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15 cient width of the n* source layer (11) on the surface of the
substrate is secured. Thereby, stable contact between the
i /! ) n' source layer (11) and a source electrode (15) is ob-

- { tained. A CVD oxide film (12) that is an interlayer insulat-
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\ (7), and non-doped poly-silicon (13) that is not oxidized is
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( N 3 \ of void in the CVD oxide film (12) is suppressed and, by
2 not oxidizing the non-doped poly-silicon (13), a semicon-

ductor apparatus is easily manufactured.
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Description
Title of Invention: MOS-DRIVEN SEMICONDUCTOR DEVICE
AND METHOD FOR MANUFACTURING MOS-DRIVEN SEMI-

CONDUCTOR DEVICE
Technical Field

[0001] The present invention relates to a MOS-driven semiconductor device and to a method

for manufacturing MOS-driven semiconductor device.

Background Art

[0002]  Recently, concerning low voltage class power MOSFETs of 100 V or less, de-
velopment of a power MOSFET having a trench gate (hereinafter, "power MOSFET")
is actively pursued aiming at reducing ON-resistance by reducing channel resistance.
Various structures have been proposed for such a power MOSFET.

[0003]  Fig. 21 is a cross-sectional view of components of a conventional power MOSFET.
The power MOSFET includes an n- epitaxial layer (hereinafter, "n- epi layer") 52 that
is disposed on an n* drain layer 51 and that is an n- drift layer; a p-channel layer
(p-base layer) 53 that is disposed on a surface layer of the n- epi layer 52; an n* source
layer 61 and a p* contact layer 64 that are disposed in a surface layer of the p-channel
layer 53; a trench 57 that passes through the n* source layer 61 and the p-channel layer
53 to the n- epi layer 52; a gate oxide film 59 that is disposed along an inner wall of the
trench 57; a gate electrode 60a that is made of doped poly-silicon and that is embedded
in the trench 57 through the gate oxide film 59; an interlayer insulating film 62a that is
disposed on the gate electrode 60a and that fills an upper portion of the trench 57; a
source electrode 65 that is disposed spanning across the n* source layer 61, the p*
contact layer 64, and the interlayer insulating film 62a; and a drain electrode 66 that is
disposed on a back face of the n* drain layer 51 (see, e.g., Patent Literature 1 below).

[0004] A manufacturing method of the power MOSFET depicted in Fig. 21 will be
described. After the p-channel layer 53 is formed, the trench 57 that passes from the p-
channel layer 53 to the n- epi layer 52 is formed. The trench 57 is formed by dry
etching using an oxide film (hereinafter, "CVD oxide film") formed by chemical vapor
deposition (CVD), as a mask. The gate oxide film 59 is formed in the trench 57 and the
trench 57 is filled with poly-silicon forming the gate electrode 60a. The position of a
surface of the gate electrode 60a is lower than a surface of the p-channel layer 53, a
principal surface of the substrate.

[0005]  To form the n* source layer 61, arsenic (As) ion is obliquely ion-implanted from a
side wall of the trench 57 to the p-channel layer 53 using, as a mask, the CVD oxide

film that is used to form the gate electrode 60a and the trench 57. Therefore, a
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[0006]

[0007]

[0008]

[0009]

[0010]

diffusion source that forms the n* source layer 61 is introduced into the side wall of the
trench 57. The CVD oxide film is removed. A resist mask that has an opening corre-
sponding to an area to form the p* contact layer 64 is formed. Using this resist mask,
boron (B) ion or boron fluoride (BF,) ion is implanted into a surface of the p-channel
layer 53.

The impurity ion introduced into the surface of the p-channel layer 53 is activated by
a heat treatment and thereby, the n* source layer 61 and the p* contact layer 64 are
formed. The n* source layer 61 is formed by a diffusion of arsenic having a short
diffusion length diffused from the side wall of the trench 57. Therefore, the width
(hereinafter, meaning a "lateral diffusion width") w of a surface of the n* source layer
61 that is exposed to the surface of the p-channel layer 53 becomes narrow. The in-
terlayer insulating film 62a made of Boron Phosphor Silicate Glass (BPSG), etc., is
deposited. The interlayer insulating film 62a is etched to the surface of the p-channel
layer 53, the principal surface of the substrate. The source electrode 65 in contact with
the n* source layer 61 is formed using a metal such as aluminum (Al). The drain
electrode 66 is formed on the posterior surface of the n* drain layer 51 using a metal
such as gold (Au).

A feature of the above manufacturing method is that the n* source layer 61 is formed
by self-alignment using the mask that is used to form the gate electrode 60a and the
trench 57. As a result, effects described in (1) to (3) herein are obtained. (1) In forming
the n* source layer 61, any shift of the mask made during the patterning, any tolerance
for etching back the gate electrode 60a, etc., do not need to be taken into account. (2)
A cell may be downsized because the lateral diffusion width of the n* source layer 61
can be reduced. (3) Because the n* source layer 61 is formed using the gate electrode
60a as a mask, an overlapped portion of the gate and the source regions can be reduced
and therefore, source-gate parasitic capacity can be reduced.

A method of forming an L-shaped source region by obliquely implanting ion using a
resist mask having a narrower width than that of a mask for forming a trench has been
proposed as another manufacturing method of a power MOSFET. The ion is implanted
into the inside of the trench using a gate electrode as a mask. Therefore, a same effect
as that in (3) above is obtained (see, e.g., Patent Literature 2 below).

A method of filling a recess on a gate electrode with a CVD oxide film and poly-
silicon (to be oxidized) aiming at securely and stably obtaining a gate electrode layer
and a cap insulating layer each having a predetermined thickness has been proposed as
another method (see, e.g., Patent Literature 3 below).

A method of forming an n* source layer by diffusing an impurity into an interlayer
insulating film (Inter Layer Dielectrics (ILD)) has been proposed as another method.

According to this method, the n* source layer may be formed evenly along the
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

direction of the thickness of a trench groove. The width of the n* source layer along the
direction of the trench width may be reduced. As a result, reduction of ON-resistance

and finer processing can be facilitated (see, e.g., Patent Literature 4 to 6 below).
For electrical contact of a p-channel layer for which trench intervals are finely

narrowed, a method of newly forming a trench to cross a gate trench, thereby, bringing
a p-channel layer in electrical contact with a source electrode has been proposed as
another method (see, e.g., Patent Literature 7 below).

A method of providing a contact of an n* source layer also for a side wall of a trench
has been proposed as another method. According to this method, the contact of the n*
source layer in the device surface portion does not affect contact resistance and
therefore, the width of the n* source layer along the direction of the trench width may
be narrow. Therefore, finer processing is enabled (see, e.g., Patent Literature 8 below).

A method of forming a gate region in a two-stage trench to narrow the width of a unit
cell that includes a source region and a gate region, aimed at reducing "Ron*A
(ON-resistance per unit area)" has been proposed as another method (see, e.g., Patent
Literature 9 and 10 below).

A method of forming a p-channel layer after forming a trench has been proposed as
another method. According to this method, doping to form the p-channel layer is
executed from a side wall of the trench. Thereby, control in forming the p-channel
layer with respect to a trench gate electrode portion is improved (see, e.g., Patent
Literature 11 below).

A semiconductor apparatus whose insulating layer under a gate electrode embedded
in a trench is configured by a multi-layer insulating layer, aiming at reducing gate-
drain capacity, has been proposed in, for example, Patent Literature 12 below.

A method of forming an n* source layer similar to the method recited in Patent
Literature 1 above is also proposed in, for example, Patent Literature 13 below. A
semiconductor apparatus having a substantially identical structure as the semi-
conductor apparatus proposed in Patent Literature 2 above is also proposed in Patent
Literature 3 to 13 above.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open Publication No. H11-97685

PTL 2: Japanese Patent No. 3281847, Paragraph Nos. 0017 and 0018 and Figs. 5 and 6
PTL 3: US Patent No. 2008/093665

PTL 4: US Patent No. 5086007

PTL 5: US Patent No. 5298780

PTL 6: US Patent No. 6351009
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PTL 7: US Patent No. 2009/014788

PTL 8: US Patent No. 6818946

PTL 9: US Patent No. 7344943

PTL 10: International Patent Publication No. 2006/126998
PTL 11: US Patent No. 6376314

PTL 12: International Patent Publication No. 2002/078092
PTL 13: US Patent No. 6274437

Summary of Invention

Technical Problem

However, according to the technique described in above Patent Literature 1, the ion
implantation of arsenic to form the n* source layer 61 is executed for the p-channel
layer 53 from the side wall of the trench 57 using the mask used to form the trench 57.
The mask that is used to form the trench 57 covers an entire surface of the p-channel
layer 53 sandwiched by the trenches 57. Therefore, to sufficiently secure the lateral
diffusion width of the n* source layer 61 is difficult. As a result, to stably obtain the
electrical contact between the n* source layer 61 and the source electrode 65 is
difficult.

When the trench 57 is completely filled by filling the trench 57 with the CVD oxide
film on the gate electrode 60a in the trench 57, the following problem arises. Fig. 22 is
a cross-sectional view of a void generated in the interlayer insulating film. The rate of
development of the CVD oxide film in the trench 57 differs from the rate on the
substrate surface. Therefore, as depicted in Fig. 22, a void 67 tends to be generated in
the interlayer insulating film 62a on the gate electrode 60a, arising in a problem of con-
trolling the generation of the void 67.

According to the technique described in Patent Literature 1 above, a method of filling
the inside of the trench 57 with BPSG to be used as the interlayer insulating film 62a is
proposed. However, heat treatment at 850 degrees C or higher for about 30 minutes is
necessary to improve the reflow property of BPSG. Therefore, the diffusion profile of
the n* source layer 61, etc., may vary due to the heat treatment. Additionally executing
the heat treatment is accompanied by an increase of the lateral diffusion width of the
diffusion layer, such as the n* source layer 61. Therefore, the technique is not
preferable for finer processing of a device.

The following methods have been proposed as methods of solving the above
problems. For example, in Patent Literature 2 above, a method of forming the n*
source layer using a resist mask that is narrower than each interval between adjacent
trenches after forming the trenches is proposed as a method to cause the n* source layer

to be stably in electrical contact with the source electrode. However, according to this
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[0022]

[0023]

[0024]

[0025]

method, halation affects formation due to a gap formed in an upper portion of each
trench during the process of patterning the resist. As a result, the patterned shape of the
resist is deformed. Therefore, a problem arises in that the processing precision is
degraded. The influence of the halation becomes stronger as each trench interval

becomes narrower.
In Patent Literature 3 above, a method of facilitating insulation by forming a non-

doped poly-silicon layer through a non-doped silicate glass (NSG) film or a high tem-
perature oxide (HTO) film that is deposited on the gate poly-silicon, and oxidizing the
non-doped poly-silicon layer is proposed as a method of controlling the generation of
the void. However, a problem arises in that the diffusion profile of the diffusion layer
such as the n* source layer is varied similarly to that in the above application of the
BPSG by the heat treatment executed when the non-doped poly-silicon layer is
oxidized.

As described, to manufacture the power MOSFET depicted in Fig. 21, solving the
following two problems is necessary. (1) To be able to cause the n* source layer and
the source electrode to be stably in electrical contact with each other on the substrate
surface. (2) To form the interlayer insulating layer without generating a void in the
upper portion of the gate poly-silicon in the trench and without adversely affecting the
profile of the diffusion layer such as the n* source layer. None of these problems or any
means of solving them are recited in the techniques described in Patent Literatures 1 to
13. Furthermore, Patent Literatures 1 to 13 include no content that suggests a means of
solving the problems.

To solve the problems associated with the above conventional techniques, an object
of the present invention is to provide a MOS-driven semiconductor device that is
capable of reliably obtaining electrical contact between a source layer and a source
electrode on a surface of a substrate, and a manufacturing method thereof. Another
object of the present invention is to provide a MOS-driven semiconductor device that
is capable of controlling the generation of a void, and a manufacturing method thereof.
Another object of the present invention is to provide a MOS-driven semiconductor
device that does not adversely affect the profile of a diffusion layer, and a manu-
facturing method thereof. Another object of the present invention is to provide a
method for manufacturing a MOS-driven semiconductor device that is capable of
reliably obtaining electrical contact between a source layer and a source electrode on a
surface of a substrate, and to provide a method for manufacturing a MOS-driven semi-

conductor device that is capable of controlling the generation of a void.
Solution to Problem

To solve the above problems and achieve an object, a MOS-driven semiconductor
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device according to the invention of claim 1 includes a channel layer of a second
conducting type that is disposed in a surface layer of a first semiconductor layer of a
first-conducting type; a trench that passes through the channel layer to the first semi-
conductor layer; a second semiconductor layer that is of the first conducting type, is in
contact with a side wall of the trench, and selectively disposed in a surface layer of the
channel layer; a third semiconductor layer that is of the second conducting type, is
disposed in the surface layer of the channel layer, and has an impurity concentration
that is higher than that of the channel layer and lower than that of the second semi-
conductor layer; a gate insulating film that is disposed on an inner wall of the trench; a
gate electrode that is embedded in the trench through the gate insulating film, a height
of a surface of the gate electrode being along a side face of the second semiconductor
layer; an oxide film that is disposed on the gate electrode and on the side wall of the
trench, the oxide film being made of an LP-TEQOS film or an HTO film; a non-doped
poly-silicon layer that is disposed on the oxide film; and a main electrode that is in
contact with the second semiconductor layer and the third semiconductor layer.

A manufacturing method of a MOS-driven semiconductor device according to the
invention of claim 2 includes a step of selectively forming a channel layer of a second
conducting type in a surface layer of a first semiconductor layer of a first conducting
type; followed by a step of selectively forming a nitride film on a surface of the
channel layer; and a step of forming a first mask on the nitride film and an exposed
face of the channel layer, the first mask being used to form a trench. Subsequently, a
step of forming the trench that passes through the channel layer to the first semi-
conductor layer, using the first mask; a step of removing the first mask to expose the
nitride film; and a step of forming a gate insulating film on an inner wall of the trench
are performed. Next, a step of embedding a gate electrode in the trench through the
gate insulating film such that a height of a surface of the gate electrode is along a side
face of the channel layer; a step of ion-implanting, in a surface layer of the channel
layer and using the gate electrode and the nitride film as a second mask, an impurity of
the first conducting type to form a second semiconductor layer that is of the first
conducting type and has an L-shape; and a step of removing the nitride film, and
forming an oxide film that is made of an LP-TEOS film or an HTO film, such that a
recess remains at an upper portion of the trench, the recess being above the gate
electrode and extending to side walls of the trench are performed. Next, a step of
forming a non-doped poly-silicon layer on the gate electrode to fill the recess through
the oxide film; a step of ion-implanting into the surface of the channel layer, an
impurity of the second conducting type to form a third semiconductor layer that is of
the second conducting type and has an impurity concentration that is higher than that

of the channel layer and that is lower than that of the second semiconductor layer; a
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[0027]

[0028]

[0029]

[0030]

[0031]

step of activating, by annealing, the ion-implanted impurities of the first and the
second conducting types; and a step of forming a main electrode that is in contact with
the second semiconductor layer and the third semiconductor layer are performed.

In the manufacturing method of a MOS-driven semiconductor device according to
the invention of claim 3 and based on the invention of claim 2, a thickness of the oxide
film is 0.1 um or more and 0.3 um or less.

In the manufacturing method of a MOS-driven semiconductor device according to
the invention of claim 4 and based on the invention of claim 2, an interval of the trench
is 0.2 micrometer or more and 0.8 micrometer or less.

In the manufacturing method of a MOS-driven semiconductor device according to
the invention of claim 5 and based on the invention of claim 2, a heat treatment process
to oxidize and insulate the non-doped poly-silicon layer is not performed.

A manufacturing method of a MOS-driven semiconductor device according to the
invention of claim 6 includes a step of selectively forming a channel layer of a second
conducting type in a surface layer of a first semiconductor layer of a first conducting
type; followed by a step of forming a first mask on a surface of the channel layer, the
first mask being used to form a trench; and a step of forming the trench that passes
through the channel layer to the first semiconductor layer, using the first mask. Sub-
sequently, a step of forming a gate insulating film on an inner wall of the trench; a step
of embedding a gate electrode in the trench through the gate insulating film such that a
height of a surface of the gate electrode is along a side face of the channel layer; and a
step of ion-implanting, in a side wall of the trench and using at least the gate electrode
as a second mask, an impurity of the first conducting type to form a second semi-
conductor layer that is of the first conducting type are performed. Next, a step of
forming an oxide film that is made of an LP-TEOS film or an HTO film, such that a
recess remains at an upper portion of the trench, the recess being above the gate
electrode and extending to side walls of the trench; a step of filling the recess and
forming a non-doped poly-silicon layer on the gate electrode through the oxide film;
and a step of ion-implanting into the surface of the channel layer, an impurity of the
second conducting type to form a third semiconductor layer that is of the second
conducting type and has an impurity concentration that is higher than that of the
channel layer and that is lower than that of the second semiconductor layer are
performed. Next, a step of activating, by annealing, the ion-implanted impurities of the
first and the second conducting types; and a step of forming a main electrode that is in
contact with the second semiconductor layer and the third semiconductor layer are
performed, where a heat treatment process to oxidize and insulate the non-doped poly-
silicon layer is not performed.

In the manufacturing method of a MOS-driven semiconductor device according to
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[0033]
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the invention of claim 7 and based on the invention of claim 6, a thickness of the oxide
film is 0.1 micrometer or more and 0.3 micrometer or less.

A manufacturing method of a MOS-driven semiconductor device according to the
invention of claim 8 includes a step of selectively forming a channel layer of a second
conducting type in a surface layer of a first semiconductor layer of a first conducting
type; followed by a step of selectively forming a nitride film on a surface of the
channel layer; a step of forming a first mask on the nitride film and an exposed face of
the channel layer, the first mask being used to form a trench; and a step of forming the
trench that passes through the channel layer to the first semiconductor layer, using the
first mask. Subsequently, a step of removing the first mask to expose the nitride film; a
step of forming a gate insulating film on an inner wall of the trench; a step of
embedding a gate electrode in the trench through the gate insulating film such that a
height of a surface of the gate electrode is along a side face of the channel layer; and a
step of ion-implanting, in a surface layer of the channel layer and using the gate
electrode and the nitride film as a second mask, an impurity of the first conducting type
to form a second semiconductor layer that is of the first conducting type and has an L-
shape are performed. Next, a step of removing the nitride film, and forming an in-
sulation film on the gate electrode; a step of forming a non-doped poly-silicon layer on
the gate electrode to fill up the recess through the oxide film; and a step of ion-
implanting into the surface of the channel layer an impurity of the second conducting
type to form a third semiconductor layer that is of the second conducting type and has
an impurity concentration that is higher than that of the channel layer and that is lower
than that of the second semiconductor layer are performed. Next, a step of activating,
by annealing, the ion-implanted impurities of the first and the second conducting types;
and a step of forming a main electrode that is in contact with the second semiconductor
layer and the third semiconductor layer are performed.

In the manufacturing method of a MOS-driven semiconductor device according to
the invention of claim 9 and based on the invention of claim 8, the forming the in-
sulation film on the gate electrode includes: forming an oxide film being made of an
LP-TEOS film or an HTO film such that a recess remains at an upper portion of the
trench, the recess being above the gate electrode and extending to side walls of the
trench; forming a non-doped poly-silicon layer on the gate electrode to fill up the
recess through the oxide film; and a heat treatment process to oxidize and insulate the
non-doped poly-silicon layer.

In the manufacturing method of a MOS-driven semiconductor device according to
the invention of claim 10 and based on the invention of claim 8, an interval of the
trench is 0.2 micrometer or more and 0.8 micrometer or less.

According to the above invention, the second mask to form the second semi-
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conductor layer is formed using the nitride film before forming the trench. Con-
sequently, the second mask can be easily formed. Further, by forming the second mask
prior to forming the trench, generation of irregularity in the mask pattern width of the
nitride film is prevented. By using the nitride film, even after the formation of the
trench, the film can be left as mask material. Whereby, the second semiconductor layer
is formed assuredly on the flat surface of the channel layer. Therefore, the second
semiconductor layer and the main electrode are caused to be stably in electrical contact
with each other on the substrate surface. In particular, the above invention is effective
for a MOS-driven semiconductor device that employs fine cells whose adjacent trench
interval is 0.8 micrometer or less. The recess surrounded by the surface of the gate
electrode formed in the trench and the side wall of the trench is covered by the oxide
film having a thickness of 0.1 micrometer or more to leave the recess uncovered, and
the recess is filled with the non-doped poly-silicon layer. The upper portion of the
trench is not completely filled with the oxide film and therefore, generation of a void in
the oxide film is controlled. The breakdown voltage between the gate and the source
may be secured by forming the oxide film to have a thickness of 0.1 micrometer or
more. Therefore, any heat treatment to insulate the non-doped poly-silicon layer is un-
necessary. By not executing heat treatment, variation of the diffusion profile of the
diffusion layer, such as the second semiconductor layer, is prevented.
Advantageous Effects of Invention

According to the manufacturing method of a semiconductor apparatus of the present
invention, an effect is achieved in that a source layer and a source electrode are caused
to be stably in electrical contact with each other on a surface of the substrate. Another
effect is achieved in that generation of a void is controlled. Another effect is achieved
in that the profile of a diffusion layer is not adversely affected.
Brief Description of Drawings
[fig.1]Fig. 1 is a cross-sectional view of components of a MOS-driven semiconductor
device according to a first embodiment of the present invention.
[fig.2]Fig. 2 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to a second embodiment of the present
invention.
[fig.3]Fig. 3 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.
[fig.4]Fig. 4 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present

invention.
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[fig.5]Fig. 5 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.6]Fig. 6 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.7]Fig. 7 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.8]Fig. 8 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.9]Fig. 9 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.10]Fig. 10 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.11]Fig. 11 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.12]Fig. 12 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.13]Fig. 13 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.14]Fig. 14 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.15]Fig. 15 is a cross-sectional view of a MOS-driven semiconductor device,
depicting a manufacturing method according to the second embodiment of the present
invention.

[fig.16]Fig. 16 is a cross-sectional view of components of a MOS-driven semi-
conductor device according to a third embodiment of the present invention.
[fig.17]Fig. 17 is a cross-sectional view of the MOS-driven semiconductor device,
depicting a manufacturing method according to the third embodiment of the present

invention.
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[fig.18]Fig. 18 is a cross-sectional view of components of a MOS-driven semi-
conductor device according to a fourth embodiment of the present invention.
[fig.19]Fig. 19 is a cross-sectional view of the MOS-driven semiconductor device,
depicting a manufacturing method according to the fourth embodiment of the present
invention.
[fig.20]Fig. 20 is a cross-sectional view of the MOS-driven semiconductor device,
depicting a manufacturing method according to the fourth embodiment of the present
invention.
[fig.21]Fig. 21 is a cross-sectional view of components of a conventional power
MOSFET.
[fig.22]Fig. 22 is a cross-sectional view of a void generated in an interlayer insulating
film.
[fig.23]Fig. 23 is an electron microscope photograph of a silicon (Si) substrate viewed
along a surface thereof.
[fig.24]Fig. 24 is an electron microscope photograph of a silicon (Si) substrate viewed
along a surface thereof.
Description of Embodiments

Preferred embodiments of a manufacturing method of a semiconductor device
according to the present invention will be described in detail with reference to the ac-
companying drawings. In the following description of the embodiments and the ac-
companying drawings, identical structures are given identical reference numerals and

redundant description is omitted. "+" and "-" that are superscripts for "n" and "p" re-
spectively mean that a layer or an area with "+" or "-" has a higher impurity con-
centration or a lower impurity concentration than that of a layer or an area without a
superscript. A first conducting type will be described as n type and a second
conducting type will be described as p type.

In the present invention, a poly-silicon layer that is formed being doped with an
impurity source during deposition is referred to as a doped poly-silicon layer, and a
poly-silicon layer that is formed being not doped with any impurity source during de-
position is referred to as a non-doped poly-silicon layer. A non-doped poly-silicon
layer that is doped with an impurity source after deposition is also referred to as a non-
doped poly-silicon layer.

(First Embodiment)

Fig. 1 is a cross-sectional view of components of a MOS-driven semiconductor
device according to a first embodiment of the present invention. As depicted in Fig. 1,
a power MOSFET 100 of the present invention includes an n- epitaxial layer

(hereinafter, "n- epi layer") 2 that is disposed on an n* semiconductor substrate 1; a p-
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channel layer 3 that is disposed on the n- epi layer 2; trenches 7 that pass through the p-
channel layer 3 to the n- epi layer 2; n* source layers 11 that are selectively disposed in
surface layers of a side face and a top face of the p-channel layer 3; and p* contact
layers 14 that are disposed in a surface layer of the p-channel layer 3.

The n* semiconductor substrate 1 is an n* drain layer. The n* epi layer 2 is an n- drift
layer. The n- epi layer 2 corresponds to the first semiconductor layer. The p-channel
layer 3 is a p-base layer. Preferably, each interval between adjacent trenches 7
(hereinafter, "trench interval A" in Fig.1) is 0.2 micrometer or wider and 0.8 mi-
crometer or narrower. The reason for this will be described later. The n* source layers
11 each have an L-shape that is disposed spanning from the top face of the p-channel
layer 3 to the surface layer of a side face thereof. Each of the n* source layers 11 cor-
responds to the second semiconductor layer.

The p* contact layers 14 each have an impurity concentration that is higher than that
of the p-channel layer 3 and that is lower than that of the n* source layers 11. The p*
contact layers 14 cover a lower area of the n* source layers 11 that are selectively
disposed in the surface layer in the top surface of the p-channel layer 3. The lower area
of the n* source layers 11 is an area on the n* semiconductor substrate 1 side of the n*
source layers 11. Each of the p* contact layers 14 corresponds to a third semiconductor
layer.

The power MOSFET 100 further includes gate insulating films (gate oxide films) 9
that are disposed on the inner wall of the trenches 7, respectively; gate electrodes 10a
that are embedded in the trenches 7 through the gate insulating films 9; oxide films
(CVD oxide films) 12 that are formed using a CVD method to be disposed on the gate
electrode 10a and on the side wall of each of the trenches 7, and having a half-
square-pipe shape; non-doped poly-silicon layers 13 that are disposed on of the CVD
oxide films 12, respectively and that are not oxidized; a source electrode 15 that is
disposed spanning across the n* source layers 11, the p* contact layers 14, and the non-
doped poly-silicon layers 13; and a drain electrode 16 that is disposed on a back face of
the n* semiconductor substrate 1 that is the n* drain layer. The source electrode 15 cor-
responds to the main electrode.

Each boundary between the gate electrodes 10a and the CVD oxide films 12 is ata
position that is closer to the n* semiconductor substrate 1 than each boundary between
the n* source layers 11 and the source electrode 15. Each boundary between the gate
electrodes 10a and the CVD oxide films 12 is also positioned between a lower area of
the n* source layers 11 disposed on the side wall of the p-channel layer 3 and the
surface of the n* source layers 11. In a vicinity of the surface of each of the gate
electrodes 10a, the gate electrodes 10a and the n* source layers 11 respectively

disposed on a side wall of the p-channel layer 3 are adjacent to each other across each
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of the gate insulating films 9.

The CVD oxide films 12 form a recess 18 at an upper portion of each of the trenches
7. The CVD oxide films 12 are made of Low Pressure TetraEthOxySilane (LP-TEOS)
films or HTO films. Preferably, the thickness of the CVD oxide films is 0.1 mi-
crometer or more and 0.3 micrometer or less. The reason for this is as follows. A
breakdown voltage of 60 V can be secured between the gate and the source by setting
the film thickness of the CVD oxide films 12 to be 0.1 micrometer or more. Generation
of a void in the CVD oxide films 12 can be prevented by setting the thickness of the
CVD oxide films 12 to be 0.3 micrometer or less.

The non-doped poly-silicon layers 13 are disposed in the recesses 18 that are formed
on the CVD oxide films 12 in the trenches 7, to fill gaps formed by the recesses 18 and
the surfaces of the n* source layers 11. Thereby, a void that is generated in the source
electrode 15 by the gaps (the recesses 18) formed by the CVD oxide films 12 is
suppressed. By suppressing this void, the bonding strength of wire bonded to the
source electrode 15 may be prevented from getting weak. An increase in the resistance
of the source electrode 15 caused by a void may be prevented.

(Second Embodiment)

Figs. 2 to 15 are cross-sectional views of a MOS-driven semiconductor device,
depicting a manufacturing method according to a second embodiment of the present
invention. In Figs. 2 to 15, the manufacturing method is depicted in order of processes.
The manufacturing method of the MOS-driven semiconductor device depicted in Fig. 1
will be described herein using an n-channel MOSFET assuming the first conducting
type to be n type.

An n epitaxial layer (n- epi layer) 2 having a resistivity of, for example, 1.0 Ohm*cm
or less is formed on an n* semiconductor substrate 1 to be used as a drain layer. The n-
epi layer 2 may be formed after forming on the n* semiconductor substrate 1, an n*
buffer layer having a higher impurity concentration than that of the n* semiconductor
substrate 1. In an activated portion of the power MOSFET, an impurity is introduced
from the surface of the n- epi layer 2 and is diffused, thereby a p-channel layer 3 is
formed. At this time, the p-channel layer 3 is formed such that the diffusion depth of
the p-channel layer 3 is about 1.4 micrometer. The p-channel layer 3 is not formed in a
guard ring portion (not depicted) that is a breakdown voltage structure portion of the
power MOSFET. The thickness and the impurity concentration of the n- epi layer 2 and
the diffusion profile of the p-channel layer 3 are set according to the specification of
the breakdown voltage and the ON-resistance of a device. A buffer oxide film 4 having
a thickness of several 10 nm is formed on the entire surface of the n- epi layer 2 (Fig.
2). The buffer oxide film 4 has a function of preventing the silicon surface such as that

of the p-channel layer 3 from becoming rough at etching to pattern a nitride film
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formed on the surface of the buffer oxide film 4 at processes executed later.

A nitride film 5 is deposited on the surface of the p-channel layer 3 through the
buffer oxide film 4. The nitride film 5 is selectively etched using, for example, photo-
resist, not depicted, as a mask and thereby, is patterned. Thereby, the nitride film 5
remains on the portions that are formed with p* contact layers (Fig. 3). Photo-resist 6 is
applied and patterning of the photo-resist 6 is executed to form openings therein on the
areas to form trenches. Trenches 7 are formed by dry etching using the photo-resist 6
as a mask. Trench bottom portions 7a pass through the p-channel layer 3 to the n- epi
layer 2 (Fig. 4). The photo-resist 6 corresponds to a first mask.

The width of each of the trenches 7 may be, for example, 1.0 micrometer or less.
Preferably, each trench interval A is, for example, 0.2 micrometer or more and 0.8 mi-
crometer or less. The reason for this is that, when each interval of the trenches is less
than 0.2 micrometer, each of the intervals between the nitride film 5 that is patterned
and an end of an opening of each of the trenches 7 (the width of the surface of the n*
source layer) is not secured to be sufficiently large and therefore, electrical contact
between the n* source layers 11 and a source electrode 15 becomes incomplete. The
reason for each interval of the trenches to be 0.8 micrometer or less will be described
later. The mask pattern width B in Fig.3 is, for example, 0. Imicrometer or more and
0.7micrometer or less. Here, the reason the patterned nitride film 5 is formed before
formation of the trenches 7 is, if the patterned nitride film 5 is formed after formation
of the trenches, the nitride film 5 is formed in the trenches also and complete removal
of the nitride film 5 remaining in the trenches 7 is difficult.

The photo-resist 6 used to form the trenches 7 is removed and the nitride film 5 is
exposed. A sacrificial oxide film 8 is formed over the entire surface of the n- epi layer
2 including the trench bottom portions 7a and trench side walls 7b. Thereby, a
damaged layer produced during the formation of the trenches 7 is removed (Fig. 5).
Thereafter, the sacrificial oxide film 8 is removed (Fig. 6). At this time, the buffer
oxide film 4 that is exposed at the surface of the substrate is also removed together
with the sacrificial oxide film 8, and the buffer oxide film 4 remains only beneath the
nitride film 5. A gate insulating film (gate oxide film) 9 is formed over the entire
surface of the n- epi layer 2 including the trench bottom portions 7a and the trench side
walls 7b (Fig. 7). A doped poly-silicon 10 is deposited such that the inside of each of
the trenches 7 is completely filled (Fig. 8).

The doped poly-silicon 10 is deposited on the entire surface of the n- epi layer 2 that
is formed thereon with the p-channel layer 3. An unnecessary portion of the doped
poly-silicon 10 is removed by etching back and the remaining portions of the doped
poly-silicon 10 are used as gate electrodes 10a. At this time, the etching back is

executed until the surfaces of the gate electrodes 10a in the trenches 7 becomes deeper
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than the surface of the p-channel layer 3 by, for example, about 1 micrometer (Fig. 9).
The surfaces of the gate electrodes 10a are used as a mask for forming the n* source
layers 11 at a later process. Therefore, the etching back is executed such that the
surfaces of the gate electrodes 10a are positioned to be shallower than the diffusion
depth of the p-channel layer 3.

An impurity ion such as, for example, arsenic (As) is ion-implanted 20 in an oblique
direction using these gate electrodes 10a and the nitride film 5 formed at the process
depicted in Fig. 3, as a mask. This mask corresponds to a second mask. In this case, the
ion implantation 20 may be executed at an accelerating voltage of about 80 KeV and
with a dose of about *3*10'/cm?. The incidence angle of the oblique implantation of
the ion implantation 20 may be 7 degrees or 40 degrees (Fig. 10). This incidence angle
is an angle relative to a direction that is perpendicular to the silicon face. The ion im-
plantation 20 is not limited to being obliquely executed and may be executed in a
direction that is perpendicular to the silicon face. Because the n* source layers 11 are
formed using the gate electrodes 10a as a mask, the side face of each of the gate
electrodes 10a assuredly overlap a side face of each of the n* source layers 11.
Thereby, a channel that is a path for electron to pass through may be formed in the p-
channel layer 3 that is adjacent to the gate electrodes 10a across the gate insulating
film 9. The width of the nitride film 5 is narrower than each trench interval A and
therefore, the ion implantation 20 is also executed from the surface of the p-channel
layer 3. Thereby, the n* source layers 11 are each formed in an L-shape.

The nitride film 5 is removed. A CVD oxide film 12 is deposited to be 0.1 mi-
crometer or more and 0.3 micrometer or less thick (Fig. 11). In this deposition of the
CVD oxide film 12, the CVD oxide film 12 is deposited such that a recess 18 remains
at an upper portion of each of the trenches 7. For example, the depth from the upper
end of each of the trenches 7 to the surface of each of the gate electrodes 10a before
the deposition of the CVD oxide film 12 is about 1 micrometer. Therefore, even when
the CVD oxide film 12 is deposited to be 0.1 micrometer to 0.3 micrometer thick, the
recesses 18 remain on the CVD oxide films 12 in the trenches 7. Preferably, the CVD
oxide film 12 is an oxide film that is made of an LP-TEOS film or an HTO film, and is
formed using a thermal CVD method. The reason for this is as follows. For a plasma
oxide film, charge is present in the film and adversely affects the reliability of the film
such as variation of the threshold voltage. In contrast, for LT-TEOS film or HTO film,
the amount of charge in the film is small compared to that of a plasma oxide film and
therefore, the affect on the reliability of the film such as variation of the threshold
voltage is not problematic. The temperature may be set to be at 700 degrees C or
higher and lower than 850 degrees C and the time for the formation may be several 10

minutes, as formation conditions for depositing an LP-TEOS film or an HTO film.
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When the CVD oxide film 12 is deposited under these conditions, the diffusion profile
of each of the n* source layers 11 is not significantly affected. The formation of the
LP-TEOS film is executed under a reduced pressure of several 10 Torr.

A non-doped poly-silicon layer 13 that is not doped with any impurity source is
deposited and the recesses 18 are filled (Fig. 12). The reason a doped poly-silicon layer
that is formed being doped with an impurity source is not deposited but rather the non-
doped poly-silicon layer is deposited, is that a doped poly-silicon layer introduces
therein an impurity gas during the deposition and therefore, an impurity from the gas
becomes movable charge and degradation of the reliability such as variation of a
threshold voltage tends to occur.

The non-doped poly-silicon layer 13 is etched back and the CVD oxide film 12 that
is formed at the surface of the p-channel layer 3 is exposed (Fig. 13). The non-doped
poly-silicon layer 13 only remains in the recesses 18. No heat treatment to oxidize the
non-doped poly-silicon layer 13 is executed. The CVD oxide film 12 that is exposed is
etched back. The surface of the non-doped poly-silicon layer 13 is further etched to
planarize the surface of the semiconductor substrate (Fig. 14).

To form a p* contact layer 14 on the surface of the p-channel layer 3, an impurity ion
such as, for example, boron (B) is ion-implanted into the surface of the semiconductor
substrate. The p* contact layer 14 is formed to have an impurity concentration that is
higher than that of the p-channel layer 3 and that is lower than that of the n* source
layers 11. The accelerating voltage of the ion implantation may be about 50 KeV and
the dose thereof may be about 2*10'%/cm?. Alternatively, boron fluoride (BF,) ion may
be implanted at an accelerating voltage of about 50 keV and with a dose of about 1*10
15/cm?. Due to this ion implantation, ion is also implanted into areas of the n* source
layers 11 to form the p* contact layer 14. However, the total amount of the impurity in
the n* source layers 11 is greater compared to the amount of p-type impurity ion
implanted thereinto and therefore, the resistance of the n* source layer 11 is not
increased. Due to this ion implantation, ion to form the p* contact layer 14 is also
implanted into the non-doped poly-silicon layer 13. However, differing from the areas
in the surface of the semiconductor substrate such as the n* source layers 11, ion is
implanted only into a shallow area having a depth of, for example, 0.15 micrometer or
less of the surface layer.

The ion that is implanted by the ion implantation is activated. The activation of the
ion is executed by lamp annealing for several minutes at a heat treatment temperature
of 900 degrees C in a nitrogen gas (N») atmosphere. The arsenic ion in the n* source
layers 11 is also simultaneously activated by this annealing. The ion that is ion-
implanted into the surface layer of the non-doped poly-silicon layer 13 is also activated

by this annealing (Fig. 15). The impurity source is doped into the surface layer of the
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non-doped poly-silicon layer 13 by this annealing. However, after depositing the non-
doped poly-silicon layer 13, the impurity doped into the surface layer thereof becomes
fixed charge. Therefore, the probability that movable ion is generated in an interlayer
insulating film is very low compared to that of the doped poly-silicon. Even when ion
implantation to form the p* contact layer 14 is executed for the entire non-doped poly-
silicon layer 13, movable ion is hardly generated. As a result, even in a case where an
impurity source is doped in the non-doped poly-silicon layer 13 that is not doped with
any impurity source when deposited, after the deposition thereof, adverse effects on the
reliability of the non-doped poly-silicon layer 13 such as variation of the threshold
value are slight. In processes thereafter, no annealing process in an oxidizing at-
mosphere is executed and therefore, the non-doped poly-silicon layer 13 is not
oxidized. No annealing at 850 degrees C or higher is executed in processes after this
lamp annealing.

A source electrode 15 is formed on the surface of the p-channel layer 3. A drain
electrode 16 is formed on the back face of the n* semiconductor substrate 1 after a
back-wrapping process (Fig. 1). A protective film not depicted is deposited on a source
pad area not depicted and the surface of the n- epi layer 2 excluding gate pad areas and
thereby, the power MOSFET depicted in Fig. 1 is completed.

(Third Embodiment)

Fig. 16 is a cross-sectional view of components of a MOS-driven semiconductor
device according to a third embodiment. Fig. 17 is a cross-sectional view of the MOS-
driven semiconductor device, depicting a manufacturing method according to the third
embodiment of the present invention. In the first embodiment, the n* source layers 11
may be disposed only in the surface layers of side faces of the p-channel layer 3. In the
second embodiment, the trenches 7 may be formed using a silicon oxide film 26 as a
mask instead of the photo-resist 6 that is used as the first mask.

As depicted in Fig. 16, in the third embodiment, n* source layers 21 are disposed in
the surface layer of the side faces of the p-channel layer 3 and each have an I-shape.
The p* contact layers 14 are selectively disposed in the surface layer of the upper face
of the p-channel layer 3 and are each in contact with the n* source layers 21. Other
structures are same as those in the first embodiment (see Fig. 1).

A manufacturing method of the MOS-driven semiconductor device depicted in Fig.
16 will be described. The n- epi layer 2 and the p-channel layer 3 are first formed on
the n* semiconductor substrate 1 similarly to the second embodiment (see Figs. 1 and
2). As depicted in Fig. 17, a silicon oxide film 26 is formed instead of the photo-resist
6 (see Fig. 4) that is formed in the second embodiment. The trenches 7 are formed
using the silicon oxide film 26 as a mask. In the third embodiment, the nitride film 5 is

not formed. The silicon oxide film 26 corresponds to the first mask. Similarly to the
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second embodiment, after the damaged layer produced when the trenches 7 are formed
is removed using the sacrificial oxide film 8, the sacrificial oxide film 8 is removed
(see Figs. 5 and 6). In this case, the silicon oxide film 26 is not removed. Similarly to
the second embodiment, after the gate insulating film 9 is formed, the trenches 7 are
filled with the doped poly-silicon 10 and the doped poly-silicon 10 is etched back to be
the gate electrodes 10a (see Figs. 7 t0 9).

Arsenic (As) is ion-implanted using the silicon oxide film 26 and the gate electrodes
10a as a mask. In this ion implantation, the ion implantation is only executed for the
side face of each of the trenches. At this time, ion implantation is executed using at
least the gate electrodes 10a as a mask. The gate electrodes 10a correspond to the
second mask. Thereafter, the silicon oxide film 26 is removed by wet etching and,
similarly to the second embodiment, the CVD oxide film 12 is formed such that the
recesses 18 remain (see Fig. 11).

Similarly to the second embodiment, the recesses 18 are filled with the non-doped
poly-silicon layer 13. Similarly to the second embodiment, the non-doped poly-silicon
layer 13 and the CVD oxide film 12 are sequentially etched back. Thereafter, the non-
doped poly-silicon layer 13 is etched and thereby, the surface of the semiconductor
substrate is planarized (see Figs. 12 to 14).

Similarly to the second embodiment, boron fluoride (BF,) is ion-implanted into the
entire surface of the p-channel layer 3 that includes the CVD oxide film 12 and the
non-doped poly-silicon layer 13 and annealing is executed. Thereby, arsenic and boron
that are ion-implanted are activated and n* source layers 21 and the p* contact layer 14
are formed (Fig. 15). The source electrode 15 is formed on the surface of the p-channel
layer 3, and the drain electrode 16 is formed on the back side of the n* semiconductor
substrate 1 after a back-wrapping process. Thereby, the power MOSFET depicted in
Fig. 16 is completed.

Other manufacturing methods are same as that of the second embodiment. The above
manufacturing method is a manufacturing method obtained by partially changing the
second embodiment, and the same processes as those of the second embodiment may
be executed similarly to those of the second embodiment.

As described, even when the ion implantation to form the n* source layer 21 is only
executed for each trench side wall, the recesses 18 are formed on the gate electrodes
10a and the non-doped poly-silicon layer 13 is formed to fill the recesses 18. In
addition, the non-doped poly-silicon layer 13 is not oxidized. Thereby, the profile of
each of the diffusion layers, such as the n* source layer 21, is not varied. By filling the
recesses 18 of the trenches 7 with the non-doped poly-silicon layer 13, generation of a
void in the source electrode 15 can be prevented.

(Fourth Embodiment)
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Fig. 18 is a cross-sectional view of components of a MOS-driven semiconductor
device according to a fourth embodiment of the present invention. Figs. 19 and 20 are
cross-sectional views of the MOS-driven semiconductor device, depicting a manu-
facturing method according to the fourth embodiment of the present invention. In the
first embodiment, an insulating layer 24 that is formed by oxidizing a non-doped poly-
silicon layer may be formed instead of the non-doped poly-silicon layer 13 that is not
oxidized. In the second embodiment, the insulating layer 24 may be formed by de-
positing a non-doped poly-silicon layer as a filler 23 on the CVD oxide film 12 and
oxidizing the non-doped poly-silicon layer instead of the process of forming the non-
doped poly-silicon layer 13 on the CVD oxide film 12.

In the fourth embodiment, as depicted in Fig. 18, the inside of each of the recesses is
filled with the insulating layer 24. Other structures are same as those in the first em-
bodiment (see Fig. 1).

A manufacturing method of such a MOS-driven semiconductor device will be
described. Similarly to the second embodiment, the n- epi layer 2, the p-channel layer
3, the trenches 7, the gate insulating films 9, the gate electrodes 10a, the n* source
layers 11, the CVD oxide films 12, the recesses 18, and a non-doped poly-silicon layer
are formed on the n* semiconductor substrate 1 (see Figs. 2 to 12). In this case, the
non-doped poly-silicon layer is the fillers 23 that fill the recesses 18.

As depicted in Fig. 19, the fillers 23 and the CVD oxide film 12 are etched back
similarly to that of the second embodiment and thereby, the surface of the semi-
conductor substrate is planarized. Thereafter, as depicted in Fig. 20, the fillers 23 are
oxidized to be the insulating layer 24. In this case, the fillers 23 are polished by
chemical mechanical polishing (CMP) using the CVD oxide film 12 as a stopper. The
insulating layers 24 are formed by oxidizing the fillers 23. The surface of the semi-
conductor substrate is planarized by etching back the insulating layers 24 and the CVD
oxide film 12. Processes to be executed thereafter are executed similarly to those of the
second embodiment and thereby, the power MOSFET depicted in Fig. 18 is completed.

Other manufacturing methods are same as the second embodiment. The above manu-
facturing method is a manufacturing method obtained by partially changing the second
embodiment and the processes that are same as those of the second embodiment may
be executed similarly to those of the second embodiment.

In the fourth embodiment, the n* source layers 11 are formed using the nitride film 5
as a mask and thereby, the n* source layers 11 may be formed assuredly on the planar
surface of the p-channel layer 3. As a result, the n* source layers 11 may be brought
into stable electrical contact with the source electrode 15. In a power-MOSFET that
employs fine cells whose trench intervals A each are 0.8 micrometer or less, the n*

source layers 11 and the source electrode 15 may be assuredly in electrical contact with
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each other. A trench interval A that is less than 0.2 micrometer is currently the limit for
manufacturing apparatuses and therefore, it is desirable that the trench interval A is 0.2
micrometer or wider.

In the fourth embodiment, a process of forming the non-doped poly-silicon layer as
the fillers 23 and oxidizing the non-doped poly-silicon layer is added. Because the
profile of each of the n* source layers 11 is varied due to this process, preferably, the
MOSFET is designed taking into account in advance the effect of the variation. To
eliminate the effect on the profile of each of the n* source layers 11, preferably, the
relation between, for example, the lateral diffusion width of each of the n* source
layers 11 and the trench interval A is understood before the design of the MOSFET.

As described, in the fourth embodiment, the process of oxidizing the non-doped
poly-silicon layer is added compared to the first embodiment. Therefore, to oxidize the
non-doped poly-silicon layer, design of the MOSFET that takes into account the
influence on the profile is necessary. However, as described, the n* source layers 11
may be formed assuredly on the planar surface of the p-channel layer 3 similarly to the
first embodiment. As a result, the n* source layers 11 can be brought into stable
electrical contact with the source electrode 15.

Example

The state of the nitride film that was formed as the mask to be used to form the n*
source layers was observed. Figs. 23 and 24 are electron microscope photographs of a
silicon (Si) substrate viewed along a surface thereof. A scanning electron microscope
(SEM) was used to observe the silicon substrate. On the silicon substrate 70 depicted
in Fig. 23, trenches 72 were formed according to the above embodiments after a nitride
film 71 was formed as a mask to be used to form the n* source layers (hereinafter,
"example"). The trench interval A was 0.8 micrometer. The mask pattern width was
0.5 micrometer. For comparison, on the silicon substrate 80 depicted in Fig. 24,
trenches 82 were formed similarly to the example after a photo-resist 81 was formed as
the mask to be used to form the n* source layers (hereinafter, "comparative example").
In the comparative example, the photo-resist was a single layer of an organic material.
An anti-reflection film that prevents the reflection of light from, for example, the
silicon face was not formed. Other conditions were same as those of the example.

From the result depicted in Fig. 24, the side wall pattern of the photo-resist 81
running parallel to the trenches 82 was not a straight line in the comparative example
that used the photo-resist 81. The pattern was drawn on a photo mask into a pattern
having a constant mask pattern width. However, irregularity occurred to the mask
pattern width after patterning due to an influence of halation. The influence of the
halation became stronger and dispersion in the processing of the patterning became

more conspicuous as the trench interval A became narrower.
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In contrast, from the result depicted in Fig. 23, in the example that used the nitride
film 71 as the mask, no irregularity occurred to the mask pattern width after the
processing and the problem arising when the photo-resist was used as above could be
solved. As described, when the trench interval A was 0.8 micrometer, it was found that
occurrence of the irregularity to the mask pattern width of the nitride film 71 after the
trenches were formed could be prevented. Similarly, even when the trench interval A
was narrower than 0.8 micrometer, the nitride film 71 could be patterned.

As described, according to the first to the fourth embodiments, effects described in
the following (1) to (3) are achieved. (1) The nitride film 5 having openings that
correspond to areas to form the n* source layers 11 is formed as a mask (to be used to
form the n* source layers 11 before the trenches 7 are formed. The width of the mask is
set to be a width that is narrower than the interval between adjacent trenches 7 (trench
interval A). The n* source layers 11 are formed using, as a mask, the nitride film 5 and
the gate electrodes 10a that are formed in the trenches 7. Thereby, the n* source layers
11 may be formed assuredly on the planar surface of the p-channel layer 3. As a result,
the n* source layers 11 can be brought into stable electrical contact with the source
electrode 15. The n* source layers 11 and the source electrode 15 can be assuredly in
electrical contact with each other even in a power MOSFET that employs fine cells
whose trench interval A is narrower than 0.8 micrometer. It is desirable that the trench
interval A is 0.2 micrometer or wider.

(2) The thickness of the CVD oxide film 12 is set to be 0.1 micrometer or more and
0.3 micrometer or less. The thickness of the CVD oxide film 12 that is immediately
beneath the non-doped poly-silicon layer 13 is set to be 0.1 micrometer or more.
Thereby, the breakdown voltage between the gate and the source is set to be 60 V.
Therefore, the non-doped poly-silicon layer 13 does not need to be oxidized to secure
the breakdown voltage. The breakdown voltage of the CVD oxide film 12 is at least 6
MV/em and therefore, the breakdown voltage is 60 V when the film thickness is 0.1
micrometer or more. The rated voltage between the gate and the source of a device is
at highest 20 V. Therefore, when a breakdown voltage of 60 V is secured, the gate and
the source are not short-circuited therebetween by a surge voltage. By setting the
thickness of the CVD oxide film 12 to be 0.3 micrometer or less, generation of a void
in the CVD oxide film 12 can be suppressed.

(3) By not oxidizing the non-doped poly-silicon layer 13, the profile of each of the
diffusion layers such as the n* source layers 11 is not varied. By filling the recesses 18
of the trenches 7 with the non-doped poly-silicon layer 13, generation of a void in the
source electrode 15 can be prevented.

The present invention has been described herein taking an example of the power

MOSFET. However, the present invention may also be applied to a MOS-driven semi-
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conductor device such as an insulated gate bipolar transistor (IGBT) obtained by
replacing the n* semiconductor substrate with a p+ semiconductor substrate and using
the n* source layers 11 as the n* emitter layers in the embodiments. The MOS-driven
semiconductor device may be a p-channel semiconductor apparatus whose conducting
types are inversed to be the p and the n types respectively as the first and the second
conducting types. The recesses are formed by the oxide film formed using the CVD
method (CVD oxide film). However, not only the CVD oxide film but also an oxide
film that is formed not to include any impurity may be used.
Industrial Applicability

As described, the MOS-driven semiconductor device and the method for manu-
facturing the MOS-driven semiconductor device according to the present invention are
suitable for a semiconductor apparatus that has a trench structure.
Reference Signs List

1 n* semiconductor substrate

2 n" epi layer (n- epitaxial layer)

3 p-channel layer

4 buffer oxide film

5 nitride film

6 photo-resist

7 trench

7a trench bottom portion

7b trench side wall

8 sacrificial oxide film

9 gate insulating film

10 doped poly silicon

10a gate electrode

11 n* source layer

12 CVD oxide film

13 non-doped poly-silicon layer

14 p* contact layer

15 source electrode

16 drain electrode

18 recess
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Claims

A MOS-driven semiconductor device comprising:

a channel layer of a second conducting type that is disposed in a surface
layer of a first semiconductor layer of a first-conducting type;

a trench that passes through the channel layer to the first semiconductor
layer;

a second semiconductor layer that is of the first conducting type, is in
contact with a side wall of the trench, and selectively disposed in a
surface layer of the channel layer;

a third semiconductor layer that is of the second conducting type, is
disposed in the surface layer of the channel layer, and has an impurity
concentration that is higher than that of the channel layer and lower
than that of the second semiconductor layer;

a gate insulating film that is disposed on an inner wall of the trench;

a gate electrode that is embedded in the trench through the gate in-
sulating film, a height of a surface of the gate electrode being along a
side face of the second semiconductor layer;

an oxide film that is disposed on the gate electrode and on the side wall
of the trench, the oxide film being made of an LP-TEOS film or an
HTO film;

a non-doped poly-silicon layer that is disposed on the oxide film; and
a main electrode that is in contact with the second semiconductor layer
and the third semiconductor layer.

A manufacturing method of a MOS-driven semiconductor device,
comprising:

selectively forming a channel layer of a second conducting type in a
surface layer of a first semiconductor layer of a first conducting type;
selectively forming a nitride film on a surface of the channel layer;
forming a first mask on the nitride film and an exposed face of the
channel layer, the first mask being used to form a trench;

forming the trench that passes through the channel layer to the first
semiconductor layer, using the first mask;

removing the first mask to expose the nitride film;

forming a gate insulating film on an inner wall of the trench;
embedding a gate electrode in the trench through the gate insulating
film such that a height of a surface of the gate electrode is along a side

face of the channel layer;
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ion-implanting, in a surface layer of the channel layer and using the
gate electrode and the nitride film as a second mask, an impurity of the
first conducting type to form a second semiconductor layer that is of
the first conducting type and has an L-shape;

removing the nitride film, and forming an oxide film that is made of an
LP-TEOS film or an HTO film, such that a recess remains at an upper
portion of the trench, the recess being above the gate electrode and
extending to side walls of the trench;

forming a non-doped poly-silicon layer on the gate electrode to fill the
recess through the oxide film;

ion-implanting into the surface of the channel layer, an impurity of the
second conducting type to form a third semiconductor layer that is of
the second conducting type and has an impurity concentration that is
higher than that of the channel layer and that is lower than that of the
second semiconductor layer;

activating, by annealing, the ion-implanted impurities of the first and
the second conducting types; and

forming a main electrode that is in contact with the second semi-
conductor layer and the third semiconductor layer.

[Claim 3] The manufacturing method of a MOS-driven semiconductor device
according to claim 2, wherein a thickness of the oxide film is 0.1 mi-
crometer or more and 0.3 micrometer or less.

[Claim 4] The manufacturing method of a MOS-driven semiconductor device
according to claim 2, wherein an interval of the trench is 0.2 mi-
crometer or more and 0.8 micrometer or less.

[Claim 5] The manufacturing method of a MOS-driven semiconductor device
according to claim 2, wherein a heat treatment process to oxidize and
insulate the non-doped poly-silicon layer is not performed.

[Claim 6] A manufacturing method of a MOS-driven semiconductor device,
comprising:
selectively forming a channel layer of a second conducting type in a
surface layer of a first semiconductor layer of a first conducting type;
forming a first mask on a surface of the channel layer, the first mask
being used to form a trench;
forming the trench that passes through the channel layer to the first
semiconductor layer, using the first mask;
forming a gate insulating film on an inner wall of the trench;

embedding a gate electrode in the trench through the gate insulating
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film such that a height of a surface of the gate electrode is along a side
face of the channel layer;

ion-implanting, in a side wall of the trench and using at least the gate
electrode as a second mask, an impurity of the first conducting type to
form a second semiconductor layer that is of the first conducting type;
forming an oxide film that is made of an LP-TEOS film or an HTO
film, such that a recess remains at an upper portion of the trench, the
recess being above the gate electrode and extending to side walls of the
trench;

filling the recess and forming a non-doped poly-silicon layer on the
gate electrode through the oxide film;

ion-implanting into the surface of the channel layer, an impurity of the
second conducting type to form a third semiconductor layer that is of
the second conducting type and has an impurity concentration that is
higher than that of the channel layer and that is lower than that of the
second semiconductor layer;

activating, by annealing, the ion-implanted impurities of the first and
the second conducting types; and

forming a main electrode that is in contact with the second semi-
conductor layer and the third semiconductor layer, wherein

a heat treatment process to oxidize and insulate the non-doped poly-
silicon layer is not performed.

[Claim 7] The manufacturing method of a MOS-driven semiconductor device
according to claim 6, wherein a thickness of the oxide film is 0.1 mi-
crometer or more and 0.3 micrometer or less.

[Claim 8] A manufacturing method of a MOS-driven semiconductor device,
comprising:
selectively forming a channel layer of a second conducting type in a
surface layer of a first semiconductor layer of a first conducting type;
selectively forming a nitride film on a surface of the channel layer;
forming a first mask on the nitride film and an exposed face of the
channel layer, the first mask being used to form a trench;
forming the trench that passes through the channel layer to the first
semiconductor layer, using the first mask;
removing the first mask to expose the nitride film;
forming a gate insulating film on an inner wall of the trench;
embedding a gate electrode in the trench through the gate insulating

film such that a height of a surface of the gate electrode is along a side
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face of the channel layer;

ion-implanting, in a surface layer of the channel layer and using the
gate electrode and the nitride film as a second mask, an impurity of the
first conducting type to form a second semiconductor layer that is of
the first conducting type and has an L-shape;

removing the nitride film, and forming an insulation film on the gate
electrode;

ion-implanting into the surface of the channel layer an impurity of the
second conducting type to form a third semiconductor layer that is of
the second conducting type and has an impurity concentration that is
higher than that of the channel layer and that is lower than that of the
second semiconductor layer;

activating, by annealing, the ion-implanted impurities of the first and
the second conducting types; and

forming a main electrode that is in contact with the second semi-
conductor layer and the third semiconductor layer.

The manufacturing method of a MOS-driven semiconductor device
according to claim 8, wherein the forming the insulation film on the
gate electrode includes:

forming an oxide film being made of an LP-TEOS film or an HTO film
such that a recess remains at an upper portion of the trench, the recess
being above the gate electrode and extending to side walls of the
trench;

forming a non-doped poly-silicon layer on the gate electrode to fill up
the recess through the oxide film; and

a heat treatment process to oxidize and insulate the non-doped poly-
silicon layer.

The manufacturing method of a MOS-driven semiconductor device
according to claim 8, wherein an interval of the trench is 0.2 mi-

crometer or more and 0.8 micrometer or less.
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