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The manufacture of a semiconductor device, for example a MOSFET of the trench-gate type of an IGBT, includes the steps of:
forming at a surface (10a) of a semiconductor body (10) a first mask (53) having a window (53a), forming a localised region (15b) to
improve the blocking/breakdown characteristics by introducing dopant (62) into a first area of the body via the window (53a), and thermally
diffusing the localised region (15b) to a greater depth than the channel-accommodating region (15a) before providing a source region (13).
A second mask (51) of complementary window pattern to the first mask (53) is formed by providing a differently-etchable material (51°) in
the first window (53a) and then etch-removing the first mask (53) while leaving the second mask (51) at the first area where the localised
region (15b) is present. The source region (13) is formed by introducing dopant (63) of the opposite conductivity type into a second area
at the complementary window (51a) while masking the first area with the second mask (51). The gate (11) is provided at the second area,
adjacent to where a body region (15) provides the channel-accommodating region (15a). A source electrode (23) is provided after removing
the second mask (51), so as to contact the opposite conductivity type regions (13, 15b) at the surface (10a).
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DESCRIPTION

MANUFACTURE OF FIELD-EFFECT SEMICONDUCTOR DEVICES.

This invention relates to methods of manufacturing a semiconductor
device, for example an insulated-gate field-effect power transistor (commonly
termed a "MOSFET") of the trench-gate type or an insulated-gate bipolar
transistor (commonly termed an "IGBT") of the trench-gate type. The invention

also relates to semiconductor devices manufactured by such a method.

Such semiconductor devices are known having source and drain regions
of a first conductivity type separated by a channel-accommodating region to
which a gate is capacitively coupled, and a localised region of an opposite,
second conductivity type which is adjacent to the source region, is contacted by
the source electrode and is more highly doped than the channel-
accommodating region. A trench-gate device having these features is known
from United States patent US-A-5,665,619. The method of manufacture
disclosed in US-A-5,665,619 includes the steps of:

(a) forming at a surface of a semiconductor body a first mask having a
first window at a first area of the body where the trench-gate and channel are to
be formed,

(b) etching the trench into the body at the first window and providing a
gate in the trench where a body region provides the channel-accommodating
region,

(c) forming over the gate in the trench a second mask of complementary
window pattern to the first mask by providing a differently-etchable material from
the first mask in the first window and then etch-removing the first mask from the
body while leaving the second mask at the first area where the trench-gate is
present, a second area of the body region being present at the complementary
window in the second mask,

(d) forming the source region by introducing dopant of the first

conductivity type into a part of the second area while masking the trench-gate
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with the second mask,

(e) forming a localised region of an opposite, second conductivity type by
introducing dopant of the second conductivity type into the second area via the
second window while masking the trench-gate with the second mask, the
localised region being formed to a depth in the body shallower than that of the
channel-accommodating region, and

(f) providing a source electrode on the body while masking the
trench-gate with the second mask, so as to contact the source region of the first
conductivity type and the localised region of the second conductivity type at the
surface.

This first mask in US-A-5,665,619 comprises silicon nitride. The silicon
nitride masks underlying areas of the body against oxidation while oxidising an
upper part of the gate material to form the second mask of silicon dioxide. This
second mask in US-A-5,665,619 forms a protruding step to the adjacent surface
of the body. This step configuration is used in a self-aligned manner to form a
further mask with a smaller window, by providing sidewall extensions on the
second mask at the step. Thus, US-A-5665,619 describes a modified
extension of a previously-known trench-gate self-alignment technique, for
example as disclosed in United States patent US-A-5,378,655 (our reference
PHB 33836). The whole contents of both US-A-5,378,655 and US-A-5,665,619
are hereby incorporated herein as reference material. By using such
self-aligned techniques as disclosed in US-A-5,378,655 and US-A-5,665,619,
the number of photolithographic masking steps which require separate
alignment can be reduced and compact cellular device structures can be
formed.

The localised region of the second conductivity type which is contacted
by the source electrode is formed in US-A-5,665,619 by dopant introduction via
the second window, i.e. at a late stage in the manufacturing process. Its
localised lateral dimensions are defined by overdoping with a higher dopant
concentration of the first conductivity type which is introduced into a part only of
the second area in step (d) to form the source region. Thus, the localised region

is formed to a shallower depth in the body than both the source region and the
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channel-accommodating region. However, in terms of improving the
blocking/breakdown characteristics of the device, it is advantageous for the
localised region to be formed to a greater depth in the body than the

channel-accommodating region.

it is an aim of the present invention to modify the manufacture of
trench-gate semiconductor devices and other field-effect semiconductor devices
so as to permit the use of self-aligned masking techniques while permitting the
localised region to be formed to a greater depth in the body than the
channel-accommodating region.

According to the present invention there is provided a method of
manufacture wherein the localised region of the second conductivity type is
formed by dopant introduction via a first window in a first mask and is thermally
diffused to a greater depth in the body than the region accommodating the
channel, after which a second mask of complementary window pattern to the
first mask is formed by providing a differently-etchable material in the first
window and then etch-removing the first mask while leaving the second mask
where the localised region is present. The source region is formed by dopant
introduction into a second area present at the complementary window in the
second mask, i.e. after thermally diffusing the localised region, and the gate is
also provided in this second area where the channel-accommodating region is
provided.

Thus, the method as set out in Claim 1 includes quite different steps (a)
to (f) from the method steps of US-A-5,665,619, and its localised region which is
formed via the first window in the first mask can be diffused deep into the body
before forming the source region. In this way a deep opposite-conductivity-type
region can be obtained to improve the blocking/breakdown characteristics of the
device, without adversely affecting the doping profile of the subsequently-
formed source region.

Various preferred features in accordance with the invention are set out in
Claims 2 to 10.

It is particularly advantageous to use a self-aligned technique within the
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complementary window of the second mask in order to define the relative
extents of the gate, the source region and its contact area. Various options are
possible. In one preferred form, sidewall extensions of the second mask may
be provided at the second window so as to form a further mask having a smaller
window than the second window, and the gate may then be provided at this
smaller window.

The gate may advantageously be a trench-gate present in a trench in a
major surface, with the channel accomodated adjacent to a sidewall of the
trench. The trench may be etched into the body at a/the smaller window to
extend through a body region and into an underiying drain region. The dopant
forming the source region may, for example, be implanted via the
complementary window, or it may, for example, be diffused from doped sidewall
extensions provided at the second window.

However, the gate may be a planar-gate which extends over an area of a
major surface where the channel is accomodated. In this case, the source
region may be formed in step (d) after providing the gate in step (e) so that the
gate may form a composite mask pattern with the second mask when
introducing the source dopant of the first conductivity type into a part only of the
second area. In the case of a trench-gate, it is also possible to form the source

region in step (d) after providing the gate in step (e).

These and other features in accordance with the invention will now be
illustrated in embodiments of the present invention, now to be described with
reference to the accompanying diagrammatic drawings, in which:

Figures 1 to 9 are a cross-sectional view of transistor cell areas of a
semiconductor body at successive stages in the manufacture of a trench-gate
semiconductor device by one example of a method in accordance with the
present invention.

Figures 10 and 11 are a cross-sectional view of the transistor cell areas
of Figures 7 to 9 at successive stages in a modified manufacturing method
which is also in accordance with the invention; and

Figure 12 is a cross-sectional view of the transistor cell areas of an
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accumulation-mode device which can also be manufactured by a modified
manufacturing method in accordance with the invention.

It should be noted that all the Figures are diagrammatic and not drawn to
scale. Relative dimensions and proportions of parts of the drawings have been
shown exaggerated or reduced in size, for the sake of clarity and convenience
in the drawings. The same reference signs are generally used to refer to
corresponding or similar features in different stages of manufacture and in

modified and different embodiments.

Figure 9 illustrates an exemplary embodiment of a power semiconductor
device having a trench-gate 11. In the transistor cell areas of this device,
source and drain regions 13 and 14, respectively, of a first conductivity type
(n-type in this example) are separated by a channel-accommodating region 15a
of the opposite second conductivity type (i.e. p-type in this example). The gate
11 is present in a trench 20 which extends through the regions 13 and 15 into
an underlying portion of the drain region 14. The application of a voltage signal
to the gate 11 in the on-state of the device serves in known manner for inducing
a conduction channel 12 in the region 15a and for controlling current flow in this
conduction channel 12 between the source and drain regions 13 and 14. The
source region 13 is contacted by a source electrode 23 at the top major surface
10a of the device body. By way of example, Figure 9 shows a vertical device
structure in which the region 14 may be a drain-drift region formed by an
epitaxial layer of high resistivity on a substrate region 14a of high conductivity.
This substrate region 14a may be of the same conductivity type (n-type in this
example) as the region 14 to provide a vertical MOSFET, or it may be of
opposite conductivity type (p-type in this example) to provide a vertical IGBT.
The substrate region 14a is contacted at the bottom major surface 10b of the
device body by an electrode 24, called the drain electrode in the case of a
MOSFET and called the anode electrode in the case of an IGBT.

The device of Figure 9 is manufactured by a method which, in overview
of Figures 1 to 4, includes the steps of:

(a) forming at a surface 10a of a semiconductor body 10 (typically of
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silicon) a first mask 53 having a first window 53a at a first area of the body 15,

(b) forming a localised region 15b of the second conductivity type (p-type
in this example) by introducing dopant 62 of the second conductivity type
(acceptor dopant in this example) into the first area via the first window 53a, the
localised region 15b being thermally diffused to a greater depth in the body 10
than the depth of the channel-accommodating region 15a,

(c) forming a second mask 51 of complementary window pattern to the
first mask 53 by providing a differently-etchable material 51' from the first mask
53 in the first window 53a and then etch-removing the first mask 53 while
leaving the second mask 51 at the first area where the localised region 15b is
present, a second area of the body being present at the complementary window
51a in the second mask 51, and

(d) forming the source region 13 by introducing dopant 63 of the first
conductivity type (donor dopant in this example) into the second area after
thermally diffusing the localised region 15b as in step (b) and while masking the
first area with the second mask 51.

Thereafter, as illustrated in Figures 5 to 9, the gate 11 is provided at a
part of the second area adjacent to where the body region 15 provides the
channel-accommodating region 15a. The source electrode 23 is provided on
the body 10 after removing the second mask 51, so as to contact the source
region 13 and the localised region 15b at the surface 10a. In the embodiment
illustrated in Figures 5 to 9, the mask 51 forms part of an extended mask 52
during the formation of the trench-gate 11. Thus, in overview of Figures 5 to 9,
the following steps are carried out:

« forming the source region 13 by introducing its dopant 63 via the
window 51a,

« forming the mask 52 having its window 52a which is smaller than the
window 51a, by providing sidewall extensions 52b on the mask 51 at the
window 51a,

« etching a trench 20 into the body 10 at the window 52a to extend
through the source region 13 and through a remaining thickness of the region

15 and into an underlying portion of the drain region 14,
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« providing the gate 11 in the trench 20 where the remaining thickness of
the region 15 provides the channel-accommodating region 15a, and

» then providing the source electrode 23 after removing the mask 52.

By using self-aligned techniques in this embodiment, the requirement for
separate mask alignments is reduced. Indeed the embodiment of Figures 1 to 9
is so designed that all the subsequent masking steps in the cell areas shown in
Figures 1 to 9 can be determined in a self-aligned manner from the mask 53.
This self-alignment permits a reproduceable close spacing of the transistor cells,
for example with a cell pitch of less than 5um, i.e. with a spacing of 5um (or
less) between centres of the neighbouring trenches 20.

No plan view of the cellular layout geometry is shown in the drawings,
because the method of Figures 1 to 9 may be used for quite different, known
cell geometries. Thus, for example the celis may have a square geometry as
illustrated in Figure 14 of US-A-5,378,655, or they may have a close-packed
hexagonal geometry or an elongate stripe geometry. In each case, the trench
20 (with its gate 11) extends around the boundary of each cell. Figure 9 shows
only a few cells, but typically the device comprises many hundreds of these
parallel cells between the electrodes 23 and 24. The active cellular area of the
device may be bounded around the periphery of the body 10 by various known
peripheral termination schemes (also not shown). Such schemes normally
include the formation of a thick field-oxide layer at the peripheral area of the
body surface 10a, before the transistor cell fabrication steps. Furthermore,
various known circuits (such as gate-control circuits) may be integrated with the
device in an area of the body 10, between the active cellular area and the
peripheral termination scheme. Typically their circuit elements may be
fabricated with their own layout in this circuit area using some of the same
masking and doping steps as are used for the transistor cells.

Successive stages in the fabrication of the transistor cells will now be
described with reference to Figures 1 to 9.

Figure 1 illustrates the stage in which a p-type region 15 is formed in the
low-doped n-type region 14 by implantation of acceptor dopant ions 61, for

example of boron. The implantation is carried out in the active cellular area
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defined by a window in the thick field-oxide layer (not shown). A thin layer 16 of
silicon dioxide may be grown on the silicon body surface 10a, before implanting
the ions 61. A heating step may be carried out to diffuse subsequently the
implanted dopant to the desired depth for the region 15 in the body 10. This
heating step may be delayed until after the ion implantation illustrated in Figure
2.

As illustrated in Figure 2, the mask 53 is now provided at the body
surface 10a. This mask 53 can be formed by depositing silicon dioxide material,
and by subsequently opening the windows 53a using known photolithographic
and etching techniques. In this way, a well defined window-edge can be formed
for the mask 53. The thickness of the oxide mask 53 may be, for example, in
the range of 1um to 1.5 um. The mask 53 has an hexagonal grid pattern if an
hexgonal geometry device is being manufactured. The windows 53a are
narrow, for example 0.5um to 1um in width.

As illustrated in Figure 2, a second ion implantation of, for example,
boron ions 62 is now carried out. The oxide mask 53 is of sufficient thickness to
mask the underlying silicon body 10 against this implantation, except at the
windows 53a. The implanted dopant forms localised, highly-doped p-type
regions 15b. These localised regions 15b can be formed from the surface 10a
to a greater depth in the body 10 than the previously-implanted body region 15.
Thus, a heating step may now be carried out to anneal and diffuse the
implanted dopant 62 (and 61) to the desired depth.

A thick layer 51’ of silicon nitride is then deposited, for example using a
known plasma enhanced chemical vapour deposition (PECVD) technique. As
illustrated in Figure 3, the silicon nitride is deposited in a thickness sufficient to
fill the narrow windows 53a in the oxide mask 53 and to have a substantially flat
upper surface. The silicon nitride layer 51 is then subjected to a known
planarizing etch treatment, which etches back the layer 51’ to re-expose the
oxide mask 53 and to leave narrow silicon nitride pillars in the windows 53a.
These silicon nitride pillars form the next mask 51 of Figure 4.

The structure of Figure 4 is obtained by etching away the oxide mask 53,

using a known selective etching treatment for silicon dioxide. The narrow silicon
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nitride pillars then remain at the body surface 10a as the mask 51. The mask
51 has, for example, an hexagonal dot pattern in the case of hexagonal
geometry cells. An implantation of donor ions 63 (for example of phosphorous
or arsenic) is now carried out to form the n-type regions 13 at the windows 51a.
The silicon nitride mask 51 is of sufficient thickness to mask the underlying
surface areas against this implantation of the donor ions 63. A heating
treatment for annealing this donor implant may be carried out either now or later.
As can be seen from Figure 4, the n-type regions 13 are self-aligned in
complementary manner with the deep p-type regions 15b.

A second silicon nitride layer 52’ is now deposited over the layer structure
at the surface 10a. The thickness of the layer 52’ may be, for example, about
1um or more. Because the windows 51a are much wider than the narrow pillars
forming the mask 51, the upper surface of the layer 52' is not flat but has a
contour determined by the upstanding pillars forming the mask 51 at the surface
10a. The silicon nitride layer 52’ is now uniformly etched back until central
areas of the original windows 51a are once again opened. Due to the
contoured upper surface of the layer 52, this general etch-back leaves side wall
extensions 52b on the first silicon nitride mask 51. Thus, the resulting second
silicon nitride mask 52 comprises the first mask 51 together with self-aligned
spacers formed by these side wall extensions 52b. The resulting smaller
window 52a of the mask 52 is therefore self-aligned with the wide windows 51a
of the mask 51. This composite structure of the mask 52 is illustrated in Figure
6.

Also as illustrated in Figure 6, an etching treatment is how carried out at
the smaller windows 52a of the mask 52. When a thin oxide layer 16 is present,
this oxide layer 16 is first etched away at the windows 52a. A silicon-etching
treatment is then carried out in known manner, using the silicon nitride mask 52
as an etchant mask, to etch the trench 20 into the silicon body 10 at the
windows 52a. The resulting structure is illustrated in Figure 6. The layout
pattern of the trench 20 is an hexagonal grid when an hexgonal geometry
device is being manufactured.

The silicon body 10 is now subjected to an oxidation treatment to form a
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thin silicon dioxide layer 17 on the exposed faces of the trench 20, while using
the silicon nitride mask 52 to mask the silicon surface 10a against oxidation.

The gate 11 may now be formed in known manner, by depositing doped
polycrystalline silicon and then etching back the deposited polycrystalline silicon
until it is left only in the trench 20. The resulting structure is illustrated in Figure
7.

As illustrated in Figure 8, a further oxidation treatment is now carried out
to form an insulating overlayer 18 of silicon dioxide over the gate 11 in the
trench 20. The silicon nitride mask 52 protects against oxidation the silicon
body areas between the trenches 20. The insulating overlayer 18 is formed by
oxidation of the upper part of the deposited silicon material in the trench 20.
The resulting structure is illustrated in Figure 8.

The silicon nitride mask 52 is now removed by etching, and the silicon
surface 10a is exposed between the insulating overlayers 18 on the trench-
gates 11. When a thin oxide layer 16 is present on the body surface 10a, an
oxide etching treatment is carried out to remove the layer 16. This oxide etching
treatment also thins slightly the insulating overlayers 18.

Electrode material (for example aluminium) is now deposited toprovide
the source electrode 23 in contact with the exposed silicon surface 10a of the
regions 13 and 15. The lateral extent of the source electrode 23 is determined in
known manner by photolithographic definition and etching of the deposited
electrode material. As illustrated in Figure 9, the source electrode 23 can also
extend on the insulating overlayer 18 over the trench-gate 11. The higher
doping of the region 15b as provided by the implanted dopant 62 forms a good
contact region at the silicon body surface 10a. Furthermore, this contact region
15b extends to a greater depth in the body 10 than does the channel-
accommodating region 15a, so improving the blocking characteristics of the pn
junction between regions 14 and 15. In the device structure illustrated in Figure
9, this region 15b extends slightly deeper in the body 10 than does the trench
20.

It will be evident that many variations and modifications are possible

within the scope of the present invention. In Figure 8 the insulating overlayer 18
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is formed by oxidising the upper part of the deposited silicon material in the
trench 20. However, an insulating overlayer 18 over the trench-gate 11 may be
formed by deposition of an insulating material which is differentially etchable
with respect to the material of the mask 52. In the process described for Figures
2 to 7, the mask 53 was of silicon dioxide, whereas the masks 51 and 52 were
of silicon nitride. However, modified methods are possible in which the mask 53
is of silicon nitride, whereas one or more of the subsequently deposited layers
51" and/or 52’ is of silicon dioxide. Furthermore, instead of using silicon nitride
and silicon dioxide, other differently-etchable materials may be used for the
masks 51, 52 and 53.

In the form illustrated in Figures 4 to 8, the mask 51 and the sidewall
extensions 52b are of the same material, and both 51 and 52b are removed
together after the Figure 8 stage. In this process, the source region 13 is
formed in Figure 4, and the trench is etched in Figure 6. This process sequence
is particularly convenient. However, modifications are possible. Thus, Figures
10 and 11 illustrate a modification in which the mask 51 and the sidewall
extensions 52 are of differently-etchable materials, and the source region 13 is
formed later. In this case, no implantation with ions 63 is carried out at the
Figure 4 stage, and so the structure of Figure 10 (without any source region 13)
is obtained at the Figure 7 stage. Thereafter the sidewall extensions 52 are
etched away to leave the mask 51 at the surface 10a, and the Figure 11
implantation of dopant ions 63 is then carried out to form the source region 13.
Figure 11 shows the insulating overlayer 18 present during this dopant ion
implantation. This overlayer 18 may be formed by depositing a differently-
etchable insulating material at the windows 52a, and then etching away the
sidewall extensions 52. If it is desired to form the insulating overlayer 18 of
Figure 11 by oxidation of the gate material, then the sidewall extensions 52 may
be of silicon nitride, and the mask 51 may comprise, for example, a multiple
layer of silicon dioxide and silicon nitride.

Instead of the unmasked etching of the insulating layer 52' of Figure 5 to
give the self-aligned extensions 52b, a separately aligned photolithographic and

etching step may be carried out to form the window 52a of the mask 52. This
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separately aligned window 52a may then be used for etching the trench 20 as in
Figure 6. In this case, the mask 51 may be thinner. In a particular embodiment,
this thinner mask 51 may, for example, be formed as silicon dioxide by oxidation
at the window 53a in a silicon nitride first mask 53; the insulating layer 52' may
be of deposited silicon dioxide; and the insulating overlayer 18 on the gate 11
may be of silicon nitride formed at the windows 52a by deposition and etch-
planarisation.

Usually the conductive gate 11 is formed of doped polycrystalline silicon
as described above. However, other known gate technologies may be used in
particular devices. Thus, for example, other materials may be used for the gate,
such as a thin metal layer which forms a silicide with the polycrystalline silicon
material. Alternatively, the whole gate 11 may be of a metal instead of
polycrystalline silicon. Figure 9 illustrates the preferred situation of an insulated
gate structure, in which the conductive gate 11 is capacitively coupled to the
channel-accommodating region 15a by a dielectric layer 17. However, sc-called
Schottky gate technologies may alternatively be used in which a gate dielectric
layer 17 is absent and the conductive gate 11 is of a metal that forms a Schottky
barrier with the low-doped channel-accommodating region 15a. The Schottky
gate 11 is capacitively coupled to the channel-accommodating region 15a by the
depletion layer present at the Schottky barrier.

Figure 1 illustrates the provision of the doping profile for the channel-
accommodating region 15a (by implantation of dopant ions 61) before forming
the deep localised region 15b. However, the doping profile for the channel-
accommodating region 15a may be provided later, for example by implantation
of dopant ions 61 at the window 51a in the mask 51 of Figure 4. This
implantation of the dopant ions 61 at the window 51a in the mask 51 may be
carried out before implanting the source dopant ions 63 of Figure 4.

The use of separate doses of ions 61 and 62 is advantageous to
optimise the doping profiles for the channel-accommodating region 15a and the
deep localised region 15b. However, modified processes may be acceptable for
some devices in which, for example, a doped epitaxial layer is deposited to form

the body region 15 in Figure 1. In a less advantageous form, the doping profile
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for the channel-accommodating region 15a may even be formed by implantation
of the ions 62 through a thinner mask 53, while the deeper region 15b is formed
simultaneously by the ions 62 implanted at the windows 53a.

The particular example described above is an n-channel device, in which
the regions 13 and 14 are of n-type conductivity, the regions 15a and 15b are of
p-type, and an electron inversion channel 12 is induced in the region 15a by the
gate 11. By using opposite conductivity type dopants, a p-channel device can
be manufactured by a method in accordance with the invention, in which the
regions 13 and 14 are of p-type conductivity, the regions 15a and 15b are of
n-type, and a hole inversion channel 12 is induced in the region 15a by the gate
11.

Similar processing steps may be wused to manufacture an
accummulation-mode device in accordance with the invention. Figure 12
illustrates a particular example of such a device of the p-channel type, having
p-type source and drain regions 13 and 14a, a p-type channel-accommodating
region 15a, and an n-type deep localised region 15b. In this particular example
the channel-accommodating region 15a may be provided by a low-doped (P-)
p-type epitaxial layer which forms the body region 15 of the same conductivity
type as the source and drain regions 13 and 14a. This epitaxial layer 15 may be
grown on a slightly higher doped (P) p-type epitaxial layer 14' on a highly doped
(P+) p-type substrate region 14a. The n-type deep localised region 15b is
formed by implantation and thermal diffusion similar to Figures 2 and 3, but
extending through the depth of the p-type layer 15 and into the p-type layer 14".
The p-type source regions 13 and trench-gates 11 are formed by similar stages
to Figures 4 to 8. N-type polycrystalline silicon may be used for the gate 11. In
operation, a hole accummulation channel 12 is induced in the region 15a by the
gate 11 in the on-state. The low-doped p-type regions 15a may be wholly
depleted in the off-state, by depletion layers from the deep n-type region 15b
and from the insulated gate 11. The retention of the layer 14' between the high
doped substrate region 14a and the bottom of the region 15b provides a high
avalanche break-down voltage for the p-n junction formed by the region 15b. A

simplier device structure and process is also possible in which a single
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low-doped p-type epitaxial layer replaces the two layers 14' and 15.

From reading the present disclosure, other variations and modifications
will be apparent to persons skilled in the art. Such variations and modifications
may involve equivalent and other features which are already known in the
design, manufacture and use of semiconductor devices and component parts
thereof and which may be used instead of or in addition to features already
described herein.

Although Claims have been formulated in this Application to particular
combinations of features, it should be understood that the scope of the
disclosure of the present invention also includes any novel feature or any novel
combination of features disclosed herein either explicitly or implicitly or any
generalisation thereof, whether or not it relates to the same invention as
presently claimed in any Claim and whether or not it mitigates any or all of the
same technical problems as does the present invention.

The Applicants hereby give notice that new Claims may be formulated to
any such features and/or combinations of such features during the prosecution
of the present Application or of any further Application derived therefrom.

Thus, for example, as well as the invention set out in the following
Claims, there is also disclosed a method of manufacturing a trench-gate
semiconductor device having source and drain regions 13 and 14 of a first
conductivity type which are separated by a channel-accommodating region 15a
adjacent to the trench-gate 11, including the steps of:

(a) forming at a surface 10a of a semiconductor body 10 a mask 51
having a window 51a at an area in the body,

(b) forming the source region 13 by introducing dopant of the first
conductivity type into this area via the window 51a,

(c) forming on the body 10 a mask 52 having a window 52a smaller than
the window 51a by providing sidewall extensions 52b on the mask 51 at the
window 51a,

(d) etching a trench 20 into the body 10 at the window 52a to extend
through a body region 15 and into an underlying portion of the drain region 14,

(e) depositing material in the trench 20 to provide a gate 11adjacent to
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where the channel 12 is accommodated, and
(f) providing a source electrode 23 on the body 10 after removing the
mask 52 so as to expose the source region 13 and an adjacent surface region

of the body for contacting by the source electrode 23.
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CLAIMS

1. A method of manufacturing a field-effect semiconductor device
having source and drain regions of a first conductivity type separated by a
channel-accommodating region to which a gate is capacitively coupled, and a
localised region of an opposite, second conductivity type which is adjacent to
the source region, is contacted by the source electrode and is more highly
doped than the channel-accommodating region, including the steps of:

(a) forming at a surface of a semiconductor body a first mask having a
first window at a first area of the body,

(b) forming a localised region of an opposite, second conductivity type by
introducing dopant of the second conductivity type into the first area via the first
window, the localised region being thermally diffused to a depth in the body
greater than that for the channel-accommodating region,

(c) forming on the body a second mask of complementary window
pattern to the first mask by providing a differently-etchable material from the first
mask in the first window and then etch-removing the first mask from the body
while leaving the second mask at the first area where the localised region is
present, a second area of the body being present at the complementary window
in the second mask,

(d) forming the source region by introducing dopant of the first
conductivity type into at least a part of the second area after thermally diffusing
the localised region as in step (b) and while masking the first area with the
second mask,

(e) providing the gate at another part of the second area adjacent to
where a region of the body accommodates the channel, and

(f) depositing electrode material to provide a source electrode on the
body after removing the second mask, so as to contact the source region of the
first conductivity type and the localised region of the second conductivity type at

the surface.

2. A method as claimed in Claim 1, wherein the step (e) includes
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etching a trench into the body at the second area to extend through a body
region and into an underlying portion of the drain region, and depositing gate

material in the french.

3. A method as claimed in Claim 2, wherein the step (d) is carried out
before the step (e), and the trench is etched in step (e) through the source
region and through an underlying thickness of the body region and so into the

underlying portion of the drain region.

4. A method as claimed in Claim 1, or 2, or 3, wherein silicon nitride
and silicon dioxide are used as differently-etchable materials for the first and

second masks.

5. A method as claimed in Claim 4, wherein the first mask comprises
silicon dioxide, whereas silicon nitride is deposited and planarised to form the

second mask of silicon nitride at the first window in the first mask in step (c).

6. A method as claimed in Claim 5, wherein the gate is provided in a
trench etched after the steps (a) to (c) by steps in which silicon nitride is
deposited at the window in the second mask and etched back to form sidewall
extensions of the second mask which narrow the window at the second area,
and the trench is then etched into the body at the narrowed window to extend
through a body region and into an underlying portion of the drain region, after
which the gate is provided in the trench where the body region provides the

channel-accommodating region.

7. A method as claimed in Claim 6, wherein the gate is provided by
silicon material deposited on an insulating layer in the trench, and an upper part
of the deposited silicon material in the trench is oxidised to provide an insulating
overlayer over the gate while using the silicon nitride of the sidewall extensions

and of the first mask to mask underlying areas of the body against oxidation.
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8. A method as claimed in any one of the preceding claims, wherein
an insulating overlayer is formed over the gate before step (f), and the source
electrode provided in step (f) extends on the surface of the body and also on the

insulating overlayer.

9. A method as claimed in any one of the preceding claims, wherein
the channel-accommodating region is a region is of an opposite, second

conductivity type.

10. A method as claimed in Claim 9, wherein dopant of the second
conductivity type is introduced into the body before step (b) to provide the region

of the second conductivity type for the channel-accommodating region.



1/4

[raner = v 4 y 4 y 2 > 2 - - > . :

g
::“4//// / // FIG. 1

b

_a
PR R AR A
AN NN

TP
T

|
f I 51"
53\}‘ / \ \l A \ 2&/—53a

& ~ y 4 v - v & —

%E?PW)
MHy// //// /// FIG. 3




x v 2 Z z z x

pll4 ar
7 // // 6.

63
5la 51 13 16 51  bla
10aﬁ\ l—} / m / I—/(L] \ _: 51
== 72
15# |_—15h

- - - v = - v a z x

it //// /// /// ) FIG. 5

sz~ ("1 /] //‘:7.\ V% /fl 1

13— =< (@ e %

20— \

15—/ \ % L —15p
I/

777




WO 99/54919 PCT/IB99/00538

11—~<
17— M
14—
i/
|

14a—j’/ FIG. 7

52 16 18 13 52 18
18 _—10a
11 7 o
17 Eizi ’i;;: f:j: “‘I~——15a

4
1 10
VIR

4 | FIG. 8

\ | 10b

15b 15a 17

13 152 18 20 13 11 15 18 23
11 g(N“L)
20 7' ! 7/ i ) 7' 158(P)
1; 2 // // 15b(P+)
14— 17

Y. 2 .

A \\\\g\(\\‘\f\ LN NNINN \\2\‘N
18b 24 15a




WO 99/54919 PCT/1B99/00538

4/4
5
2 5% 5(1 52 G 5(1 520
Wy Wea W
'/‘ / \,/‘ \108

“7// //// / FiG. 10

Cbib bl

11— / Ya: 10a
20 \—15 15
1 /| // 152( )

17— £

N

14

\"//////// FiG. 11

15b(N+) 13P+) 15b(N+) 13(P4) 23 18 13(P+)

NN

AN RSNSENSNNNSN N
15a(P-) 15b(N+)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

