is composed of a multilayer film.

8. A semiconductor dgvice according to claim 4, wherein said

§ \% dieléctric film is formed \

25

an upper portion of each of said

semiconductor portions of t emiconductor substrate to have a

top face at approximately the ame level as a top face of each

2
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of said trench portions.

l\,é A semiconductor device according to claim}/, wherein said
dielectric film is composed of at least one of a silicon oxide
film and a silicon nitride film.

-

5(  10.a

emiconductor device comprising:
a semic§nductor substrate having an active region and an
isolation regign surrounding said active region;

aplurality of trench portions each formed in said isolation

3

region and filled with an insulating material;

10 : semiconductoy portions interposed between said individual

trench portions in §{aid isolation region;

e el

an interlayer insulating film formed to extend continuously

i

i

= over said active regiop and said isolation region;

a wire formed on §aid interlayer insulating film; and

15 a buried insulatiny

fey oy

a semiconductor substrate having an active region and an

isolation region surrounding said active region;
20 aplurality of trench portigqns each formed in said isolation

region and filled with an insulafjing material;

:/M:,“.
H
i

75 e

INTEL - 1104
Page 116 of 231




ey
/

ire formed on said interlayer insulating film; an

\ a redistor film formed between said interlayer insulating
ilm and at least said semiconductor portions of said isolation
egion.

5 12. A se onductor device according to claim 11, wherein

Said resistor film\s an underlying resistor film formed to extend

continuously over alid semiconductor portions and trench

portions. 4

i

sy
=
=

‘6;/{ A semiconductor device according to claim }2, further
10 comprising a resistor element formed on said semiconductor

substrate and having a high resistor film, wherein said underlying

i resistor film is formed of the same film as. composing the high
resistor film of said resistor element. [‘l"
\Q}Af A semiconductor device according to claim , further

15 comprising an element having an electrode member composed of a

- conductor film formed on the semiconductor substrate within said
active region, wherein said resistor film is composed of the same

material as composing said electrode member.

151-\. semiconductor device according to claim 12, further

20| comprising a FET ha ing a gate electrode composed of a first

§ conductor film formed the semiconductor portion within said

active region and a seco nductor film deposited on said first

conductor film, wherein

a top surface of the Xirst conductor film of said gate

2 electrode is at approximately the same level as a top surface of

— 76
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- semiconduct§r portions is formed of the same two films as

composing sald first and second conductor films of said gate

/

electrode, an
a region said resistor filmoverlying each of said trench
portions is comp d of the same material as composing said first

conductor film said gate electrode.

16. A semiconiductor device according to claim 11, wherein

said resistor film i% formed in an upper portion of each of said

semiconductor portions of the semiconductor substrate to have a

e 5 S e
[y
o—

top face at approximat&ly the same level as a top surface of each

4

N
‘qyf A semiconductor device according to claim }(, wherein

o

15 said resistor film is cdmposed of a silicon film containing at

1Az
i

" least one of an oxygen atom and a nitrogen atom. /5/
(lloyé A semiconductor device according to claim,l/f, wherein
said resistor film is cqmposed of at least one of a polysilicon
film and an amorphous silicon film.

T ey

20 19. A method of manufacturing semiconductor device,

comprising:

a first stepof forming, in a senyficonductor substrate having

a substrate region of a first g fvity type, a first trench

for partitioning said substrate fegion into an active region and

25 | an isolation region and a secfnd trench for partitioning said

a2t e e e S

77
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isolation region into a plurality of dummy semicénductor
portions;
a second step of filling an insulating matepyial in each of
said first-and second trenches to form a firgt buried trench
5 portion and a second buried trench portion;
a third step of forming an element g said active region;
a fourth step of introducing an impyrity containing at least
an impurity of a second conductivi¥y type into said dummy
semiconductor portions of said isolaffion region to form at least
10 one PN junction in said dummy semi/conductor portions;

a fifth step of forming an ipterlayer insulating film over

an entire surface of the substryate; and

a sixth step of forming a wire on said interlayer insulating

film.

15 20. A method of ma ﬁfacturing a semiconductor device
-according to claim 19, whefein said third and fourth steps include
forming a gate electrod~'of a FET as said element on said active
region, introducing the impurity of the second conductivity type
into said active region and said dummy semiconductor portions,
20 and thereby formivg source/drain regions of said FET, while

forming said af ¥ one PN junction in said dumny semiconductor

portions.

21. A hethod of manufacturing a semiconductor device
according t$4 claim 19, wherein

25 saio third step includes forming a gate electrode of a FET

78
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15

20

25

as said element on said active regionbyusinga first mask coffering

said isolation region and introducing the impurity of tife second

conductivity type into said active region to form sqglirce/drain

regions of said FET and

said fourth step includes introducing the impurity

containing at least the impurity of the second nductivity type
into said dummy semiconductor portions by u5Sing a second mask
covering said active region to form said at, {east one PN junction

in said dummy semiconductor portions.

22. A method of manufacturing semiconductor device,

comprising:

a first step of forming, in a semiconductor substrate having

a second step of

said first and secon

an entire ASurface of the substrate; and .

4

ixth step of forming a wire on said interlayer insulating

79




film.

23. A method of manufacturing a semicondyftor device
according to claim 22, wherein said fourth step inclfides composing
sald resistor filmof a filmcontaining at least ore of polysilicon

5 and amorphous silicon.

24. A method of manufacturing a sefmiconductor device
according to claim 22, wherein said fourth stfep includes composing
salid resistor film of amultilayer film copstituted by two or more

conductor films with at least an insfilating film interposed

‘10 therebetween.

T

25. A method of manufacturifig a semiconductor device

e according to claim 22, wherein/ said fourth step includes
introducing an impurity at a cocentration of 1 x 10 atoms -
_3'

cm™”’ or lower into said resistor f£ilm.

15 26. A method of manufdcturing a semiconductor device,

comprising:

a first step of forming, in a semiconductor substrate having

a substrate region, a first/trench for partitioning said substrate

20
said first and secfﬂmd trenches to form a first buried trench
portion and a secbnd buried trench portion;

25 a third stép of forming an element on said active region;

80
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a fourth step of implanting ions into an upper portidn of

each of said dummy semiconductor portions to form a high pesistor

portion therein;
a fifth step of forming an interlayer insula{ing film over

5 an entire surface of the substrate; and

film.

10 implanting ions containing at least//an atom having an oxidizing

function to form said high res
28. A method- of uring a semiconductor device

fein said fourth step includes

15 igh~sesistor portion.

20 region into an/

25 portioh and a second buried trench portion;

81
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a third step of forming an element on said active fegion:
a fourth step of forming an underlying insulating £ilm over

said dummy semiconductor portions of said isolatiof region:;

a fifth step of forming an interlayer insulafing film over

5 an entire surface of the substrate; and

a sixth step of forming a wire on said intérlayer insulating

film.

10 step include forming a gate electrode p6f a FET forming said element

15 electrode, while leavinsaid underlying insulating film over

said dummy semiconduct;

2b, wherein said fourth step includes forming
said underlying vnsu ating film of a dielectric film containing

20 at least siligon oxide.

25 33. A method of manufacturing a semiconductor device,
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comprising:

afirst step of forming, in a semiconductor substra

a substrate region, a first trench for partitioning said/substrate

region into an active region and an isolation region And a second

5 trench for partitioning said isolation region into a plurality

" of dummy semiconductor portions; /
. /£

a second step of filling an insulating Ip‘étterial in each of
said first and second trenches to form a/f'irst buried trench
_ /

portion and a second buried trench portion;

4

10 ' a third step of forming an element on said active region;
. H

a fourth step of forming depressf,éyd portions by etching said

dummy semiconductor portions and f'?ffling an insulating material

in said depressed portions to forxg«""ﬁinter—trench insulating films

_ ‘ J
each having a top face at the sg;i'he level as respective top faces
ﬁ/ .

fed trench portions:

Z 15 of said first and second bur;
a fifth step of formixg an Interlayer insulating film over

an entire surface of ej/substrate; and

a sixth step of floy

4

of manufacturing a semiconductor device

¥ngla wire on said interlayer insulating

film.

20 34, A metho

according to clai 33, wherein said fourth step includes forming

each of said infer-trench insulating films of a dielectric film
containing at/ least silicon oxide.

35. method of manufacturing a semiconductor device

25 according/to claim 33, wherein said fourth step includes forming
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each of said inter-trench insulating films of a dielectri€ film

containing at least silicon nitride.

#

36. A method of manufacturing a semiconduc’t;‘; r device,
comprising: /
5 a first step of forming, in a semiconductor sx}gﬁstrate having

A
a substrate region, a first trench for partitioni}{g said substrate
region into an active region and an isolation/fegion and a second

trench for partitioning said isolation re fon into a plurality

of dummy semiconductor portions;

10 a second step of filling an insul.f"ting material in each of

said first and second trenches to frm a first buried trench

portion and a second buried trencly portion;

a third step of forming an]g,”‘:lement on said active region;

4
&

3 15 dummy semiconductor porti S/{O form)a buried insulating film in
an inner portion th ///
5/‘")

an entire surface of the substrate; and
y4

y
a sixth step of/forming a wire on said interlayer insulating

20 film. /

y
37. A meth}ﬂd of manufacturing a semiconductor device,
Vi

ra

7

comprising: /
a firjf/step of forming, in a semiconductor substrate
having a suhétrate region, a first trench for partitioning said

25 substrate Z'egion into an active region and an isolation region
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and a second trench for partitioning said isolation region into
a plurality of dummy semiconductor portions;

a second step of filling an insulating materia) in each of
said first and second trenches to form a first Puried trench

5 portion and a second buried trench portion; //

a third step of forming third trenchef§ by etching said

/

semiconductor portions and filling an insulating material in said

third trenches to form buried insulating £ilms each having a top

face at a level lower than respective tg faces of said first and

i 10 second buried trench portions;

:: ' a fourth step of growing semicgnductor films on said buried

7 insulating films, with said actlyé region covered with a mask
member, to form dummy semlcondgﬂior portions;

a fifth step of forming aé element on said-active region;
f

fé 15 a sixth step of formingyén interlayer insulating’filnlover

an entire surface of the sybstrate; and

a seventh step of /forming a wire on said interlayer

ff

insulating film.
38. A method of

20 comprising:

il

a first step of

a substrate regi%‘, axiirst trench extending over an entire ) /
/ .

isolationregio?bfsaidsubstrateregion,whileleavinganactive /.

region of said/substrate region;

25 a seco,d step of filling an insulating material in said

85
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first trench to form a buried insulating film haviyg a.top face

at the same level as a top face of said isolatdon region;
a third step of growing a semiconductgh® film over said
active region and said buried insulating Ailm;
5 a fourth step of forming, in the sgmiconductor substrate,
a second trench for partitioning said miconductor film and said
substrate region into the active re#ion and the isolation region
and a third trench for par'f£ioning the portion of the

semiconductor film overlying said isolation region into a

10 plurality of dummy semiconductor portions;

a fifth step of fi/”ing an insulating material in each of

said second and third’frenches to form a first buried trench
= portion and a second bdried trench portion;

a sixth stegP/of forming an element on the portion of said

15 semiconductor . overlying said active region;

ep of forming an interlayer insulating filmover
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6477

The top surface of a P-type semiconductor substrate is

ABSTRACT OF THE DISCLOSURE

partitioned into an active region to be formed with an element
and an isolation region surrounding the active region. The
5 isolation region is composed of trench portions and dummy
semiconductor portions. An interlayer insulating film is
deposited on the substrate, followed by a wire formed theréon.

In each of the semiconductor portions, an impurity diffusion layer:

is formed simultaneously with the implantation of ions into the
element so that a PN junction is formed between the impurity
diffusion layer and the silicon substrate. A capacitance
component of the wiring-to-substrate capacitapce in the region
containing the semiconductor portions is obtained by adding in

series the capacitance in the impurity diffusion layer to the

15 capacitance in the interlayer insulating film, which is smaller

0

than the capacitance only in the interlayer insulating film. What
results is a semiconductor device having lower total wiring-

to-substrate capacitance and a higher operating speed.
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(e
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I hereby state that I have reviewed and understand the contents of the above identified
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i
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this application in accordance with Title 37, Code of Federal Regulations, § 1.56(a).

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any
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application(s) listed below and, insofar as the subject matter of each of the claims of this
application is not disclosed in the prior United States application in the manner provided by the
first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose material
information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred
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(Appln. Serial No.) (Filing Date) (Status-patented, pending, abandoned)
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Fogarty (Reg. No. 36,139); Brian E. Ferguson (Reg. No. 36,801); Robert W. Zelnick (Reg. No.
36,976); and Wilhlem F. Gadiano (Reg. No. 37,136).
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Kenneth L. Cage, Esquire

McDERMOTT, WILL & EMERY PAYOR NO.
1850 K STREET, N.W., SUITE 500 020277
WASHINGTON, D.C. 20006

(202) 778-8300

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow
instructions from ___Maeda Patent Office as to any action to be taken in the Patent and
Trademark Office regarding this application without direct communication between the U.S.
attorney and the undersigned. In the event of a change in the persons from whom instructions
may be taken, the U.S. attorneys named herein will be so notified by the undersigned.

I hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.
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ATTORNEY DOCKET NO. 43889/898

PATENT APPLIC ﬁ2/ >

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

4 Ew % ?
4 on =0\
In re Application of: ) ' ﬁ ney gﬂ
) %7 -2 &Y
Makoto KATO et al. ) e
) Group Art Unit: Not Yet Assigned 8% &
Divisional Applin. Of: ) .
Serial No.: 08/978,137, filed 11/25/97 )
) Examiner: Not Yet Assigned
Serial No.: TO BE ASSIGNED )
)
Filed: December 22, 1999 )
)
For: METHOD OF MANUFACTURING
TRENCH-ISOLATED SEMICONDUCTOR DEVICE
INFORMATION DISCLOSURE STATEMENT
Honorable Assistant Commissioner
for Patents
Washington, D.C. 20231
Sir:
In accordance with the duty of disclosure under 37 C.F.R. §§ 1.56 and 1.98,
Applicants wish to bring to the attention of the U.S. Patent and Trademark Office the
references listed on the enclosed Form PTO-1449, which were previously cited by both
Applicants and the Examiner in parent application Serial No. 08/978,137, filed on
November 25, 1997. Therefore, in accordance with 37 C.F.R. § 1.98(d), no copies of
the previously submitted information is provided.
WDC99 195075-1.043889.0898
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The Commissioner is hereby authorized to charge any additional fees associated

with this communication or credit any overpayment to Deposit Account No. 13-0203. A

duplicate copy of this communication is enclosed for accounting purposes.

Respectfully submitted,

McDERMOTT, WILL & EMERY

Date: _December 22, 1999 By: @ t/
Michael y
Registra No. 36,139

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000
Facsimile; 202-756-8087

WDC99 195075-1.043889.0898

WDC99 195075-1.043889.0898
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PATENT APPLICATION
ATTORNEY DOCKET NO. 43889/898

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ¢5 al' ’/‘)

Honorable Commissioner of Patents

and Trademarks '8 =
' —
Washington, D.C. 20231 R =
2 =0
Prior Application Art Unit: 2822 WGh =3
; Dm E=—{1 2
. - o
Examiner: K. Duong T EBE=N
Ba—al—N0
. 0D =1
Sir: [ 5} ——]
L] —
This is a request for filing a Continuation _X Divisional
application under 37 C.F.R. §1.53(b) of pending prior appllcatlon Serial No.
08/978,137 filed November 25, 1997 of _Takaaki UKEDA, Chiaki KUDO and
Toshiki YABU for _SEMICONDUCTQR DEVICE AND METHOD QOF MANUFACTURING THE SAME
1. X Enclosed is a copy of the prior application including the ocath or
declaration and drawings, if any, as originally filed. I hereby
verify that the attached papers are a true copy of prior
application Serial No. _08/978,137 , as originally filed on
November 25, 1997.
2. . A verified statement claiming small entity stagus __ is enclosed
or is on file in the prior application a such status is
still proper and desired (37 C.F.R. §1.28({ ‘i>,»~7fb“”\>
3. X Cancel in this application original claipis’ 19/€g/of the’ prior ////
application before calculating the filipilg fee. At leadgt one
original independent claim is retained [for flllng‘pufposes
/P‘
4. _ A Preliminary Amendment is enclosed. The‘c}aims have been
numbered consecutively beginning with the number following the
highest numbered original claim in the prior application.
5. X The filing fee is calculated below:
CLATMS AS FILED LESS ANY CLAIMS CANCELLED IN PARAGRAPH 2
For : Number Filed : Number Extra: Rate : Basic Fee $760.00
Total : : : : :
Claims : 18- 20 = 20 : X 5 18.00 = 0.00
Independent : :
Claims : 4- 3 = 1 : X $ 78.00 = 78.00
Multiple Dependent Clalms (1f applicable) : $260.00 = 0.00
Total = 838.00
Reduction by ¥ for :
filing by small entity : - 0.00
TOTAL FILING FEE : S 838.00
.
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Please charge Deposit Account No. 13-0203 in the amount of _$
838.00 to cover the filing fee.

The Commissioner is hereby authorized to charge any fees due under
37 C.F.R. 81.16 and any other fees due under 37 C.F.R. §1.17
during the pendency of this application which may be required, or
credit any overpayment to, Deposit Account No. 13-0203. A
duplicate of this Divisional Application Transmittal Letter is
enclosed for accounting purposes.

Amend the specification by inserting before the first line, the

following.:

--This is a divisional application of Serial No. 08/978,137,
November 25, 19971-3“$v U .S @At eans ﬁ% fqﬁ’;q

10. X

11. X

12. X

13. X

14.

15. X

16.

17. X

e T

Ao A1 1 Nt
[

AN

Transfer the drawings from the prior application to this
application and abandon the prior application as of the filing
date accorded this application. An additional copy of this sheet
is enclosed for filing in the prior application file.

New formal drawings are enclosed or _X will be submitted at a
later date.

The prior application is assigned of record to _Matsushita
Electric Industrial Co., Ltd.

Priority of Application Serial No. 8-314762, filed on November 26,
1996 and Serial No. 9-023844, filed on February 6, 1997, both in
Japan are claimed under 35 U.S.C. §119. Certified copies

are enclosed @ or _X are on file in the prior application.

The power of attormey in the prior application is to at least one
of the following: Raphael V. Lupo (Reg. No. 28,363); Jack Q.
Lever, Jr. (Reg. No. 28,149); Kenneth L. Cage (Reg. No. 26,151);
Michael E. Fogarty (Reg. No. 36,139); Brian E. Ferguson (Reg. No.
36,801) ; Edward E. Kubasiewicz (Reg. No. 30,020); Paul Devinsky
(Reg. No. 28,553); Robert W. Zelnick (Reg. No. 36,976); and Willem
F. Gadiano (Reg. No. 37,136).

A new power of attorney is enclosed.

The power appears in the original declaration of the prior
application.

Since the power of attorney does not appear in the original
declaration, a copy of the power in the prior application is
enclosed.

Please address all correspondence to:

Michael E. Fogarty, Esq.
MCDERMOTT, WILL & EMERY

600 13th Street, N.W.
Washington, D.C. 20005-3096
Telephone: 202-756-8000
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18. X Recognize as associate attorneys:

Edward A. Becker, Reg. No. 37,777; Stephen A. Becker, Reg. No. 26,527; Marcel K.
Bingham, Reg. No. 42,327; John G. Bisbikis, Reg. No. 37,095; Daniel Bucca, Reg. No.
42,368; Stephen C. Carlson, Reg. No. 39,929; Thomas A. Corrado, Reg. No. 42,439; Paul
Devinsky, Reg. No. 28,553; Laura A. Donnelly, Reg. No. 38,435; Margaret M. Duncan, Reg. -
No. 30,879; Brian E. Ferguson, Reg. No. 36,801; Keith E. George, Reg. No. 34,111; John A.
Hankins, Reg. No. 32,029; Brian D. Hickman, Reg. No. 35,894; Eric J. Kraus, Reg. No.
36,190; Patrick B. Law, Reg. No. 41,549; Robert E. LeBlanc, Reg. No. 17,219; Christine F.
Martin, Reg. No. 39.762; Michael A. Messina, Reg. No. 33,424; Eugene J. Molinelli, Reg.
No. 42,901; ChristopherJ. Palermo, Reg. No. 42,056; Joseph H. Paquin, Jr., Reg. No.
31,647, Robert L. Price, Reg. No. 22,685; Gene Z. Rubinson, Reg. No. 33,351; Joy Ann G.
Serauskas, Reg. No. 27,952; David A. Spenard, Reg. No. 37,449; Arthur J. Steiner, Reg.
No. 26,106; David L. Stewart, Reg. No. 37,578; Michae! D. Switzer, Reg. No. 39,552; Leonid
D. Thenor, Reg. No. 39,397; Keith J. Townsend, Reg. No. 40,358; AaronWeisstuch, Reg.
No. P41,557; Edward J. Wise, Reg. No. 34,523; and Alexander V. Yampolsky, Reg. No.
36,324

Respectfully submitted,

McDERMOTT, WILL & EMERY

Date: _December 22, 1999 By: ggzi?Jézl*’7/

R I e

Michael garty
Registr on No. 36,139
600 13th Street, N.W. P
R Washington, D.C. 20006-3096 ) -
= Telephone: 202-756-8000 7

Facsimile: 202-756-8087

INTEL - 1104
Page 157 of 231




01/07/02 MON 17:17 FAX 202 756 8087

MW&E WASH D.C.

@ool

- Botn
gty oo
600 132 Street, N.W, Los Angeles
Washington, D.C. 20005-3096 M ;ggw
(202) 736-8000 Newport Beach
Main Facsimile No. (202) 756-8087 gf‘f’,c‘tfez:l;urg
Facsimilc Operator No. (202) 756-8090 Silicon Vallcy
Vilnins
Washington, D.C.
MCDERMOTT, WILL & EMERY
FACSIMILE
FROM:
Brigitte DeHart,

Sender: Maintenance Fec Paralegal ~ Direct Phone: _202-756-8641

Sender's E-Maijl: bdehart@mwe.com

Secretary: Direct Phorne:

Client/Matter/Tkpr:  43889-898-6200 Date: January 7, 2002 Time Sent:

Number of pages including this page: 3
10; ‘
* Name: Mr. Mike Stellabotte Facsimile No. 215-682-8284
, U.S. Patent Office/ PATENT PROOF
Company: COPY PILOT PROJECT Contact No.

Re:  Serial No. 09/469,498; filed Dec. 22, 1999; Our Ref: 43889-898

Attached please find your PATENT PROOF COPY PILOT PROJECT

sheet with our checks/comments for the above-identified patent application.

Cover

The information contained in this facsimile message is legally privileged and confidential information intended only for the use of the
individual or entity named above. If the reader of this message is not the intended recipient, you are hereby notified that any
dissemination, distribution, or copy of this facsimile is steictly probibited. If you have received this facsimile in etror, please notify us
Immediately by telephone and return the original message to us at the above address via the United States Postal Service, Thank you.

WDC9Y 542509-1.043889,0898

INTEL - 1104
Page-1580f 23T




Boo2
SH D.C.
01/07/02 MON 17:17 FAX 202 756 8087 MWSE WA

RECEIVED
JAN 4 W
McDermott wm &Emery
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PATENT AND ) _
- TMDEM:&RKOFFICE Fax No. 215-682-8284

R—— Aoplication No.._99/469,498

Carrections to Copy—Please check corrections required.

(3 incorrect, duplicated, omitted words
[ Incorrect, omitted punctuation
O Incorrect, omitted spacing

" B¥Other. ﬂmw%m_ :an Pty Do cunan®
[ Check here if there were no @ on the proofco

0 Apply unentered/entered but missing/to be filed papers

Date Date
OCPA . . 1 Claim for Priority
O RCE —— O Claim/Spec. Amendments
0O 1Ds ——
{0 Declaration , . 0O
3 Change of Attomey 0
0O Small Entity Statement [J Other;
CJChangeof Address . — - O

POINT OF CONTACT FOR THIS APPLICATION: LORNA MULLENEX-CUSTOMER NO. 20277~FAX NO, 2037558067
Reviewer: . B&IGITTe DOl deT g ﬂf 43844 - 954

Comments:
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eda et al. Response Date: Feb. 4, 2002
\// ‘ (54) TRENCH ISOLATED SEMICONDUCTOR V' 5,760,444 A 6/1998 Olumura .................... 257/350
DEVICE v 5,:53,218 A 171999 Kinoshita et al. ...._...... 438/414
v 5877066 A 3/1999 Stolmeijer ot al, .......... 438/424
\] (76) Inventors: Takaaki Ukeda, Osaks; Chiald Kudo, 6028344 A * 22000 HahiOto ........ur.... 257/587
Kyoto; Toshiki Yabu, Osaka, all of (JP) FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this ~ EP 05-38807 1011992 "
patent i3 extcnded or adjusted under 33 Jp 58-200554 111983
U.S.C. 154(b) by 0 days. Jp 60-015944 1/1985.~
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V' (21) Appl. No.: 09/469,498 . Sas oo
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Related U.S, Application Data cited by examiner
\/ (62) Division of application No. 08/978.137, filed on Nov. 25, P Bxaminer—Stephen D. Meter
\ 1997, now Pat Na. 6,130,135. 57 ABSTRACT
(30) Foreign Application Priority Data The top surface of a P-type semiconductor substrate is
\/ Nov. 26, 1996 (JF) 8314762  Ppartitioned into an active region to be formed with an
Feb. 6,1997 (B} ... 9.023844  clement and an isolation region swrounding the active
ion. The isolation region is cotmposed of trench portions
(51) Int. CLS HOIL 33/00 mgmd,n',mm icond i interlayer
(52) U:S. CL 257/509; 257/545 ;?:ﬁlm !sydzpm:ﬁted :st&reme%ﬁwed byi:mv:?rt
(58) Field of Search ........ooemverros 257/309, 506,  formed thereon. In each of the semiconductor portions, an
257/545, 598 umpurity diffusion layer is formed simnltaneously with the
s6 implantation of ions into the element so that a PN junction \W
(36) References Cited is formed between the impurity diffusion layer and the
U.S. PATENT DOCUMENTS silicon substrate. A capacitance component of the wiring-
to-substratc capacitance in the regicn containing the semi-
362382 A W97 Brack etal, mn. 428448 conductor portions is obtained by adding in series the
4929566 A 5/1990 Baitman ... 438423 capacitance in the impurity diffusion layer to the capacitance
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»/5270265 A 121993 Hemmenway etal ... 438/404 itance onl vy intex] o insulatine: £l the
STLAOL A ¥ 11994 KA oo 2571254 oy 00 18 tho interlayer insulating film. What
V5426062 A 6/1995 Hweng oo oeeee 4387423 ' a semiconductor device having lower total wiring-
V5,663,588 A+ 9/1997 Sumlkictal. ..., 257350  tO-Substrate capacitance and a higher opersting speed.
56865633 A 9/1997 Meyer ‘ £/
5731623 A * M998 Ishimary ..., 257517 Zhélatms, 21 D¥awing Sheets
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o, NT OF ¢, "'
f %’%n UNITED STATE’ 'EPARTMENT OF COMMERCE
% Patent and Tradeniark Office
K f Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Stares o Washington, D.C. 20231

W e

APPLICATIONNO. | FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET No.

S UREDd , T
_l | EXAMINER |

RSO
| artunt | PAPER NUMBER |

WA

DATE MAILED
2szes/0nl

Please find below and/or attached an Office communication concerning this application or

proceeding.
Commissioner of Patents and Trademarks
PTO-90C (Rov. 2/95) 1- Flle Copy ,
*U.S. GPO: 2000-473-000/44602 o g
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Application No. Applicant(s)

09/469,498 | UKEDAETAL.
Office Action Summary Examinar AUt

Chauncey B. Johnson 2822

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply wiil, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 12 December 1999 .
2a)[_] This action is FINAL. 2b)|ZI This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims

4)4 Claim(s) 1-18is/are pending in the application.

4a) Of the above claim(s) _____is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
6)[{ Claim(s) 1-18 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claims ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
[] The drawing(s) filed on
[] The proposed drawing correction filed on _____is: a)[_] approved b)[_] disapproved.

is/are objected to by the Examiner.

)
10)
11)
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. § 119

13)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
a)lJ All b)[[] Some * c)[] None of:

1.[[] Certified copies of the priority documents have been received.

2.X) Certified copies of the priority documents have been received in Application No. 08978137 .

3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. & 119(e).

Attachment(s)
15) [X] Notice of References Cited (PTO-892) 18) ] Interview Summary (PTO-413) Paper No(s). _____
16) [:] Notice of Draftsperson’s Patent Drawing Review (PTO-948) 19) l:] Notice of Informal Patent Application (PTO-152)
17) |Z information Disclosure Statement(s) (PTO-1449) Paper No(s) 2 . 20) l:] Other:
U.S. Patent and Trademark Office
PTO-326 (Rev. 9-00) Office Action Summary : Part of Paper No. 4
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épplication/Control Number: 09/469,498 Page 2
Art Unit: 2822

DETAILED ACTION
This office action is in response to the preliminary amendment filed December 12, 1999.
Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

2. Claims 1-9 are rejected under 35 U.S.C. 102(b) as being anticipated by
Ishimaru (5,731,623). |

Ishimaru teaches all the limitations of claims 1-3 in the application as follows: an
active region (38/39, Fig. 8) and an isolation region (Fig. 5 and Fig. 6) surrounding said
active region; a plurality of trench portions (11a —11f; Figs. 5 & 6) formed in said
isolation region and filled with insulating material; semiconductor portions interposed
between said individual trench portiéns in said isolation region (Fig. 6); an interlayer
insulating film formed to extend continuously over said active region and said isolation
region (42, Figs. 1& 2); a wire (30 & 44, Fig. 2) formed on said interlayer insulating film;
plurality of PN junctions ( 1 &2; Fig.71 & 2) formed in said semiconductor portions
underlying said wire; an active region formed with a impurity diffusion region and a PN
junction is formed at a bottom face of said impurity diffusion region (Fig. 6); and the PN
junction of said isolation region being positioned at a level lower than the PN junction of

said active region (Fig. 6).
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Application/Control Number: 09/469,498 Page 3
Art Unit: 2822

3. In re claims 4-7 Ishimaru teaches the following: a dielectric film (28, Fig. 2)
interposed between interlayer insulating film and said semiconductor portions and
trench portion; a gate electrode (Fig. 6) formed on the semiconductor substrate within
said active region, with sidewalls (35, Fig. 6) made of an insulating material and formed
of both sides faces of said éate electrode; said underlying insulating film is formed of the
same film, such as an oxide (Column 4, lines 36-44), as that said side walls; and said
dielectric film being cémposed of a multilayer film (28 &6, Fig. 5).
4, In re claims 8-9 Ishimaru further teaches the following: the dielectric film is
formed in an upper portion of said semiconductor portions to have a top face at
approximately the same level as a top face of each of said trench portions (6, Fig. 4F);
and said dielectric film is composed of silicon oxide (Column 6, lines 53-54).

Claim Rejections - 35 USC § 102
5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

6. Claims 10 -18 are rejected under 35 U.S.C. 102(b) as being anticipated by
Suzuki et al (5,663,588). Suzuki teaches all the limitations of claims 10 -18 in the
application as follows: a semiconductor substrate having an active region(13c,a,d; Fig.
1B) and an isolation region ( 13 a, b; Fig. 1B) surrounding said active region; a plurality
of trench portions (19, Fig. 1B) each formed in said isolation region and filled with an

insulating material (16, Fig. 1B); a semiconductor portions ( Fig. 1B) interposed between

INTEL - 1104
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Application/Control Number: 09/469,498 Page 4
Art Unit: 2822

said individual trench portions in said isolation region; an interlayer insulating film (21,
Fig. 1B) formed to extend continuously over said active region and said isolation region;
a wire (22, Fig. 1B) formed on said interlayer insulating film; a buried insulating film (12,
Fig. 1B) formed in an inner portion of each of said semiconductor portions in said
isolation region; and a resistor film (18, Fig. 1B) formed between séid interlayer
insulating film and at least éaid semiconductor portions of said isolation region.

7. In re claims 12-14, Suzuki teaches the following: the resistor film is an
underlying film formed to extend continuously over said semiconductor portions and
trench portions (Fig. 1B); a resistbr element (18, Fig. 1B) having a high resistor film,
wherein said underlying resistor film is formed of the same film as composing the high
resistor film of said resistor element; and an electrode member (18, Fig. 1B) composed .
of a conductor fiim formed on the semiconductor substrate within said active region,
wherein said resistor film is composed of the same material as composing said
electrode member (Column 4, lines 35-40).

8.  Inre claims 15-16, Suzuki teaches the following: a MOSFET having a gate
electrode composed of a first conductor film ( 13, Fig. 1B; 13 a/b, Fig. 5) formed on the
semiconductor portion within said active region; a second conductor film (18, Fig. 1B;
Fig 5) deposited on said first conductor film; the top surface of the first conductor film of
said gate electrode is at approximately the same level aé a top surface of each of said
trench portions (Fig. 1B); 'a region of said resistor film overlying each of said
semiconductor‘portions is formed of the same two films as composing said first and

second conductor films of said gate electrode (Fig. 1B); a region of said resistorlfilm
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Application/Control Number: 09/469,498 | Page 5
Art)Unit: 2822

overlying each of said trench portions is composed of the same material composing
said first conductor film of said gate electrode (Figs. 1B, 5, 9, 10); said resistor film is‘
formed in an upper portion of each of said semiconductor portions of the semiconductor
substrate to have top face at approximately the same level as a top surface of each of
said trench portions (Fig. 3F).

9. In re claims 17-18, Suzuki further teaches the following: the use of oxygen ion
implants in forming SOI layers (Column 1, lines 40-45) such as the monocrystalline
silicon layer (13, Fig. 1B) and the polycrystalline/resistor film layer(18, Fig. 1B); and said
resistor film being composed of polycrystalline silicon (Column 4, lines 35-40).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Chauncey Johnson whose telephone number is (703)
306-4826. The examiner can normally be reached on Monday through Friday 9:00 AM
to 4:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Carl Whitehead, Jr., can be reached on (703) 308-7382. The fax phone
numbers for this Group is (703) 305-3432 or (703) 308-7382.

Any inquiry of a general nature or'relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is (703) 308-

0956.

o k:,Orﬂ/f

Stephen D, Meler
Frimaty Examiner
Feb 15, 2000.
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UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applic Takaaki UKEDA et al.

Serial No.} 09/469,498 Group'Art Unit: 2822
Filed: December 22, 1999 Examiner: . JOHNSON

For: SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

AMENDMENT TRANSMITTAL

Honorable Commissioner of Patents
and Trademarks,
Washington, D.C. 20231

Sir:
1. X Transmitted herewith is an amendment for the above-iden
application.
STATUS
2. X Applicant is is small entity - verified statement:
attached already filed.
X other than a small entity.

EXTENSION OF TIME

ATTO. Y DOCKET NO.

PATENT

43889-898

3. The proceedings herein are for a patent application and the provisions

of 37 C.F.R. §1.136 apply.

(a) X Applicant petitions for an extension of time for the total

number of months checked below:

EXTENSION FEE FOR FEE FOR OTHER THAN
(months) SMALL ENTITY SMALL ENTITY

one month $ 55.00 $ 110.

X two months 195.00 390.

three months . 445.00 890.

four months 685.00 1,390.

Fee

00
00
00
00

$_.390.00

If an additional extension of time is required, please consider this a

petition therefor.

An extension for months has already been secured and the fee
paid therefor of is deducted from the total fee due for the

total months of extension now requested.

Extension fee due with this Request $

Applicant believes that no extension of time is required.

However, this conditional petition is being made to provide

for the possibility that Applicant has inadvertently

overlooked the need for a petition for extension of time.

-
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4., X The fee f~r claims has been calculated as “"fhown below:

Claims - Highest o
Remaining Number
After Previously Present Additional
Amendment : Paid For : Extra : Rate Fee
Total : : :
Claims : 20 : 20 : 0 : x $18.00 = 0.00
Independent : : :
Claims 4 : 4 : 0 : X 8 80.00 = 0.00
Multiple Dependent Clalms (first presentation) : $270.00 = 0.00
Total = 0.00
Reduction by % for
small entity - 0
TOTAL FEE 0.00
(a) X No additional fee for claims is required.
-OR~
(b) The total additional fee for claims required $
FEE PAYMENT
5. Attached is a check in the amount of $
X Charge Deposit Account No. 50-0417 the amount of $ _390.00 . A
duplicate copy of this Transmittal is enclosed for accounting
purposes.
FEE DEFICIENCY
X If any additional extension and/or fee is required, this is the
request therefor and to charge Deposit Account No. 50-0417.
AND/OR
X If any additional fee for claims is required, charge Deposit

Account No. 50-0417. A duplicate copy of this Transmittal is

enclosed for accounting purposes.

Respectfully submitted,

MCDERMOTT, WILL & EMERY

Date: 7/”/0‘ By: /@QM

Michael E. Fogart
Registration No

600 13th Street, N.W., Suite 1200
Washington, D.C. 20005-3096
(202) 756-8000

’
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ATTORNEY DOCKET NO. 43889-898

PATENT
X 27
ITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: ) ?Zf{"//

) Group Art Unit: 2822

Takaaki UKEDA et al. )
) Examiner: C. JOHNSON
Serial No.: 09/469,498 ) '
) P
Filed : December 22, 1999 ) SIS
(DIV of SN: 08/978,137) ) i’ e ‘ﬁ;
) R
For: SEMICONDUCTOR DEVICE AND METHOD ) R
OF MANUFACTURING THE SAME ) -ob at
e -
&
-
AMENDMENT UNDER 37 C.F.R § 1.111
Hon. Assistant Commissioner for Patents
Washington, DC 20231
Sir:
In response to the Office Action dated February 26, 2001, having a shortened
statutory period for response set to expire May 26, 2001, a petition for two months
extension of time up to and including July 26, 2001 being filed concurrently herewith,
please amend the above-identified application as follows:
IN THE TITLE:
Please amend the title of the application to read --A TRENCH ISOLATED
SEMICONDUCTOR DEVICE--.
07/19/2001 ANABI1 00000057 500417 09469498
01 FC:il6 oo/
WDC99 459703-1.043889.0898 %
INTEL - 1104
Page 178 of 231



IN THE DRAWINGS:

Please amend Fig. 1(a) as illustrated on the marked-up copy of the figure
enclosed herewith. It is noted that the amendment to Fig. 1(a) corrects an inadvertent

clerical error.

IN THE CLAIMS:

Please amend claims 1, 2, 4, 5, 8, 10, 11, 12, 15 and 16 and add new claims 39

and 40 to read as follows:

e e S i

1. (Amended) A semiconductor device comprising:
- a semiconductor substrate having an active region and an isolation region

surrounding said active region;

a first trench portion filled with an insulating material formed to separate said
active region from said isolation region;

a second trench portion filled with an insulating material formed to separate a
plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continuously over said active region
and said isolation region;

a wire formed on said interlayer insulating film covering said dummy
semiconductor portions and said second trench portion in said isolation region; and

at least one PN junction formed in said dummy semiconduptor portions

underlying said wire.

2 70 | /\b

INTEL - 1104
Page 179 of 231




\
@ 2. (Amended) A semiconductor device according to claim 1, wherein said PN
junction includes a plurality of PN junctions formed in said dummy semiconductor

portions.

[pf (Amended) A semiconductor device comprising:

a semiconductor substrate having an active region and an isolation region
surrounding said active region;

a first trench portion filled with an'insulating material formed to separate said
active region from said isolation region;

‘\f) -a second trench portion filled with an insulating material formed to separate a
\b | plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continudusly over said active region
and said isolation region;

a wire formed on said interlayer insulating film covering said dummy
semiconductor portions and said second trench portion in said isolation region; and

a dielectric film interposed between at least said dummy semiconductor portions

of said isolation region and said interlayer insulating film.

/‘/ (Amended) A semiconductor device according to cIaim/, wherein said
dielectric film is an underlying insulating film interposed between said interlayer

insulating film and said dummy semiconductor portions and said second trench portion.

w—
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rb" \08, (Amended) A semiconductor device according to cIaim% wherein said
\j(b dielectric film is formed in an upper portion of each of said dummy semiconductor
portions of the semiconductor substrate to have a top face at approximately the same

level as a top face of each of said second trench portion.

\’VM (Amended) A semiconductor device comprising:
a semiconductor substrate having an active region and an isolation region
surrounding said active region;

a first trench portion filled with an insulating material formed to separate said

& active region from said isolation region;
b a second trench portion filled with an insulating material formed to separate a
plurality of dummy semiconductor portions in said isolation fegion;

an interlayer insulating film formed to extend continuously over said active region
and said isolatipn region;

a wire formed on said interlayer insulating ﬂlm covering said dummy
semiconductor portions and said second trench portion in said isolation region; and

a buried insulating film formed only in said isolation region, and in an inner

portion of each of said dummy semiconductor portions in said isolation region.

\ yf (Amended) A semiconductor device comprising:
a semiconductor substrate having an active region and an isolation region

surrounding said active region;
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a first trench portion filled with an insulating material formed to separate said
active region from said isolation region;

a second trench portion filled with an insulating material formed to separate a
plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continuously over said active region
and said isolation region;

a wire formed on said interlayer insulating film covering said dummy
semiconductor portions and said second trench portion in said isolation region; and

a resistor film formed under said wire, and between said interlayer insulating film
and at least said dummy semiconductor portions of said isolation region.

\ 1,{ (Amended) A semiconductor device accordingAto claim ,ya(,/wherein said

resistor film is an underlying resistor film formed to extend continuously over said

dummy semiconductor portions and said second trench portions.

SE

\'\}6 (Amended) A semiconductor device according to cIainﬂj,Z’, further
comprising a FET having a gate electrode composed of a first conductor film formed on
the semiconductor portion within said active region and a second conductor film
deposited on said first conductor film, wherein

a top surface of the first conductor film of said gate electrode is at approximately
the same level as a top surface of said first trench portion and said second trench

portion,

5 9 L%
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a region of said resistor film overlying each of said semiconductor portions is
formed of the same two films as composing said first and second conductor films of
said gate electrode, and

a region of said resistor film overlying said first trench portion and said second
trench portion is composed of the same material as composing said first conductor film
of said gate electrode.

\4 }K (Amended) A semiconductor device according to claim é?(,/wherein said
resistor film is formed in an upper portion of each of said dummy semiconductor

portions of the semiconductor substrate to have a top face at approximately the same

level as a top surface of said second trench portion.

/ Please add new claims 39 and 40 as follows:

v i

1,\38 (New) A semiconductor device according to claim 1, wherein said PN
junction formed in said dummy semiconductor portion is positioned at a level between a
top surface and a bottom surface of said second trench portion.

4}6 (New) A semiconductor device according to claim 1, wherein said PN
junction formed in said dummy semiconductor portion is positioned at a level below a

bottom surface of said second trench portion.

6 23 b‘




REMARKS

. Introduction

In response to the pending Office Action, Applicants have amended claims 1, 2,
4,5,8,10, 11, 12, 15 and 16 so as to clarify the intended subject matter of the present
invention. In addition, new claims 39 and 40 have been added. Support for new claims
39 and 40 can be found ‘in Figs. 1 and 3 and the corresponding disclosure set forth in
the specification. No new matter has been added.

In addition, Applicants have amended Fig. 1(a) to indicate that reference
numeral 9 corresponds to the “dummy semiconductor portion”, and not the trench
portion as erroneously indicated in the figure as originally filed. Support for the
amendment can be found on page 27, lines 10-11 of the specification.

Finally, a copy of the PTO-1449 form originally submitted in an Information
Disclosure Statement filed on December 12, 1999 is being enclosed herewith. A
correction has been made to the sixth reference identified in the "Foreign Patent
Documents" section. Specifically, reference number 02-20500 was incorrectly indicated
és being a Japanese reference in the original PTO-1449 form. As set forth on the new
form, the reference is a European reference. It is respectfully requested that the file in
the USPTO be updated to reflect this correction such that any patent issuing from the
above-identified application properly indicates the prior art of record.

For the following reasons, Applicants respectfully submit that the pending. claims

are not anticipated by the prior art for the reasons set forth below.
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. Claims 1-9 Are Not Anticipated By Ishimaru

Claims 1-9 were rejected under 35 U.S.C. § 102 as being anticipated by
Ishimaru (USP No. 5,731,623). Applicants respectfully submit that claims 1-9, as

amended, are clearly not anticipated by Ishimaru for the following reasons.

A. Claims 1-3

As recited by claims 1-3, the present invention relates to a novel trench-isolated
semiconductor device. One of the novel features of the invention is the formation of an
impurity region in the dummy semiconductor portions so as to result in the formation of
at least one PN junction in the dummy semiconductor portions.

More specifically, it is a known technique to form dummy semiconductor portions
in an isolation region in order to obtain an isolation region having a planarized surface.
Indeed, without such dummy semiconductor portions, it would be difficult to obtain a
planarized surface of the isolation region. However, prior to the present invention there
has been the problem that the formation of the dummy semiconductor portions
increases the wiring-to-substrate capacitance in the isolation region, as is described in
the “BACKGROUND OF THE INVENTION” portion of the specification and Figs. 21(a)-
21(c).

The Applicants’ have discovered that the formation of the PN junction in the
dummy semiconductor portions in the isolation region overcomes the foregoing
problem. Specifically, as shown in Fig. 1(b) while the formation of the dummy
semiconductor portions 9 produces an additional capacitance Cj1, because of formation

of the PN junction 22 within the dummy semiconductor portions 9, the capacitance Cj1

; %
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is added in series to a capacitance Cal, which decreases the wiring-to-substrate
capacitance in the isolation region. As a result, the operational speed of the device is
advantageously increased.

Turning to the pending claims, claim 1 recites in-part that a second trench portion
is formed in a dummy semiconductor portion and that at least one PN junction is formed
in the dummy semiconductor portion.

Turning to the cited prior art, at a minimum, Ishimaru fails to disclose a_second

trench portion filled with an insulating material formed so as to separate a plurality of

dummy semiconductor portions in the isolation region. Indeed, Ishimaru does not

disclose or suggest the use of any dummy semiconductor portions. For example,
referring to Fig. 6, the two semiconductor portions disclosed therein are utilized to form
a bipolar transistor and a MOS transistor. There are no durnmy semiconductor
portions.

Specifically, the trenches 11e, 11f and 11a of Fig. 5 and Fig. 6 as disclosed by
Ishimaru all correspond with the first trench portion of the present invention. These
trénches are formed to separate the bipolar transistor region from the MOS transistor
region. Moreover, trenches 11g and 11d are formed to separate the base layer 22,
which is formed in the bipolar transistor region (active region) from the buried collector
lead electrode layer 20.

Thus, the plurality of trench portions (11a-11f) disclosed by Ishimaru do not
correspond with the second trench portion filled with an insulatiné material formed to
separate a plurality of dummy semiconductor portions in isolation region as set forth in

claims 1, 4, 10 and 12 of the present invention.
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Continuing, as Ishimaru fails to disclose a dummy semiconductor portion,

Ishimaru also fails to disclose at least one PN junction being formed in the dummy

semiconductor portion.

Furthermore, Ishimaru fails to disclose or suggest a wire formed on the interlayer

insulating film covering the dummy semiconductor portions and the second trench

portion in the isolation region, as set forth in at least Claims 1, 4, 10 and 11 of the

present invention.

It is asserted in the pending rejection that Ishimaru teaches a wire (30, 44)
formed on an interlayer insulating film in Fig. 2. However, trenches 11a and 11b of Fig.
2 as disclosed by Ishimaru correspond with the first trench portion of the present
invention, as the bipolar transistor region (active region) is formed between trenches
11a and 11b. Thus, the wire (30, 44) disclosed by Ishimaru is formed on the active
region, which is different from the wire formed on the interlayer insulating film covering
the dummy semiconductor portions and the second trench portion in the isolation
region, as recited by the pending claims.

It is further noted that Figs. 1 and 2 of Ishimaru relate to prior art to the device
disclosed in Figs. 5 and 6 of Ishimaru. Accordingly, absent some motivation to combine
the teaching of the prior art identified by Ishimaru with Ishimaru's alleged novel device,
it is improper to pick and choose elements from different figures of Ishimaru
representing unrelated dévices when attempting for formulate an anticipation rejection
under 35 U.S.C. § 102.

Accordingly, as anticipation under 35 U.S.C. § 102 requires that each element of

the claim in issue be found, either expressly described or under principles of inherency,

10 | ﬁb

INTEL - 1104
Page 187 of 231




in a single prior art reference, Kalman v. Kimberly-Clark Corp., 713 F.2d 760, 218
USPQ 781 (Fed. Cir. 1983), for all of the foregoing reasons, it is clear that Ishimaru

does not anticipate either claim 1, or any claim dependent thereon.

B. Claims 4-9
Claims 4-9 were also rejected as being anticipated by Ishimaru. However,

similar to claim 1, claim 4 also recites the formation of a second trench portion filled with

an insulating material formed to separate a plurality of dummy semiconductor portions

in the isolation region, and the formation of a dielectric film interposed between the

dummy semiconductor portions and an interlayer insulating film.

In accordance with the device corresponding to claim 4, the capacitance
component of the wiring-to-substrate capacitance in the regAion containing the dummy
semiconductor portions of the isolation region is obtained by adding in series the
capacitance in the dielectric film to the capacitance in the interlayer fiim. As a result,
the total wiring-to-substrate capacitance is advantageously lowered. Consequently, the
operating speed of the semiconductor device of the present invention is increased.

As explained above, at a minimum, Ishimaru fails to disclose: (1) a second
trench portion filled with an insulating material formed to separate a plurality of dummy
semiconductor portions in the isolation region; or (2) a wire formed on the interlayer
inéulating film covering the dummy semiconductor portions and the second trench
portion in the isolation region.

As such, it is clear that Ishimaru also fails to anticipate either claim 4, or any of

claims 5-9, which depend on claim 4.
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Accordingly, for all of the foregoing reasons, it is respectfully submitted that claim

1-9 are not anticipated by Ishimaru.

il. Claims 10-18 Are Not Anticipated By Suzuki

Claims 10-18 were rejected under 35 U.S.C. § 102 as being anticipated by
‘Suzuki (USP No. 5,663,588). Applicants respectfully submit that claims 10-18, as
amended, are clearly not anticipated by Suzuki for the following reasons.

According to the semiconductor device of the present invention as recited by
claim 10, the buried insulating film is formed only in the isolation region. As a result,
the buried insulating film of the present invention is not formed below the active region.
For example, referring to Fig. 14(a) of the present invention, as shown the buried
insulating film 91 is formed only in the isolation region 7 and therefore is not formed
below the active region 6 containing the MOSFET.

Turning to the prior art, Suzuki discloses a device comprising a buried oxide film

12 formed beneath a SOl substrate 13. However, as shown in Fig. 1B of Suzuki, the

buried oxide film 12 is formed below both the active region and the isolation region.
Thus, at a minimum, Suzuki fails to disclose a device having a buried insulating film
formed only in the isolation region as recited by claim 10.

In addition, Suzuki fails to disclose or suggest a wire formed on the interlayer
insulating film covering the dummy semiconductor portions and thg second trench
portion in the isolation region, as recited by both claims 10 and 11.

Continuing with claim 11, the claimed device further includes a resistor film which

is formed under the wire and in between the interlayer insulating film and at least the

12 /<b
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dummy semiconductor portions of the isolation region. Accordingly, the resistor film is
formed in between the wiring and the dummy semiconductor portions. However, in
contrast, Suzuki fails to disclose any feature above the gate wiring 18, which functions
as a resistor film that corresponds to the wiring of the present invention.

It is asserted that Suzuki discloses a wiring (22) formed on the interlayer
insulating film as shown in Fig.1B of Suzuki. However, the wiring (22) disclosed by
Suzuki is formed on the active region, which is different from the wire formed on the
interlayer insulating film covering the dummy semiconductor portions and the second
trench portion in the isolation region, as recited by claim 11.

‘Accordingly, for all of the foregoing reasons, it is clear that Suzuki fails to

anticipate either claim 10 or 11 or any claim dependent thereon.

V. Request For Notice Of Allowance

Having fully responded to all matters raised in the Office Action, Applicants
submit that all claims are in condition for allowance, an indication for which is

respectfully solicited.

If there are any outstanding issues that might be resolved by an interview or an
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Examiner's amendment, the Examiner is requested to call Applicants’ attorney at the

telephone number shown below.

Date: 7//7/ 20 By:

600 13th Street, N.W. , Suite 1200
Washington, D.C. 20005-3096
Telephone: 202-756-8000
Facsimile: 202-756-8087

WDC99 459703-1.043889.0898

Respectfully submitted,

McDERMOTT, WILL & EMERY

/(

Michael E /[Fafarty
Registration No. 36,139
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VERSION RKINGS TO SHOW CHANGES MADE

IN THE TITLE:
The title has been amended to read --A TRENCH ISOLATED !‘:’ oy ‘
SEMICONDUCTOR DEVICE--. R )
0 =
~ Bmn
ey 2
o
IN THE CLAIMS: =

Claims 1, 2, 4, 5, 8, 10, 11, 12, 15 and 16 have been amended as follows:

1. (Amended) A semiconductor device comprising:

a semiconductor substrate having an active region and an isolation region

surrounding said active region;

[a plurality of trench portions each formed in said isolation region and filled with

an insulating material;

semiconductor portions interposed between said individual trench portions in

sa'id isolation region;]

a first trench portion filled with an insulating material formed to separate said

active region from said isolation region;

a second trench portion filled with an insulating material formed to separate a

plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continuously over said active region

and said isolation region;

15 @ |
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a wire formed on said interlayer insulating film covering said dummy

semiconductor portions and said second trench portion in said isolation region; and

at least one PN junction formed in said dummy semiconductor portions

underlying said wire.

2. (Amended) A semiconductor device according to claim 1, wherein said PN
junction includes a plurality of PN junctions formed in said dummy semiconductor

portions.

- 4. (Amended) A semiconductor device comprising:
a semiconductor substrate having an active region and an isolation region
surrounding said active region;
[a plurality of trench portions each formed in said isolation region and filled with
an insulating material;
semiconductor portions interposed between said individual trench portions in
séid isolation region;]

a first trench portion filled with an insulating material formed to separate said

active region from said isolation region:

a second trench portion filled with an insulating material formed to separate a

plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continuously over said active region

and said isolation region;
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a wire formed on said interlayer insulating film covering said dummy

semiconductor portions and said second trench portion in said isolation region; and

a dielectric film interposed between at least said dummy semiconductor portions

of‘said isolation region and said interlayer insulating film.

5.  (Amended) A semiconductor device according to claim 4, wherein said
dielectric film is an underlying insulating film interposed between said interlayer
insulating film and said dummy semiconductor portions and said second trench

[portions] portion.

8. (Amended) A semiconductor device according to claim 4, wherein said
dielectric film is formed in an upper portion of each of said dummy semiconductor
portions of the semiconductor substrate to have a top face at approximately the same

level as a top face of each of said second trench [portions] portion.

10. (Amended) A semiconductor device comprising:

a semiconductor substrate having an active region and an isolation region
surrounding said active region;

[a plurality of trench portions each formed in said isolation region and filled with
an insulating material;

semiconductor portions interposed between said individual trench portions in

said isolation region;]
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a first trench portion filled with an insulating material formed to separate said

active region from said isolation region;

a second trench portion filled with an insulating material formed to separate a

plurality of dummy semiconductor portions in said isolation region;

an interlayer insulating film formed to extend continuously over said active region

and said isolation region;

a wire formed on said interlayer insulating film covering said dummy

semiconductor portions and said second trench portion in said isolation region; and

a buried insulating film formed only in said isolation region, and in an inner

portion of each of said dummy semiconductor portions in said isolation region.

11. (Amended) A semiconductor device comprising:

a semiconductor substrate having an active region and an isolation region
surrounding said active region;

[a plurality of trench portions each formed in said isolation region and filled with
an insulating material;

semiconductor portions interposed betweén said individual trench portions in
said isolation region;]

a first trench portion filled with an insulating material formed to separate said

active region from said isolation region;,

a second trench portion filled with an insulating material formed to separate a

plurality of dummy semiconductor portions in said isolation region;

19 49
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an interlayer insulating film formed to extend continuously over said active region

and said isolation region;

a wire formed on said interlayer insulating film covering said dummy

semiconductor portions and said second trench portion in said isolation region; and

a resistor film formed under said wire, and between said interlayer insulating film

and at least said dummy semiconductor portions of said isolation region.

12. (Amended) A semiconductor device according to claim 11, wherein said
resistor film is an underlying resistor film formed to extend continuously over said

dummy semiconductor portions and said second trench portions.

15. (Amended) A semiconductor device according tb claim 12, further
comprising a FET having a gate electrode composed of a first conductor film formed on
the semiconductor portion within said active region and a second conductor film
deposited on said first conductor film, wherein

a top surface of the first conductor film of said gate electrode is at approximately

the same level as a top surface of [each of] said first trench [portions] portion and said

second trench portion,

a region of said resistor film overlying each of said semiconductor portions is
formed of the same two films as composing said first and second conductor films of

said gate electrode, and
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a region of said resistor film overlying [each of] said first trench [portions] portion

and said second trench portion is composed of the same material as composing said

first conductor film of said gate electrode.

16. (Amended) A semiconductor device according to claim 11, wherein said
resistor film is formed in an upper portion of each of said dummy semiconductor
portions of the semiconductor substrate to have a top face at approximately the same

level as a top surface of [each of] said second trench [portions] portion.

‘'Please add new claims 39 and 40 as follows:

39. (New) A semiconductor device according to claim 1, wherein said PN
junction formed in said dummy semiconductor portion is poéitioned at a level between a
top surface and a bottom surface of said second trench portion.

40. (New) A semiconductor device according to claim 1, wherein séid PN
junction formed in said dummy semiconductor portion is positioned at a level below a

bottom surface of said second trench portion.
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In re Application of
BATCH NO.: N51
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Allowed: October 16, 2001
Filed: December 22, 1999 . Examiner: S. Meier

For: A TRENCH ISOLATED SEMICONDUCTOR DEVICE (As Amended)

LETTER SUBMITTING FORMAL DRAWINGS

Box Issue Fee
Commissioner for Patents
Washington, DC 20231
Sir:
In response to the Notice of Allowability dated October 16, 2001, submitted

herewith are twenty-one (21) sheets of Formal Drawings in connection with the above

referenced application.

Respectfully submitted,

Registratjon No. 36,139

600 13" Street, N.W,
Washington, DC 20005-3096
(202) 756-8000 MEF:blp
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