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(57) Abstract: An oxide film (24) is formed on a surface of a semiconductor substrate (2). A resist layer (26) is formed on a surface
of the oxide film. The resist layer has an opening (26a). A tapered trench (24a) is formed by forming wall surfaces (24b) of the oxide
film by etching a part of the oxide film exposed from the opening. The wall surfaces are inclined with respect to a direction perpen -
dicular to the surtace of the semiconductor substrate and reach the surface of the semiconductor substrate. A space between the wall
surfaces is narrowed towards the surface of the semiconductor substrate. The semiconductor substrate is etched through the tapered
trench. A width of the tapered trench formed on the surface of the semiconductor substrate is smaller than a width of the opening
formed in the resist layer.
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FORMING METHOD FOR FINE-WIDTH TRENCH AND SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a forming method for a fine-width trench and a

semiconductor device.

2. Description of Relafed Art
| [0002j When a trench is formed in a surfabe of é semiconductor substrate, resist is
a‘pplied‘ on a surface of the semiconductor substrate, and exposure processing and
development processing are‘performed. These processing form a resist léyer in which an
opening is formed. By etching the semiconductor substrate through the resist layer, a
trénch is fdrm_ed in the surface of the semiconductor substrate. A minimum dimension of
a width of the opening that is able to be formed in the resist layer is decided depending on
a semiconductor manufacturing apparatus. In general, it is not possible to form a ‘tr‘ench
having a finer width than the minimum dimension that is manageable by the
éemiconductof manufacturing appératus. | _ _

[0003] Japanese Patent Application Publicle-liion No. 2010-62477 (JP 2010-62477
A) discloses a technology fof forming a fine-width trench. According to the technology, a
fine-width trench is formed as follows. (1).An ox.ide film is formed on a surféce of a
semiconductor substrate, and a nitride film is formed on the oxide film. (2) A resist layer,
in which a plurality of openings is formed, is formed on the nitride film by using a
photolithography method. The plurality of openings corresponds to a plurality of gate
electrode trenches, which will be formed in (4) described later. (3) The nitride film and
the oxide filrﬁ is etchéd through the resist layer in which the plurality of openings is
formed. A plurality of openings is formed in the nitride film and the oxide film. The

plurality of openings in the nitride film and the oxide film correspond to the gate electrode
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trenches that will be formed in (4) described below. (4) Anisotropic etching of the
semiconductor substrate is performed through the nitride film and the oxide film in which
the plurality of openings is formed. Thus, a plurality of trenches is formed. These -
trenches are the gate electrode trenches and different from the fine-width trenches
described herein. A width of the openings formed in (2) described above is equal to or
larger‘than the minimum dimension manageable by the semiconductor manufacturing
apparatus. (5) Thermal treatment is performed to form a thermal oxidation film. Then,
a thermal oxidation film is formed on a wall surface of the gate electrode trench. - On the
wall surface of the gate electrode trench, an interface between the semiconductor substrate
and the oxide film is exposed. Oxidation of the semiconductor substrate progresses from
the exposed interface along the interface between the semiconductor substfate and the
oxide film, and a bird’s beak of the thermal oxidation film is formed. A§ a result, a
thermal oxidation film is formed, which extends from the wall surface of the gate electrode
trench towards the neighboring gate electrode trench along the surface. of the
semiconductor substrate. The bird’s beak does not extend ’to an intermediate range
between the neighboring gate electrode trenches, and the thermal oxidation film is not
formed in the intermediate range between the neighboring gate electrode trenches. The
thermal oxidation film becomes a part of an interlayer insulation film that insulates a
trench gate electrode and a surface electrode from each other. - (6) The semicondubtor

substrate  is etched through the thermal oxidation film. Then, a range between the

)
¢

neighboring thermal oxidation films is etched, thereby forming a trench.

[0004] In the foregoing, where a width of the semiconductor substrate that is

- present between the neighboring gate electrode trenches is A, an extending distance of the

bird’s beak formed from the wall surface of the gate electrode trench along the interfaée

between the semiconductor substrate and the thermal oxidation film is B, and a width of a

range where the thermal oxidation film is not formed within the intermediate range
between the neighboring gate electrode trenches is C, a relation of C = A - 2 x B holds.
According to the above method, it is possible to form a trench with an opening width of C

between the neighboring gate electrode trenches.
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[0005] In the foregoing method, a dimension managed by a photolithography
method is A, which has a minimum dimension because of the. limit of the apparatus.
Accqrding to the above method, it is possible to form a trench with an opeﬁing width
smaller than the dimension A by-a dimension of 2 x B. By setting the dimension A to the
rﬁinimurﬁ dimension manageable on the apparatus side, it is possible to form a trench
having an opening width finer than the minimum dimension. |

[0006] In the foregoing, a trench with an opening width finer than the minimum
dimension manageable on the apparatus side is formed by using the length B of the bird’s
beak that extends from the wall surface of the gate electrode\trench along the interface
between the semiconductor substrate and the oxide film. However, it is difficult to
control -the extending distance B of the bird’s beak to a fixed value When the
semiconductor devices having the fine-width trenches by using the foregoing method are

mass-produced, opening widths.(v)f the fine-width trenches are greatly varied.

SUMMARY OF THE INVENTION

[0007] The invention provides a fdrming method for ‘a fine-width trench and a
semiconductor device, in which variation of an opening width of the fine-width trénch is
suppre\ssed when the semiconductor device having the fine-width trench is mass-produced.

[0008] A forming method for a fine-width trench according to.a first aspect of the
invention includes: forming an ox1de film on a surface of a semiconductor substrate;
formmg a resist layer on a surface of the oxide film, the resist layer having an opening;
forming a tapered trench by forming wall surfaces of the oxide film by etching a part of the
oxide filrﬁ expdsed from the opening; and etching the semiconductor substrate through the
tapered trench. The wall surfaées 1s inclined with respect to a direction perpendicular td
the surface of the semiconductor substrate and reaches the surface of the semiconductor
su‘bstrate.l A spaée between the wall surfaces. 1s narrowed towards the surface of .the
semiconductor substrate. A width of the tapered trench formed on the surface of the

semiconductor substrate is smaller than a width of the opening formed in the resist layer.
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[0009]  The forming method according to the first aspect of the invention may
further include forming wall surfaces of the tapered trench by etching the semiconductor
substrate, the wall surfaces of the tapered trench beiné'inclined with respect to the
direction perpendicular fo the surface of the semiconductor substrate. Furthermore, a
space between the wall surfaces of the tapered trench may be narrowed towards a deep
portion of the semiconductor substrate. |

[0010] Thé forming method according to the first aspect of the invention may
further include forming wall surfaces of the tapered trench by etching the semiéondﬁctor
substrate, the wall surfaces of the tapered trench being perpendicular to the surface of the
semiconductor..

[0011] = The forming method accbrding to the first aspect of the invention may
further include narroWing a width of the tapered trench formed on the surface of the
semiconductor substrate to be smaller than a minimum width of an opening that is formed
in the resist layer by using a photolithography method.

[0012] A semiconductor device according to a second aspect of the invention -
includes a plurality of trench gate electrodes, a source region or an emitter region, a base
layer, a contact region, an oxide film énd a surface electrode. The source region or the
emitter region is positioned between the trench gate electrodes and -formed at a position
facing a surface of a semiconductor substrate. The base layer is positioned between the
trench gate electrodes ﬁﬁd formed at a position separated from the surface of the
semiconductor substrate by the source region or the emitter region. The contact region is
formed in a part of the base layer. The oxide film covers surfaces of the trench gate
electrodes and has an opening that is formed between the trench gate electrodes. The
surface electrode is in contact with.the source region or the emitter region’through the
opening, and is insulated from the trench gate electrodes by the oxide film. Wall surfaces
of the opening of the oxide film formed between the trench gate electrodes are inclined
with respect to a direction perpendicular to the surface of the semiconductor substrate. A
space between the wall surfaces is narrowed towards the source region or the emitter

region. A trench is formed to reach the contact region from the opening of the oxide film
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and passes through the source region or the emitter region. The trench is filled with- the
surface electrode.

[0013] In the second aspect, when the semiconductor device is unipolar, it may be
cohsidered that the semiconductor device includes the source region. When the
semiconductor device of the second aspect is bipolar, it may be considered that the
semiconductor device includes the emitter -region. In the semiconductor device of the
second aspect, the opening is formed in the oxide film, and the opening is defined by the
wall surfaces that are inclined so. that the space between the v;/all surfaces is narrowed
towards the source région or the emittér region. Siﬁce the_ trench is formed in the surface
of the semiéonduétor substrate while‘ masking the semiconductor substrate by the abové:
oxide film, it is possible to maké the fine_ trerich filled with the surface electrode. In short,
af:cording to the semiconductor device of the second aspect, it is possible to achieve a fine
opening width of the trench formed in the surface of the semiconductor substrate. For
example, it is possible to achieve a“flin(:r opening width of the trench than the minimum
opening width that is able to be formed. in the resist layer by using the ‘photolithography

method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] - Features, advant'ages, and technical and industrial significance of
exemplary émbOdiménts' of the invention/VWil‘l be described'belov'v with reference to the
accompanying drawings, in which 1i'ke’ numerals denote iiké elements, and wherein:

| FIG. 1 shows a first step of a .manufa(.:turing' process of a semiconductor device

according to a first example of the invention;

FIG. 2 shows a second step of the manufacturing process of the semiconductor device
accqrding to the first example;

FIG. 3 .shoiv_s a third step of the manufacturing process of the semiconductor device
according to the first example;

FIG. 4 shows a fourth step of the manufacturing process of the semiconductor device

according to the first example;
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FIG. 5 shows a fifth step of the mahufacturing process of the semiconductor device
according to the first example;

FIG. 6 shows a sixth step of the manufacturing process of the semiconductor device

. according to the first example;

FIG. 7 shows a seventh step of the manufacturing process of the semiconductor
device according to the first example;

FIG. 8 shows an eighth step of the manufaciuring process of the semiconductor
device according to the first example;

FIG. 9 shows a ninth step of the manufacturing process of the semiconductor device
accofdirtg to the first example; |

FIG. 10 shows a tenth step of the manufacturing process of the semiconductor device
according to the first example, and also shows a sectional view of the semiconductor
device according to the first example;

FIG. 11 shows‘a sectional view of a semiconductor device according to -a second
example of the invention;

FIG. 12 shows a sectional view of a semiconductor device according to a third
example of the invention; |

FIG. 13 shows a sectional view of a semiconductor device accordihg to a fourth-
example of the invention;

FIG. 1’4. shows a sectional view of a semjconductor device in a case where a contact
trench is formed Without carrying out mi‘niaturizing processing for an opening width
according to the examples of the inventidn; and

FIG. 15 shows a sectional view of a semiconductor device for showing a problem

when a manufacturing method in F1G. 14 is used.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] Listed below are main characteristics of examples explained later.

Technical elements described below are independent from each other, and technical utility

is obtained by each of or various combinations of the technical elements. (Characteristic
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1) A contact trench having a fine width is formed between nelghbormg trench gate -

'electrodes. (Characteristic 2) A source region and a source electrode are formed on a

surface side, and a drain layer and a drain electrode. are formed on a back side, thereby
structuring a trench gate electrode-type vertical MOS. (Characteristic 3) An emitter
region and an emitter electrode are formed on a surface side, and a co}lecfor layer and a
collector. electrode -are formed on a back side, thereby structuring a trench gate
electrode-type vertical IGBT. ~ (Characteristic 4) A semiconductor substrate is formed of
SiC. | | |
[0016] A semiconductor device according to a first example has a structure
shown in FIG. 10, and is a MOS in which resistance between-a source region 4 and a drain
layer 10'is éhanged by using a trench gate electrode 22. Contact trenches 28 are formed,
which pass through the source region 4 and reach contact regions 14.  An opening width

C of the contact trenches 28 is smaller than a minimum opening width that can be made in

. a resist layer by using a photolithography method. Therefore, a distance between -

neighboring trench gate electrodes 22, 22 is reduced compared to a case of a related art.
[0017] A manufacturing method is expl'ained"with reference to FIG. 1 to FIG. 10.
[0018]  FIG. 1 shows a first step of a manufacturing process for a semiconductor

device according to the first example of the invention. In this step, a SiC substrate 2 is

‘prepared, which contains n-fype impurity at a concentration suitable for a drift layer 8.

FIG. 2 shows a second step of the manufacturing process for the semicdh‘ductor device
according to the first example. In this step, p-type impurity is implanted deeply from a
surface of the substrate 2 to form a base layer 6, n-type impurity is implanted shallowly
from the surface of the substrate 2 to form a source layer 4, and n-type impurity‘_ is
implanted from a back surface of the substrate 2 to form a drain layer 10. The drift layer
8 is at a depth where no impurity is implanted. FIG. 3 shows a third step of the
mén'ufacturing process for the semiconductor device according to the ﬁrst example. In
this‘ step, resist is applied on the surface of the substrate 2, and the resist is’exposed and
then developed by using a mask (not shown), thereby forlﬁin.g a resist layer 12 in whiéh

openings 12a are formed. Next, p-type impurity is implanted in a state where the
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substrate 2 is masked by the resist layer 12 in which the openings 12a are formed, thereby
forming contact regions 14. The base layer 6 has a low impurity concentration in which
an inversion layef will be formed at a position that faces the trench gate electrode 22
describe_d later. .Thé base layer 6 does not come into ohmic contact with a source
electrode 30 described later. The contact regions 14 have an impurity concentration that

comes into ohmic contact with the source electrode 30. After p-type impurity is

“implanted into the contact regions 14, the resist layer 12 is removed, thermal treatment of

the semiconductor substrate is carried out to activate the implanted impurity. At this

stage, activation of the impurity is completed, and it is thus no longer necessary to conduct

high-temperature thermal treatment thereafter. According to:the manufacturing method

of this example, it is possible to prevent deteriorafion of a thermal oxidation film and’
polysilicon described later due to exposure to thermal treatment.

[0019] FIG. 4 shows a fourth step of the manufaéturipg process for the
semiconductor device according to the first example. In t'his‘step, resist is applied on the
surface of the substrate 2, and the resist is exposed and theﬁ developed by using a mask.
(not shown), thereby forming.a resist léyer 16 in which ope'nings 16a are formed. Next,
anisotropic etching is cérried out on the substrate 2 through the resist layer 16 in which the
openings 16a are formed, and gate electrode trenches 18 are formed at the positions of the
openings 16a. The gate electrode trenches 18 pass through the source layer 4 and the
base layer 6, and reach the drift layer 8. The mask for forming the openings 12a.shown in
FiG. 3 and a mask for. form_ihg the openings 16a shown in FIG. 4 are different from each
other. However, as alignment is achieved by using marking for positioning, a positional
relation, in which the opening 16a is positioned between the neighboring openings 12a,
12a, is obtained. 'The gate electrode trench 18 is formed betweén the neighboring contact
regions 14, 14. FIG. 5 shows a’ fifth :st.ep of the manufacturing process for the
semiconductor device according to the first-example..- In this step, the resist layer 16
shown in FIC. 4 is removed, and thermal treatment of the substrate 2 is carried dut:\ Th.us,

the thermal oxidation film (SiO,) 20 is formed on the surface of the substrate 2, and wall

.surfaces and bottom surfaces of the gate electrode trenches 18.
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[0020] FIG. | 6 shows a sixth step of the manufacturing process - for the
semiconductor device according to the first example. In this step, polysilicon is deposited
on an upper surface of the substrate 2. The polysilicon is also deposited inside the gate
electrode trenches 18. The polysilicon is deposited until the polysilicon deposited inside
the trenches 18 become highef than the surface of the substrate 2. Next, a surface of the
polysilicon is etched, and the thermal oxidation film 20 formed on the surface of the
substrate 2 is exposed. Thus, the section shown in FIG. 6 is obtained. An.inside of the
trenches 18 is filled with the polysilicon 22, the wall surfaces and bottom surfaces of which
are covered by the thermal oxidation film 20. The surface of the‘polyéilicon 22 is leveled
with the surface of the thermal oxidation film 20. Polysilicon 22 functions as the trench
gate electrodes 22.

[0021] = FIG. 7 shows a seventh step of the manufacturing process for the
éemiconductor device according to the first example. In this step, an oxide film (SiOy) 24
is deposited across surfaces of the tﬁermal oxidation film 20 and the polysilicon 22. The
~thermal oxidation film 20 becomes a part of the oxide film 24. The oxide film 24 forméd
at this stage becomes an interlayer insulation film of the éompleted semiconductor d_evice.
The interlayer insulation film is required to have a function of protecting the polysilicon 22
from a shock of bonding a wire to the surface of the semicbnductor dev.ice, and is thus
needed to be formed thick. Next, resist is applied on a surface of the oxide film 24, and
the resist is exposed and then developed by uéing a mask (not shown), thereby forming a
resist layer 26 in which openings 26a are formed. The openings 26a are used for forming
tﬁe contact trenches 28 described later. In order to reduce a size of the semicondﬁctor
device by narrowing a space between the neighboring gate electrode trenches 18, 18,
narrowing an openin'g'width of the contact trench is advantageous.  However, a minimum
width of the opening 26a that is ablé to be formed by a photolithography method is
restricted depending on a manufaéturing apparatus and so on, and is not able to be 0.8 um
or smaller in the case of this example.._ A width A of the opening 26a shown in FIG. 7 is~
0.8 um. Nevertheless, in this example, the contact trenches 28 with an opening width of

0.8 um or smaller are formed in way described below.
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| [0022] FIG. 8 shows an eighth step ‘of the manufacturing process for the
semiconductor device according to the first example. In this step, the oxide film 24 is.
etched through the resist layer 26 in which the openings 26a are formed. The oxide film
24 exposed in the openings 26a is etched. The etching con\ductcd_’ at this stage is. dry
etching that is carried out under etching conditions to incline wall surfaces 24b that define
trenches 24a formed by the etching. An inclination angle of the wall surfaces 24b is

controllable by adjusting préssure of atmospheric gaé during the dry etching, ion

- acceleration voltage used for the etching, or conditions for deposition on wall surfaces,

which happens accompanied by etching (for example, deposition easily happens on the
Wa]l surfaces when a ratio of a carboﬂ in gas is:sincreased). The wall surfaces 24b are
inclined so that a spa‘cé between the wall surfaces 24b (in other words, a width of the
trench 24a) is narrowed towards the substfate 2. As a result, the width of the trench 24a
becomes the smallest at the deepest point that is in contact with the substrate 2. The
maximum opening width A of the trench 24a is equal to the width of the .opening 26a of
the resist ‘layer 26, and is adjusted to the minimum width (0.8 um in the first example)
achievable by the photollthography method as stated earlier. © On the contrary, a minimum
width (a width at a point in contact with the substrate 2) C of the trench 24a is smaller than
A because the wall surfaces 24b are inclined. When a width of the inclined wall surface

24b is B, a relation of C = A - 2 x B holds. ~ As stated beloW, the oxide film 24 serves as a

‘mask when etching the substrate 2. A width of openings formed in the mask is C stated

above. The opening width C is smaller than the minimum width A achievable by the
photolithography method, and is not achievable by the photolithography method. In this
example, the fine opening width C, which cannot be achieved by the photolithography
method, is achieved by making the wall surfaces 24b inclined. The oxide film 24 serves
as an interlayer insulation film when then semiconductor device is completed. As stated
above, the interlayer insulation film needs to be thick. Since the oxide film 24 is thick,/a
distance of B explained above becomes long even if the inclination angle of the wall
surface 24b is small. It is possible to yminiaturize‘ an obening width by the inclined wall

surfaces 24b.  When the oxide film 24 is thick, it is necessary to make the resist layer 26
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thick as the resist layer 26 covers the oxide film 24 in areas except the openings, and
protects the oxide film 24 frbm the etching. The minimum opening width A that can be
formed in the thick rfasist layer 26 tends to be large. Therefore, it is highly necessary to
miniaturize the opening width by the inclined wall s'urfaces 24b.

[0023]  FIG. 9 shows a ninth step of the manufacturing process for the -
semiconductor device according to the first example. In this step, anisotropic etching is
carried out on the surface of the semiconductor substrate 2 through the oxide film 24 in
which the operiings 24a are formed. As aresult, the‘trenches 28 are formed in the surface

of the semiconductor substrate 2.  Etching is carried out until the trenches 28 pass through

the source layer 4 and reach the contact regions 14. Trenches formed in the substrate 2 at

this stage are referred to as the contact trenches 28. = The ope.ning width of the contact
trenches 28 on the surface of the substrate 2 is C, and is finer than the minimum opening
width achievable by the photolithography method. In this example, the contact trenches
28 ‘are formed by performing etching under etching conditions by which wall surfaces
perpendicular to the sufface of the substrate‘ 2 are obtained. As stated later, etching
conditions to incline wall surfaces that define the contact trenches may be used. In any |
cése, the opehing width C of the contact trenches 28 on fhe surface of the substrate 2 is
miniaturized. Therefore, a distance between the trench gate electrod¢s 22, 22 is reduced,
thereby reducing a size of the semiconductor device. ~As evident from FIG. 7 and FIG. 8,
a residual range of the oxide film 24 ié restricted ny the resist layer 26, and forming ranges
of the contact trenches 28 are restricted by the openings \24a of the oxide film 24.. In shdrt,
the residual range of the oxide film 24 and the forming positions of the contact trenches 28
are- restricted by the same resist layer 26. The residual range o\f oxide film 24 and
existence positions of the contact trenches 28 are self-aligned, and thé positional relation
between the residual range of oxide film 24 and the existence positions of the contact
trenches 28 is maintained fixed acéurately. | .I

[0024] FIG. 10 shows a tenth step of the manufacturing process for the
semiconductor device ‘according to the first example, and also shows a sectional view of

the semiconductor device according to the first example. - In this step, the electrode 30 is
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deposi_ted on the surface side of the substrate 2, and an electrode 32 is deposited on a back
side of the substrate 2. Thus, a vertical MOS using the trench gate éleétrodes 22 is
‘ob.tained. The surface electrode 30 becomes a source electrode and the back electrode 32
becomes a drain electrode. Since the contact trenches 28 are formed, the source region 4 ,
is in direct contact with the source el_éctrode 30, and the base layer 6 is in contact with the
source electrode 30 through fhe contact regions 14.

[0025] FIG. 14. and FIG. 15 show sectional view of a semiconductor device in a |
case where contact trenches are formed without performing the miniaturizing processing
for .ﬁn opening width according to the first example of the invention. In short, FIG. 14

and FIG. 15 show a case where the a resist léyer 70, in which openings 70a for forming

‘contact trenches are formed, is formed directly on a surface of a substrate 2 (a case where

the oxide film 24 shown in FIG. 7 is not used). In this case, an opening width of the
contact trenqh 78 is not miniaturized. When widths of thé openings 12a (openings that
decide forming rangés of the contact regions 14) shown in’FIG.' 3 and the openings 70a
(openings that decjde forming ranges of contact trenches 78) shown in FIG. 14 are both a |
minimum dimension, regions are forrﬁed in which a surface electrode (30 in FIG. 10)
comes into direct contact with the base layer.6 without the contact regions. 14, because of
misalignment between the openings-12a and the openings 70a. When no potential is
applied to trench gate electrodes.22-and a MOS fs off, a depletion: layer expands upwardly
and downwardly from a pn interface of the base layer 6 and the drift layer 8. Bféakdown
voltage of the MOS is ensured by the deplefibn layer. In the case where there are regions

where the surface electrode 30 is in direct contact with the base layer 6 without the contact

regions 14, when the depletion layer expanded in the base layer 6 reaches the surface

electrode 30, the depletion layer no longer expands. Therefore, necessary breakdown
voltage.may ﬁot be ensured. Meanwhile, when the miniaturi_ziﬁg processing shown in
FIG. 8 to FIG. 10 is employed, it is possible to form the contact trenches 28 within fhe
forming ranges of the contaét regions 14, and the regions where the surface electrode 30 is

in direct contact with the base layer 6 without the contact regions 14 are not formed.
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Therefore, it is possible to expand the depletion layer in a wide range of the base layer 6
and necéssary breakdown voltage. is ensured easily. |

[0026] (Second examble) In a second example, as shown in FIG. 11, a substrate 2
is étched under conditions by which wall surfaces 38a that define contact trenches 38 are
inclined, thereby forming the contact trenches 38. According to the second example,
forming ranges of contact regions 14 are miniaturized. Theréfore, it is possible to reduce
a size of a semiconductor device further. - In the case of FIG. 11, when a manufacturing
method is used, in which impurity is i.mplantéd ian a base layer 6 by using the contact
trenches 38 to form the contact regions 14, it is impossible to sufficiently reduce resistance .
between the surface 'elee’irodle 30 and thé éontact region 14. In this example, a
maﬁufacturing method is used, in which the contact regions 14 are formed in advance and
the contact trenches 38 that reach the contact regions 14 are formed. Therefore, it is
possible to sufficienﬂy.reduce resistance betweeﬁ the surface eleétrode 30 and the contact
region 14. Normally, in the case where the contact regions 14 are formed first and
etching is carried but thereafter, impuri'ty implanted into the contacf r'egions ‘14‘ is dispersed
by thermal treatmeht conducted after the contact régions 14 are formed, and formation
ranges of the contact regions 14 are thus expanded. When the contact regions 14 come
close to gate electrode trenches 18, thresilold voltage of a MOS becomes unstable.-
Therefore, in this embodiment, SiC is used for the semiconductor substrate 2, and Al is
implanted to obtain the .contac.t regioné 14. In this case, Al implanted into the contact
regions 14 is not dispersed thereafter, and the formation ranges of the contact regions 14
are not‘expanded. Hence, it is possible to “prevent fluctuation of threshold voltage of a
MOS. A width F2 of the base layér 6 and the contact region. 14, which separate the
source electrode 30 and the trench gate electrode 22 from each other, affects br¢akdown
voltage of a MOS.. Compared to a width F1 shown in FIG. 10, it is obvious that F1 < F2.
In. short, breakdown voltage of the second éxample shown in FIG. 11 i§ ,higher than
breakdown voltage of the first example shown in FIG. 10. In the first example, in order
to ensure the same breakdown voltage as the second example, the distance F1 shown in

FIG. 10 has to be increased to F2, and it is required to increase a space between the
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neighboring trench gate eleetrodes. For the same breakdown voltage, the space between
the neighboring trench gate electrodes is miniaturized more in the second example than lhe
first example. - With a semiconductor device according to the secon.d example, a "space
between the trench gate electrodes is miniaturized. Therefore, it is possible to
mass-produce a MOS in which contact resistance between a surface electrode and the
contact region is low and fluctuation range of threshold voltahge is Small.

[0027] (Third example) As shown in FIG. 12, contact trenches 58 may be formed
under conditions by which Both horizontal tiottom surface 58b and inclined wall surfaces
58a are formed. Even if there is the bottom surface 58b, advantages explained in the
second -example ate obtained as long as a relation is maintaineFi, in which a contact area
between the pair of inclined wall suifaces 58a and a contact region 14 is larger than a
contact area between the bottom surface 58b the contact i_egion 14. |

[0028] (Fourth example) As showri in FIG. 13, with a technology of forming
inclined wall surfaces 24b in an oxide film 24, it is possible to obiain a relation in whicli a
width E of an upper surface 24c of the oxide film 24 is smaller than a width D of a trench
18. In this case, it is possible to reduce a size of a semiconductor device even more.

.[0029] Although the examples of the technology disclosed herein have been
explained in detail, these examples are for illustrative purposes only. The invention
includes various. modifications and changes made in the specific examples illustrated

above. For example, a p-type collector layer may be used instead of the n-type drain

layer 10. In such a case, the source layer 4 becomes an emitter layer, and an IGBT is

formed. In the ca.se of an IGBT, an n-type buffer layer may be placed between the n-type
drift layer 8 and the p-type collector layer 10. Also, the impurity implant'ation process for
forming the contact regions 14 shown in FIG. 3 may not be carried out between FIG. 2 and
FIG. 4, and the process may'proceed to the step shown in FIG. 7 without forming thel
contact regions 14. In this case,-impurity is implanted in the contact regions 14 by\usingﬁ

the openings 26a. Thereafter, the processing of FIG. 8 and after is carried out to form the

“contact trenches 28. With this manufacturing method, positions of the contact regions 14

and the contact trenches 28 are restricted by the same openings 26a, and it is possible to
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mass-produce a semiconductor device with a stable positional relationship between the

contact regions 14 and the contact trenches 28.
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CLAIMS:

1. A forming method for a fine-width trench, comprising:

forming an oxide filr_h on a surface of a semiconductor substraté;

forming a resist layer on a surface of the oxide film, the resist layer having an
opening; |

forming a tapered trench by forming wall surfaces of the bxide film by etching a part
of the oxide film exposed from the opening; the wall surfaces being inclined with respect
to a direction ‘perpe'ndicular to the sufface of the. semiconductor substrate and reaching the
surface of the semiconductor substrate, and. a space between the wall surfaces being
ﬁarrowed towards the surface of the semiconductor substrate;.and

etching the sémiconducto: substrate through the tapered trench, wherein

a width of the tapered trench fdrméd on the surface‘ of ’the semiconductor substrate is

smaller than a width of the opening formed in the resist layer.

2. The forming method for the fine-width trench according tb claim i, further
cofnprising
| forming wall surfaces of the tapered trench by etching the Semiconductor substrate,
the wall surfaces of the tépered trench being inélined with respect to the direction
perpendicular to the surface of the semiconductor substrate, wherein ‘
a space between the. wall surfaces of the tapered trench is narrowed towards a deep

portion of the semiconductor substrate.

3. The forming. methold for the fine-width trench according to claim 1, further
comprising | |

forming'wall surfaces of the tapered trench by etching the semiconductor substraté,
the wall surfaces of the tapered trench being perpendicular to the sﬁr.face of the

semiconductor.
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4. The forming method for the fine-width trench according to claims 1 to 3, further
comprising '
narrowing a width of the tapered' trench formed on the surface of the sémiconductor
substrate to be smaller than a minimum width of an opening that is formed in the resist

layer by using a photolithography method.

5. A semiconductor device comprising:

a plurality of french gate eleqtrodés;

a source region or an emitter region that is positioned between the trench gate
electrodes and formed at a position facing a surface of a semiconductor substrate;.

a base layer that is positibned between the trench gate electrodes and forméd at a
position separated from the surface of the semiconductor s‘ubstrate by the source fegion'or '
the emitter region; o

a contact region formed in a part of the base layer;

an oxide film that covers surfaces of the trench gate electrodes and has an opening
that is formed between the trench gate electrodes; and

a surface eiectrode that is in contact with the source region or the emittér region
through the opening, and is insulated from the trench gate electrodes by the oxide film,
wherein

wall surfaces of the opening of the oxide film formed between the trench gate
electrodes are inclined with respect to a direction perpendicular to the surface of the
semiconductor substrate,

a space between the Wali surfaces is narrowed towards the source region or the
emitter region,

. atrench is formed to reach the contact region from the opening of the oxide film and
passes thrdugh the source region or the emitter region, and

the trench is filled with the surface electrode.
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