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Description

[0001] The present invention generally relates to meth-
ods of manufacturing a semiconductor device and par-
ticularly, but not exclusively, to methods of manufacturing
a semiconductor device having a field effect transistor
with a heterojunction. Japanese Laid-Open Patent Pub-
lication No. 2003-318398 discloses an exemplary meth-
od of manufacturing a field effect transistor. In that tran-
sistor, an N--type polycrystal silicon region is formed and
adjoined to a main surface of a semiconductor substrate,
wherein an epitaxial region of an N--type silicon carbide
is formed on an N+-type silicon carbide substrate. The
epitaxial region and the N--type polycrystal silicon region
collectively form a heterojunction. Further, a gate elec-
trode is formed adjacent to a junction portion of the epi-
taxial region and the N--type polycrystal silicon region
using a gate insulating film.
[0002] Further, a method of manufacturing a semicon-
ductor device is known from EP 1 519 419 A1.
[0003] The N--type polycrystal silicon region is con-
nected to a source electrode. Further, a drain electrode
is formed at an underside of the N+-type silicon carbide
substrate.
[0004] Such a semiconductor device functions as a
switch of a field effect transistor by controlling an electri-
cal potential of the gate electrode when the source elec-
trode is grounded to apply a predetermined positive elec-
trical potential to the drain electrode. That is, when the
gate electrode is grounded, a reverse bias is applied to
the heterojunction of the N’-type polycrystal silicon region
and the epitaxial region such that the current does not
flow between the drain and source electrodes. However,
when a predetermined positive voltage is applied to the
gate electrode, a gate electrical field affects the hetero-
junction interface of the N--type polycrystal silicon region
and the epitaxial region. Further, the thickness of an en-
ergy barrier formed by the heterojunction surface of the
gate oxide film interface becomes thinner. As such, the
current flows between the drain electrode and the source
electrode.
[0005] In addition, the above semiconductor device us-
es the heterojunction portion as a control channel for
blocking and conducting the current. Also, the length of
the channel depends on the thickness of a hetero barrier,
thereby obtaining a low resistance conduction character-
istic. As such, a lower resistance conduction can be ob-
tained as the intensity of the gate electrical field becomes
greater in the heterojunction interface of the N--type poly-
crystal silicon region and the epitaxial region where the
gate electrode is adjoined using the gate insulating film.
[0006] In the above semiconductor device, the hetero
semiconductor region is etched by using a dry etching
method and the like. Further, the gate insulating film is
formed at a side surface thereof to form a driving point
where the hetero semiconductor region, the semiconduc-
tor substrate and the gate insulating film are adjoined.
However, damage caused by etching remains on the

driving point to thereby hinder the driving power of the
transistor. This makes it very difficult to reduce imped-
ance in a switching element of the transistor.
[0007] It is an aim of the present invention to address
this issue and to improve upon known technology. Other
aims and advantages of the invention will become ap-
parent from the following description, claims and draw-
ings.
[0008] Aspects of the invention therefore provide
methods as claimed in the appended claims. With the
methods according to the invention, the driving point of
the semiconductor device is formed at a region unaffect-
ed by the etching damage caused when forming the
trench. Therefore, the driving power of the semiconductor
device can be improved to thereby reduce impedance.
[0009] The present invention will now be described, by
way of example only, with reference to the accompanying
drawings in which:

Fig. 1 is a cross-sectional view of a semiconductor
device constructed in accordance with an example;

Figs. 2a to 2k are cross-sectional views for illustrat-
ing a method of manufacturing a semiconductor de-
vice constructed in accordance with the first exam-
ple;

Fig. 3 is a cross-sectional view of a semiconductor
device constructed in accordance with a second ex-
ample;

Fig. 4 is a cross-sectional view of a semiconductor
device constructed in accordance with a third exam-
ple;

Fig. 5 is a cross-sectional view of a semiconductor
device constructed in accordance with a fourth ex-
ample;

Fig. 6 is a cross-sectional view of a semiconductor
device constructed in accordance with a fifth exam-
ple;

Fig. 7 is a cross-sectional view of a semiconductor
device constructed in accordance with a sixth exam-
ple;

Figs. 8a to 8f are cross-sectional views for illustrating
a method of manufacturing a semiconductor device
constructed in accordance with a seventh example;

Figs. 9a to 9b are cross-sectional views for illustrat-
ing the characteristics of an isotropic etching;

Figs. 10a to 10d are cross-sectional views for illus-
trating a method of manufacturing a semiconductor
device constructed in accordance with an embodi-
ment of the invention; and
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Figs. 11 a to 11 d are cross-sectional views for illus-
trating a method of manufacturing a semiconductor
device constructed in accordance with another em-
bodiment of the invention.

[0010] The examples shown in Figs 1 to 9 are not cov-
ererd by the scope of the claims and are explained for a
better understanding of the invention only.
[0011] Referring firstly to Fig. 1, this is a cross-sectional
view of a field effect transistor of a semiconductor device
constructed in accordance with a first example. In this
transistor, two unit cells of the transistor are disposed in
parallel and face each other. Although a plurality of unit
cells may be connected in parallel to form a transistor,
the above cross-sectional structure is explained below
as a representative transistor.
[0012] In Fig. 1, an N-type low concentrated (N-) drain
region 2 containing SiC is formed on a main surface of
an N-type high concentrated (N+) substrate region 1 con-
taining SiC. The drain region 2 is formed by an epitaxial
layer grown on the substrate region 1. The drain region
2 forms a semiconductor substrate together with the sub-
strate region 1.
[0013] Although there are several poly types (polycrys-
tal) of SiC, this example is explained with 4H-SiC as an
example. It should be understood that the thicknesses
of the substrate region 1 and the drain region 2 may not
be drawn to scale in Fig. 1. In one example , the substrate
region 1 has a thickness of several hundreds of mm,
whereas the drain region 2 has a thickness ranging from
several mm to several tens of mm. An N+-type hetero
semiconductor region 3 containing a polycrystal silicon
is formed on a main surface of the drain region 2. The
polycrystal silicon differs from SiC in terms of band gap
and electron affinity. Therefore, a heterojunction is
formed at both junction interfaces (for which the polycrys-
tal silicon is used as a material for a hetero semiconductor
region). A gate electrode 7 is formed adjacent to the junc-
tion portion of the drain region 2 and the hetero semicon-
ductor region 3 using the gate insulating film 5. The hetero
semiconductor region 3 is directly connected to a source
electrode 9. A drain electrode 10 is electrically and ohm-
ically connected to an underside of the substrate region
1 at a low resistance. The gate electrode 7 is insulated
from the source electrode 9 by using an interlayer insu-
lating film 8.
[0014] A trench, which extends from a surface of the
hetero semiconductor region 3 to the drain region 2, is
formed. Further, the gate insulating film 5 and the gate
electrode 7 are formed within the trench. Although the
trench is formed in an inner portion of the drain region 2
as shown in Fig. 1, the trench may be alternatively formed
to extend to the junction interface of the hetero semicon-
ductor region 3 and the drain region 2. In this first exam-
ple, the driving point 6 (where the hetero semiconductor
region 3, the drain region 2 and the gate insulating film
5 are adjoined) is formed and located apart from the side
wall of the trench. As used herein, a driving point refers

to a location where the current flows from a source to a
drain when a predetermined electric field is applied from
a gate electrode. In one example herein, the source is a
polysilicon region, and the drain is a SiC epilayer.
[0015] A method of manufacturing the device shown
in Fig. 1 is now explained with reference to Figs 2a to 2k.
[0016] First, as shown in Fig. 2a, the drain region 2
containing an N--type SiC is formed on the N+-type sub-
strate region 1 by an epitaxial growth, etc.
[0017] Thereafter, a polycrystal silicon is deposited on
the drain region 2. A heterojunction is then formed be-
tween the drain region 2 and the hetero semiconductor
region 3. In such a configuration, a post-annealing may
be performed in order to obtain a desired heterojunction
characteristic by controlling the particle size or the grain
boundary condition of the polycrystal silicon. Subse-
quently, impurities are introduced into the hetero semi-
conductor region 3 (which contains a hetero silicon) by,
for example, using a mechanism such as ion injection.
This is so that the hetero semiconductor region 3 can
become an N+-type. Examples of the impurities include
As (arsenic), P (phosphorous) and the like. This config-
uration is shown in Fig. 2b.
[0018] Next, a resist pattern 21 corresponding to a
mask material is formed on the hetero semiconductor
region 3 as shown in Fig. 2c. The hetero semiconductor
region 3 and the drain region 2 are selectively removed
by dry etching using the resist pattern as a mask. The
trench is formed such that a bottom portion 4 of the trench
reaches an inner portion of the drain region 2. Alterna-
tively, the mask material may be an oxide film. The etch-
ing may be performed with good controllability through a
dry etching method, which uses ion or plasma to obtain
a fine pattern.
[0019] Subsequently, after the mask material is re-
moved, a sacrificial oxide film 22 is formed by thermally
oxidizing an exposed portion of the polycrystal silicon,
i.e., the hetero semiconductor region 3. In such a case,
a surface of the drain region 2 containing SiC is also
oxidized. However, since an oxidation ratio of SiC is
smaller than that of the polycrystal silicon, the amount of
the drain region 2 (containing SiC) being oxidized be-
comes smaller than that of the hetero semiconductor re-
gion 3 containing polycrystal silicon. This is shown in Fig.
2d.
[0020] Then, the sacrificial oxide films 22 formed in the
above process are removed using a fluoric acid based
wet etching. As such, the trench-side end of the polycrys-
tal silicon is receded from the side wall of the trench
(shown in Fig. 2c) due to the difference between the ox-
idizing amounts of the drain region 2 and the hetero sem-
iconductor region 3. The driving point 6 (where the hetero
semiconductor region 3, the drain region 2 and the gate
insulating film are adjoined) is formed by dry etching and
located apart from the side wall of the trench.
[0021] Alternatively, after performing the dry etching
process shown in Fig. 2c, the exposed portion may be
removed through wet etching, which sets a certain se-
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lection ratio between polycristal silicon and SiC. By doing
so, the configuration of Fig. 1 can be obtained (i.e., the
driving point 6 is spaced apart from the side wall of the
trench). In another example, it is possible to achieve this
configuration by forming a resist material for the mask
material used in the process shown in Fig. 2c. Then, the
same wet etching can be performed after conducting a
reduction process on the resist material through baking
or UV irradiating.
[0022] As such, the trench may suffer from etching
damage throughout a certain depth thereof depending
on the condition of dry etching when forming the trench.
However, the driving point 6 at the edge portion of the
junction end of the drain region 2 and the hetero semi-
conductor region 3 is located apart from the side wall of
the trench where the etching damage does not occur.
Therefore, it is possible to form the driving point 6 at a
location not affected by the etching damage.
[0023] Further, a distance between the driving point 6
and the side wall of the trench may be adjustable by con-
trolling the oxidization amount in the process shown in
Fig. 2d. Therefore, the distance can be set to be equal
to or more than the range affected by the etching damage
as shown in Fig. 2e.
[0024] Next, the gate insulating film 5 is deposited on
an entire surface of the device by using a deposition
method such as CVD (Chemical Vapor Deposition) as
shown in Fig. 2f. A suitable annealing treatment is per-
formed on the gate insulating film 5.
[0025] Next, a polycrystal silicon corresponding to a
gate electrode 7 is deposited on the gate insulating film
5. Then impurities are introduced from a surface of the
gate electrode 7 to pattern a desired configuration. This
is shown in Fig. 2g.
[0026] As shown in Fig. 2h, an interlayer insulating film
8 is next deposited on an entire surface of the device.
[0027] Subsequently, after removing the polycrystal
silicon attached to the underside of the device, the drain
electrode 10 is formed of metal and is adjoined to the
substrate region 1.
[0028] Thereafter, a thermal treatment is performed
thereon such that the drain electrode 10 and the substrate
region 1 are alloyed to ohmically connect to each other
at a low resistance as shown in Fig. 2i.
[0029] In Fig. 2j, the interlayer insulating film 8 is pat-
terned to a desired configuration as shown.
[0030] Finally, as shown in Fig. 2k, a contact hole is
formed, and the source electrode 9 is formed of metal to
be adjoined with the hetero semiconductor region 3 via
the contact hole, thereby obtaining the device shown in
Fig. 1.
[0031] The basic operation of a transistor, which is
manufactured in accordance with the above, is the same
as that of the conventional transistor. Hereinafter, the
effects that can be achieved by the first example are ex-
plained.
[0032] First, as described above, the driving point 6 of
the transistor is formed at a location spaced apart from

the side wall of the trench. Therefore, the driving point is
not subject to the effect of etching damage occurring at
the side wall of the trench by dry etching. Therefore, an
interface level around the driving point 6 is small and a
grain thereof is maintained in an ideal state. When the
device is in a conduction state, an electrical field from
the gate electrode 7 is effectively applied to the driving
point 6. At the same time, the interface mobility around
the driving point 6 is increased. Accordingly, the driving
power is improved, and the impedance can be sufficiently
reduced.
[0033] Further, according to the first example, the gate
electrode 7 is formed in the trench, which is formed in
the inner portion of the drain region 2. Accordingly, when
the device is in a non-conduction state, the voltage of the
gate electrode 7 positioned at a certain depth in the drain
region 2 is fixed to 0V. Further, it is possible to shield an
electrical field formed by high voltage applied to the drain
electrode 10 at a deeper position. Therefore, the effect
of lessening an electrical field around the driving point 6
is increased such that a leak current can be reduced
when the device is in an off state.
[0034] This could greatly contribute to miniaturization,
scaling down and cost reduction of a power electronic
system including a vehicle-mounting power electronic
system.
[0035] Fig. 3 illustrates the configuration of a semicon-
ductor device constructed in accordance with a second
example. In the first example shown in Fig. 1, the trench
is formed in the inner portion of the drain region 2 as
shown in Fig. 2c. The second example shown in Fig. 3
has a configuration similar to the first example except
that a bottom portion 11 of the trench (a bottom portion
of a dry etching surface) made by dry etching is posi-
tioned at a junction interface of the hetero semiconductor
region 3 and the drain region 2.
[0036] By adopting such a configuration, the oxide film
is formed and removed after forming the trench in the
same manner as in the first example such that the driving
point 6 of the transistor is formed and located apart from
the side wall of the trench, which is formed through etch-
ing. Thus, the driving point is not subject to the effect of
etching damage occurring when forming the trench.
Therefore, the second example can achieve the same
effect as the first example.
[0037] Fig. 4 illustrates the configuration of a semicon-
ductor device constructed in accordance with a third ex-
ample. The third example shown in Fig. 4 has a config-
uration similar to the first example except that a P-type
well region 12 is formed on an upper surface portion of
the drain region 2 to be adjoined with the hetero semi-
conductor region 3. The P-type well region 12 functions
as an electrical field relaxing layer when the device is in
a non-conduction state.
[0038] By adopting such a constitution including the
electrical field relaxing layer, the effect of reducing a leak
current when the element is non-conducted can be ob-
tained in addition to the effects achieved by the first ex-
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ample. Further, a device having a high pressure-resist-
ance can be obtained with low impedance.
[0039] Fig. 5 illustrates the configuration of a semicon-
ductor device constructed in accordance with a fourth
example. The fourth example shown in Fig. 5 has a con-
figuration similar to the second example except that a P-
type well region 12 is formed on an upper surface portion
of the drain region 2 to be adjoined with the hetero sem-
iconductor region 3. The P-type well region 12 functions
as an electrical field relaxing layer when the device is in
a non-conduction state.
[0040] By adopting such a constitution including the
electrical field relaxing layer, the effect of reducing a leak
current when the device is in a non-conduction state can
be obtained in addition to the effects achieved by the
second example. Further, a device having a high pres-
sure-resistance can be obtained with low impedance.
[0041] Fig. 6 illustrates the configuration of a semicon-
ductor device constructed in accordance with a fifth ex-
ample. The fifth example shown in Fig. 6 has a configu-
ration similar to the first example except that a P+-type
hetero semiconductor region 13 is formed under the het-
ero semiconductor region 3.
[0042] By adopting such a constitution, it is possible to
form a barrier of the heterojunction interface to be higher
by the P+-type hetero semiconductor region 13. Further,
in addition to the effects achieved by the first example,
a device having a higher pressure-resistance can be ob-
tained.
[0043] Fig. 7 illustrates the configuration of a semicon-
ductor device constructed in accordance with a sixth ex-
ample. The sixth example shown in Fig. 7 has a config-
uration similar to the second example except that a
P+-type hetero semiconductor region 13 is formed under
the hetero semiconductor region 3.
[0044] By adopting such a constitution, it is possible to
form a barrier of the heterojunction interface to be higher
by the P+-type hetero semiconductor region 13. Further,
in addition to the effects achieved by the second example,
a device having a higher pressure-resistance can be ob-
tained.
[0045] Also, in the first to sixth examples previously
mentioned as well as the examples and embodiments
explained below, the semiconductor substrate may con-
tain gallium nitride or diamond in addition to silicon car-
bide. Further, in addition to polycrystal silicon, the hetero
semiconductor region may include any one of single crys-
tal silicon, amorphous silicon, single crystal silicon ger-
manium, polycrystal silicon germanium and amorphous
silicon germanium.
[0046] Figs. 8a to 8f are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
constructed in accordance with a seventh example. The
seventh example is another example of the method for
manufacturing the semiconductor device shown in Fig.
1. First, a drain region 2 containing N--type SiC is formed
on the substrate region 1 of N+-type SiC through an epi-
taxial growing process. Then, a polycrystal silicon is de-

posited on the drain region 2 as a hetero semiconductor
region 3, thereby forming a heterojunction between the
drain region 2 and the hetero semiconductor region 3. In
such a case, a post-annealing may be performed in order
to obtain a desired heterojunction characteristic by con-
trolling the particle size or the grain boundary condition
of the polycrystal silicon. Subsequently, impurities are
introduced into the hetero semiconductor region 3 of a
polycrystal silicon by using, for example, a mechanism
such as ion injection so that the hetero semiconductor
region 3 becomes N+-type. Examples of the impurities
include As (arsenic), P (phosphorous) and the like. Then,
a resist 31 corresponding to a mask material is applied
on the hetero semiconductor region 3. This structure is
shown in Fig. 8a.
[0047] Next, a photomask 32 is formed on the resist
31 as shown in Fig. 8b. The resist 31 is selectively re-
moved and patterned through etching using the photo-
mask 32.
[0048] After the photomask 32 is removed, the hetero
semiconductor region 3 of a polycrystal silicon is selec-
tively removed through wet etching (i.e., isotropic etch-
ing) using the patterned resist 31 as a mask as shown in
Fig. 8c. Alternatively, chemical dry etching may be used
in this example so long as it is an isotropic etching.
[0049] The characteristic of isotropic etching are ex-
plained below with reference to Figs. 9a to 9b. As shown
in Fig. 9a, when a fine pattern such as a narrow vertical
trench 33 is to be formed on the hetero semiconductor
region 3 by selectively etching the hetero semiconductor
region via the patterned resist 31, a portion of the hetero
semiconductor region 3 under the resist 31 may be
etched. Accordingly, the hetero semiconductor region 3
may be laterally etched. As a result, as shown in Fig. 9b,
the wall surface of the trench 33 may be etched so as to
have a curved surface.
[0050] Referring back to Fig. 8c, as explained with ref-
erence to Figs. 9a to 9b, in such an isotropic etching
process, the etching of the hetero semiconductor region
3 is advanced to a portion under the resist 31. Further,
the thickness of the thinnest portion of the hetero semi-
conductor region 3 remaining after etching becomes
about hundreds of angstroms (A). Further, although the
etching surface of the hetero semiconductor region 3 is
shown in a taper form in Fig. 8c for ease of explanation,
the etching surface of the hetero semiconductor region
3 typically has a curved etching shape as shown in Fig.
9b.
[0051] Next, the hetero semiconductor region 3 and
the drain region 2 are selectively removed through dry
etching (i.e., anisotropic etching) by using the resist 31
as a mask. As such, a trench 34 is formed and a bottom
portion thereof extends to the drain region 2 as shown in
Fig. 8d.
[0052] Thereafter, a hetero semiconductor region 31
a, the thickness of which becomes gradually thinner, is
obtained around the trench 34 by removing the resist 31.
For example, the thickness is about hundreds of A. Fur-
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ther, the length of the hetero semiconductor region 31a,
the thickness of which becomes gradually thinner, is
about thousands of A in the lateral direction from an end
portion of the trench 34.
[0053] Subsequently, a polycrystal silicon (i.e., hetero
semiconductor region 3) and an exposed portion of the
drain region 2 are thermally oxidized to form a sacrificial
oxide film. In such a case a bottom portion of the drain
region 2 of SiC is also oxidized. Since the oxidation ratio
of SiC is smaller than that of a polycrystal silicon, how-
ever, the oxidation amount of the drain region 2 of SiC
becomes smaller than that of the hetero semiconductor
region 3 of a polycrystal silicon. The sacrificial oxide films
are then removed by fluoric acid based wet etching. Ac-
cordingly, the hetero semiconductor region 31 a, the
thickness of which becomes thinner, is removed such
that an end portion of the hetero semiconductor region
3 is receded from a side wall of the trench 34. The driving
point 6 (where the hetero semiconductor region 3, the
drain region 2 and the gate insulating film 5 are adjoined)
is formed by dry etching and located apart from the side
wall of the trench 34 as shown in Fig. 8f.
[0054] Thereafter, such a semiconductor device
shown in Fig. 1 is obtained through the processes illus-
trated in Figs. 2f to 2k, which are provided in relation to
the first example.
[0055] Also in accordance with the seventh example,
a semiconductor device that has the characteristics of
the first example can be easily manufactured. Further,
by employing the above manufacturing method, it is pos-
sible to lightly perform a sacrificial oxidation on the hetero
semiconductor region 3 in a longitudinal direction when
forming the driving point 6 in a position spaced apart from
the etching surface by about thousands of A. Therefore,
the amount of the sacrificial oxidization can be restrained,
and a load of the manufacturing process can be reduced.
Furthermore, the adverse effect caused by heavy sacri-
ficial oxidization can be reduced.
[0056] Figs. 10a to 10d are cross-sectional views illus-
trating a method of manufacturing a semiconductor de-
vice constructed in accordance with an embodiment of
the invention. The embodiment is an embodiment of the
method for manufacturing such a semiconductor device
as that shown in Fig. 1. First, a drain region 2 of N--type
SiC is formed on a substrate region 1 of N+-type SiC
through an epitaxial growing process. Then, a polycrystal
silicon is deposited on the drain region 2 as a hetero
semiconductor region 3, thereby forming a heterojunc-
tion between the drain region 2 and the hetero semicon-
ductor region 3. In such a case, post-annealing may be
performed in order to obtain a desired heterojunction
characteristic by controlling the particle size or the grain
boundary condition of the polycrystal silicon. Subse-
quently, impurities are introduced into the hetero semi-
conductor region 3 of a polycrystal silicon by using, for
example, a mechanism such as ion injecting so that the
hetero semiconductor region 3 becomes N+-type. Exam-
ples of the impurities include As (arsenic), P (phospho-

rous) and the like. Then, a resist 31 corresponding to a
mask material is applied on the hetero semiconductor
region 3. This structure is shown in Fig. 10a.
[0057] A photomask 32 is next formed on the resist 31.
The resist 31 is selectively removed and patterned
through etching by using the photomask 32 as shown in
Fig. 10b.
[0058] The resist 31 is then removed by isotropic wet
etching. Accordingly, the edge portion of an upper end
of the resist 31 is isotropically etched and removed, there-
by obtaining an edge portion 31 a in a taper form as shown
in Fig. 10c.
[0059] Next, dry etching (i.e., anisotropic etching) is
performed to selectively remove the hetero semiconduc-
tor region 3 and the drain region 2 by using the resist 31,
the edge portion 31a of which has a taper form, as a
mask. As such, a trench 35 is formed such that a bottom
portion thereof extends to the drain region 2. In such a
case, each edge portion 31 a of the resist 31 having a
taper form is more rapidly etched than the other portions
of the resist 31 through anisotropic etching. Thus, the
underlying hetero semiconductor region 3 is etched. As
a result, a portion of the hetero semiconductor region 3,
the thickness of which becomes gradually thinner, is
formed around the trench 35 as shown in Fig. 10d. That
is, the shape of the resist 31 is transferred into the hetero
semiconductor region 3. The thickness of the thinner por-
tion of the hetero semiconductor region 3 is about thou-
sands of A. Further, a length of the hetero semiconductor
region 3, the thickness of which becomes thinner, is about
thousands of A in the lateral direction from an end of the
trench 35.
[0060] Thereafter, the semiconductor device shown in
Fig. 1 is obtained through the processes shown in Figs.
2f to 2k and Figs. 8e and 8f, which have been explained
above in relation to the first and seventh example.
[0061] Also in accordance with the embodiment, a
semiconductor device, which has the characteristics of
the first example, can be easily manufactured. Further,
the resist 31 on an uppermost surface is processed by
employing the above-described method. As such, the
manufacturing process proceeds while monitoring the
shape of a device produced during the manufacturing
process.
[0062] Figs. 11a to 11d are cross-sectional views illus-
trating a method of manufacturing a semiconductor de-
vice constructed in accordance with another embodiment
of the invention. This embodiment is another embodi-
ment of a method for manufacturing a semiconductor de-
vice as shown in Fig. 1. First, the drain region 2 of N--type
SiC is formed on the substrate region 1 of N+-type SiC
through an epitaxial growing process. Then, a polycrystal
silicon is deposited on the drain region 2 as a hetero
semiconductor region 3, thereby forming a heterojunc-
tion between the polycrystal silicon and the drain region
2. In such a case post-annealing may be performed in
order to obtain a desired heterojunction characteristic by
controlling the particle size or the grain boundary condi-
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tion of the polycrystal silicon. Subsequently, impurities
are introduced into the hetero semiconductor region 3 of
a polycrystal silicon by using, for example, a mechanism
such as ion injection. This is done so that the hetero sem-
iconductor region 3 becomes N+-type. Examples of the
impurities include As (arsenic), P (phosphorous) and the
like. Then, a resist 31 corresponding to a mask material
is applied on the hetero semiconductor region 3. The
resulting structure is shown in Fig. 11 a.
[0063] A photomask 32 is next formed on the resist 31.
The resist 31 is selectively removed and patterned
through etching by using the photomask 32 as shown in
Fig. 11 b.
[0064] Then, after the photomask 32 is removed, the
hetero semiconductor region 3 of a polycrystal silicon is
selectively removed through wet etching (i.e., isotropic
etching) by using the patterned resist 31 as a mask as
shown in Fig. 11c. Alternatively, chemical dry etching
may be used in this embodiment so long as it is an iso-
tropic etching. In the isotropic etching process, a portion
of the hetero semiconductor region 3 under the resist 31
may be etched in a similar manner as explained with
reference to Figs. 9a to 9b. Further, the thickness of the
thinnest portion of the etched hetero semiconductor re-
gion 2 becomes hundreds of A. Although the etching sur-
face of the hetero semiconductor region 3 is shown to
have a tapered shape in Fig. 11c for ease of explanation,
the etching surface of the hetero semiconductor 3 typi-
cally has a curved shape as shown in Fig. 9b.
[0065] After the resist 31 is removed, a resist 36 is ad-
ditionally applied on the hetero semiconductor region 3.
The resist 36 is then selectively removed and patterned.
Thereafter, the hetero semiconductor region 3 and the
drain region 2 are selectively removed through dry etch-
ing (i.e., anisotropic etching) by using the patterned resist
36 as a mask. Accordingly, a trench 37 is formed such
that a bottom portion thereof extends to the drain region
2 as shown in Fig. 11 d.
[0066] Thereafter, the semiconductor device shown in
Fig. 1 is obtained through the processes shown in Figs.
2f to 2k and Figs. 8e and 8f, which have already been
explained in relation to the first and seventh examples.
[0067] According to the embodiment, a semiconductor
device, which has the characteristics of the first example,
can be easily manufactured. Further, by employing the
above method, it is possible to form a device without be-
ing affected by the recession of a resist in the etching
process.
[0068] Further, in the described embodiments and in
the seventh and eigth example, an oxide film may be
used as a mask material instead of a resist.
[0069] Also, the above-described embodiments have
been described in order to allow easy understanding of
the present invention and do not limit the present inven-
tion. On the contrary, the invention is intended to cover
various modifications and equivalent arrangements in-
cluded within the scope of the appended claims.

Claims

1. A method of manufacturing a semiconductor device,
comprising:

depositing a hetero semiconductor region (3) on
a first conductive-type semiconductor substrate
(2), wherein the hetero semiconductor region (3)
forms a heterojunction with the semiconductor
substrate (2);
forming a trench (35) wherein a bottom portion
of the trench (35) extends into the semiconduc-
tor substrate (2) and a thickness of a portion of
the hetero semiconductor region (3) around the
trench (35) is smaller than a thickness of other
portions of the hetero semiconductor region (3),
wherein forming the trench (35) includes selec-
tively removing the semiconductor substrate (2)
and the hetero semiconductor region (3) by an
anisotropic etching using a mask pattern (31)
having an edge portion (31 a) in a taper form
obtained by an isotropic etching, thereby trans-
ferring the taper form of the mask pattern into
the hetero semiconductor region; forming a sac-
rificial oxide film by thermally oxidizing at least
the hetero semiconductor region (3) after form-
ing the trench (35);
selectively removing the portion of the hetero
semiconductor region (3) around the trench (35)
having a thickness smaller than the thickness of
the other portions by removing the sacrificial ox-
ide film thereby receding the hetero semicon-
ductor region (3) from a side wall of the trench
in the semiconductor substrate (2); forming the
gate insulating film (5) on the semiconductor
substrate (2) and the hetero semiconductor re-
gion (3) including an inner surface of the trench
(35) after removing the sacrificial oxide film;
forming a gate electrode (7) adjacent to a junc-
tion end of the semiconductor substrate (2) and
the hetero semiconductor region (3) using the
gate insulating film (5);
forming a source electrode (9) connected to the
hetero semiconductor region (3); and
forming a drain electrode (10) connected to the
semiconductor substrate (I), wherein a driving
point (6) of the semiconductor device, where the
gate insulating film (5), the hetero semiconduc-
tor region (3) and the semiconductor substrate
(2) are adjoined, is at a position spaced apart
from a side wall of the trench (35) in the semi-
conductor substrate (2).

2. A method of manufacturing a semiconductor device,
comprising:

depositing a hetero semiconductor region (3) on
a first conductive-type semiconductor substrate
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(2), wherein the hetero semiconductor region (3)
forms a heterojunction with the semiconductor
substrate (2);
forming a trench (37) wherein a bottom portion
of the trench (37) extends into the semiconduc-
tor substrate (2) and a thickness of a portion of
the hetero semiconductor region (3) around the
trench (37) is smaller than a thickness of other
portions of the hetero semiconductor region (3),
wherein forming the trench (37) comprises pat-
terning a first mask (31) by etching, selectively
removing the hetero semiconductor region (3)
by isotropic etching using the first mask (31),
and selectively removing portions of the hetero
semiconductor region (3) and the semiconduc-
tor substrate (2) by anisotropic etching using a
second mask pattern (36) being applied after
the first mask (31) is removed;
forming a sacrificial oxide film by thermally oxi-
dizing at least the hetero semiconductor region
(3) after forming the trench (35);
selectively removing the portion of the hetero
semiconductor region (3) around the trench (37)
having a thickness smaller than the thickness of
the other portions by removing the sacrificial ox-
ide film thereby receding the hetero semicon-
ductor region (3) from a side wall of the trench
in the semiconductor substrate (2);
forming the gate insulating film (5) on the sem-
iconductor substrate (2) and the hetero semi-
conductor region (3) including an inner surface
of the trench (37) after removing the sacrificial
oxide film;
forming a gate electrode (7) adjacent to a junc-
tion end of the semiconductor substrate (2) and
the hetero semiconductor region (3) using the
gate insulating film (5);
forming a source electrode (9) connected to the
hetero semiconductor region (3); and
forming a drain electrode (10) connected to the
semiconductor substrate (I), wherein a driving
point (6) of the semiconductor device, where the
gate insulating film (5), the hetero semiconduc-
tor region (3) and the semiconductor substrate
(2) are adjoined, is at a position spaced apart
from a side wall of the trench (37) in the semi-
conductor substrate (2).

3. A method as claimed in claims 1 or 2 wherein the
semiconductor substrate comprises at least one of
a silicon carbide, a gallium nitride and a diamond,
and wherein the hetero semiconductor region com-
prises at least one of a single crystal silicon, a poly-
crystal silicon, an amorphous silicon, a single silicon
germanium, a polycrystal silicon germanium and an
amorphous silicon germanium.

Patentansprüche

1. Verfahren zum Herstellen einer Halbleitervorrich-
tung, umfassend:

Abscheiden einer Heterohalbleiterregion (3) auf
einem ersten leitfähigen Halbleitersubstrat (2),
wobei die Heterohalbleiterregion (3) eine Hete-
roverbindung mit dem Halbleitersubstrat (2) bil-
det;
Ausbilden eines Einschnitts (35), wobei sich ein
Bodenbereich des Einschnitts (35) in das Halb-
leitersubstrat (2) erstreckt und eine Dicke eines
Bereichs der Heterohalbleiterregion (3) um den
Einschnitt (35) herum geringer als eine Dicke
anderer Bereiche der Heterohalbleiterregion (3)
ist, wobei das Ausbilden des Einschnitts (35)
das selektive Entfernen des Halbleitersubstrats
(2) und der Heterohalbleiterregion (3) durch an-
isotropes Ätzen unter Verwendung eines Mas-
kenmusters (31) mit einem durch isotropes Ät-
zen erhaltenen Randbereich in Kegelform um-
fasst, wodurch die Kegelform des Maskenmus-
ters in die Heterohalbleiterregion übertragen
wird ;
Ausbilden einer Opferoxidschicht durch thermi-
sches Oxidieren zumindest der Heterohalblei-
terregion (3) nach dem Ausbilden des Ein-
schnitts (35);
selektives Entfernen des Bereichs der Hetero-
halbleiterregion (3) um den Einschnitt (35) her-
um mit einer geringeren Dicke als der Dicke der
anderen Bereiche durch Entfernen der Opfero-
xidschicht, wodurch die Heterohalbleiterregion
(3) von einer Seitenwand des Einschnitts im
Halbleitersubstrat (2) schwindet;
Ausbilden der Gate-Isolierschicht (5) auf dem
Halbleitersubstrat (2) und der Heterohalbleiter-
region (3) einschließlich einer Innenfläche des
Einschnitts (35) nach dem Entfernen der Opfer-
oxidschicht;
Bilden einer Gate-Elektrode (7) benachbart zu
einem Verbindungsende des Halbleitersubst-
rats (2) und der Heterohalbleiterregion (3) unter
Verwendung der Gate-Isolierschicht (5);
Bilden einer Source-Elektrode (9), die mit der
Heterohalbleiterregion (3) verbunden ist; und
Bilden einer Drain-Elektrode (10), die mit dem
Halbleitersubstrat (I) verbunden ist, wobei ein
Ansteuerungspunkt (6) der Halbleitervorrich-
tung, an dem die Gate-Isolierschicht (5), die He-
terohalbleiterregion (3) und das Halbleitersub-
strat (2) angrenzen, an einer von einer Seiten-
wand des Einschnitts (35) im Halbleitersubstrat
(2) beabstandeten Position angeordnet ist.

2. Verfahren zum Herstellen einer Halbleitervorrich-
tung, umfassend:
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Abscheiden einer Heterohalbleiterregion (3) auf
einem ersten leitfähigen Halbleitersubstrat (2),
wobei die Heterohalbleiterregion (3) eine Hete-
roverbindung mit dem Halbleitersubstrat (2) bil-
det;
Ausbilden eines Einschnitts (37), wobei sich ein
Bodenbereich des Einschnitts (37) in das Halb-
leitersubstrat (2) erstreckt und eine Dicke eines
Bereichs der Heterohalbleiterregion (3) um den
Einschnitt (37) herum geringer als eine Dicke
anderer Bereiche der Heterohalbleiterregion (3)
ist, wobei das Ausbilden des Einschnitts (37)
das Mustern einer ersten Maske (31) durch Ät-
zen, das selektive Entfernen der Heterohalblei-
terregion (3) durch isotropes Ätzen unter Ver-
wendung der ersten Maske (31), und das selek-
tive Entfernen von Bereichen der Heterohalblei-
terregion (3) und des Halbleitersubstrats (2)
durch anisotropes Ätzen unter Verwendung ei-
nes zweiten Maskenmusters (36) umfasst, das
nach dem Entfernen der ersten Maske aufge-
bracht wird;
Ausbilden einer Opferoxidschicht durch thermi-
sches Oxidieren zumindest der Heterohalblei-
terregion (3) nach dem Ausbilden des Ein-
schnitts (35);
selektives Entfernen des Bereichs der Hetero-
halbleiterregion (3) um den Einschnitt (37) her-
um mit einer geringeren Dicke als der Dicke der
anderen Bereiche durch Entfernen der Opfero-
xidschicht, wodurch die Heterohalbleiterregion
(3) von einer Seitenwand des Einschnitts im
Halbleitersubstrat (2) schwindet;
Ausbilden der Gate-Isolierschicht (5) auf dem
Halbleitersubstrat (2) und der Heterohalbleiter-
region (3) einschließlich einer Innenfläche des
Einschnitts (37) nach dem Entfernen der Opfer-
oxidschicht;
Bilden einer Gate-Elektrode (7) benachbart zu
einem Verbindungsende des Halbleitersubst-
rats (2) und der Heterohalbleiterregion (3) unter
Verwendung der Gate-Isolierschicht (5);
Bilden einer Source-Elektrode (9), die mit der
Heterohalbleiterregion (3) verbunden ist; und
Bilden einer Drain-Elektrode (10), die mit dem
Halbleitersubstrat (I) verbunden ist, wobei ein
Ansteuerungspunkt (6) der Halbleitervorrich-
tung, an dem die Gate-Isolierschicht (5), die He-
terohalbleiterregion (3) und das Halbleitersub-
strat (2) angrenzen, an einer von einer Seiten-
wand des Einschnitts (37) im Halbleitersubstrat
(2) beabstandete Position angeordnet ist.

3. Verfahren nach Anspruch 1 oder 2, wobei das Halb-
leitersubstrat Siliciumcarbid, Galliumnitrid und/oder
Diamant aufweist, und wobei der Heterohalbleiter-
bereich einkristallines Silizium, polykristallines Sili-
zium, amorphes Silizium, einkristallines Silizium-

Germanium, polykristallines Silizium-Germanium
und amorphes Silizium-Germanium aufweist.

Revendications

1. Procédé de fabrication d’un dispositif à semi-con-
ducteur, comprenant le fait :

de déposer une région semi-conductrice à hé-
térojonction (3) sur un premier substrat semi-
conducteur de type conducteur (2), où la région
semi-conductrice à hétérojonction (3) forme une
hétérojonction avec le substrat semi-conduc-
teur (2);
de former une tranchée (35) où une partie infé-
rieure de la tranchée (35) s’étend dans le subs-
trat semi-conducteur (2) et une épaisseur d’une
partie de la région semi-conductrice à hétéro-
jonction (3) autour de la tranchée (35) est infé-
rieure à une épaisseur d’autres parties de la ré-
gion semi-conductrice à hétérojonction (3), où
la formation de la tranchée (35) comporte le fait
d’éliminer de manière sélective le substrat semi-
conducteur (2) et la région semi-conductrice à
hétérojonction (3) par une gravure anisotrope
en utilisant un motif de masque (31) ayant une
partie de bord (31 a) sous une forme de cône
obtenue par une gravure isotrope, transférant
ainsi la forme de cône du motif de masque dans
la région semi-conductrice à hétérojonction ;
de former un film d’oxyde sacrificiel en oxydant
thermiquement au moins la région semi-con-
ductrice à hétérojonction (3) après la formation
de la tranchée (35) ;
d’éliminer de manière sélective la partie de la
région semi-conductrice à hétérojonction (3)
autour de la tranchée (35) ayant une épaisseur
inférieure à l’épaisseur des autres parties en éli-
minant le film d’oxyde sacrificiel écartant ainsi
la région semi-conductrice à hétérojonction (3)
d’une paroi latérale de la tranchée dans le subs-
trat semi-conducteur (2) ; de former le film iso-
lant de grille (5) sur le substrat semi-conducteur
(2) et la région semi-conductrice à hétérojonc-
tion (3) comportant une surface interne de la
tranchée (35) après l’élimination du film d’oxyde
sacrificiel ;
de former une électrode de grille (7) adjacente
à une extrémité de jonction du substrat semi-
conducteur (2) et de la région semi-conductrice
à hétérojonction (3) en utilisant le film isolant de
grille (5) ;
de former une électrode de source (9) reliée à
la région semi-conductrice à hétérojonction (3) ;
et
de former une électrode de drain (10) reliée au
substrat semi-conducteur (I), où un point d’atta-
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que (6) du dispositif à semi-conducteur, où le
film isolant de grille (5), la région semi-conduc-
trice à hétérojonction (3) et le substrat semi-con-
ducteur (2) sont contigus, est à une position es-
pacée d’une paroi latérale de la tranchée (35)
dans le substrat semi-conducteur (2).

2. Procédé de fabrication d’un dispositif à semi-con-
ducteur, comprenant le fait :

de déposer une région semi-conductrice à hé-
térojonction (3) sur un premier substrat semi-
conducteur de type conducteur (2), où la région
semi-conductrice à hétérojonction (3) forme une
hétérojonction avec le substrat semi-conduc-
teur (2) ;
de former une tranchée (37) où une partie infé-
rieure de la tranchée (37) s’étend dans le subs-
trat semi-conducteur (2) et une épaisseur d’une
partie de la région semi-conductrice à hétéro-
jonction (3) autour de la tranchée (37) est infé-
rieure à une épaisseur d’autres parties de la ré-
gion semi-conductrice à hétérojonction (3), où
la formation de la tranchée (37) comprend le fait
de former un motif sur un premier masque (31)
par gravure, d’éliminer de manière sélective la
région semi-conductrice à hétérojonction (3) par
gravure isotrope en utilisant le premier masque
(31), et d’éliminer de manière sélective des par-
ties de la région semi-conductrice à hétérojonc-
tion (3) et du substrat semi-conducteur (2) par
gravure anisotrope en utilisant un deuxième mo-
tif de masque (36) qui est appliqué après le re-
trait du premier masque (31) ;
de former un film d’oxyde sacrificiel en oxydant
thermiquement au moins la région semi-con-
ductrice à hétérojonction (3) après la formation
de la tranchée (35) ;
d’éliminer de manière sélective la partie de la
région semi-conductrice à hétérojonction (3)
autour de la tranchée (37) ayant une épaisseur
inférieure à l’épaisseur des autres parties en éli-
minant le film d’oxyde sacrificiel écartant ainsi
la région semi-conductrice à hétérojonction (3)
d’une paroi latérale de la tranchée dans le subs-
trat semi-conducteur (2) ;
de former le film isolant de grille (5) sur le subs-
trat semi-conducteur (2) et la région semi-con-
ductrice à hétérojonction (3) comportant une
surface interne de la tranchée (37) après l’élimi-
nation du film d’oxyde sacrificiel ;
de former une électrode de grille (7) adjacente
à une extrémité de jonction du substrat semi-
conducteur (2) et de la région semi-conductrice
à hétérojonction (3) en utilisant le film isolant de
grille (5) ;
de former une électrode de source (9) reliée à
la région semi-conductrice à hétérojonction (3) ;

et
de former une électrode de drain (10) reliée au
substrat semi-conducteur (I), où un point d’atta-
que (6) du dispositif à semi-conducteur, où le
film isolant de grille (5), la région semi-conduc-
trice à hétérojonction (3) et le substrat semi-con-
ducteur (2) sont contigus, est à une position es-
pacée d’une paroi latérale de la tranchée (37)
dans le substrat semi-conducteur (2).

3. Procédé tel que revendiqué dans la revendication 1
ou 2, dans lequel le substrat semi-conducteur com-
prend au moins un élément parmi un carbure de si-
licium, un nitrure de gallium et un diamant, et dans
lequel la région semi-conductrice à hétérojonction
comprend au moins un élément parmi un silicium
monocristallin, un silicium polycristallin, un silicium
amorphe, un germanium-silicium monocristallin, un
germanium-silicium polycristallin et un germanium-
silicium amorphe.
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