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(57) ABSTRACT

The present disclosure discloses a method for preparing an
isolation area of a gallium oxide device, the method com-
prising: depositing a mask layer on a gallium oxide material;
removing a preset portion region of the mask layer; prepar-
ing an isolation area in a position, corresponding to the
preset portion region, on the gallium oxide material by using
a high-temperature oxidation technique, with the isolation
area being located between active areas of the gallium oxide
device; and removing the remaining mask layer on the
gallium oxide material. In the disclosure, the isolation area
is prepared by using the high-temperature oxidation tech-
nique, which prevents damage to the gallium oxide device
during the preparation of the isolation area, thereby achiev-
ing isolation between the active areas of the gallium oxide
device.
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METHOD FOR PREPARING ISOLATION
AREA OF GALLIUM OXIDE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/CN2018/121423, filed
on Dec. 17, 2018, which claims priority to Chinese Patent
Application No. CN201811450087.7, filed on Nov. 30,
2018. The disclosures of the aforementioned applications
are hereby incorporated herein by reference in their entire-
ties.

TECHNICAL FIELD

[0002] The disclosure relates to the technical field of
semiconductor manufacturing, in particular to a method for
preparing an isolation area of a gallium oxide device.

BACKGROUND

[0003] Gallium oxide devices typically have isolation
between active areas by preparing isolation area. The exist-
ing method for preparing the isolation area is generally
realized by adopting a trench etching technology, but the
etching power is high when the gallium oxide device is
etched by the trench etching technology, and the etching rate
is high, thereby the gallium oxide device is subjected to
etching damage, and the edge of the active areas are easy to
break down.

SUMMARY OF THE INVENTION

[0004] These and other problems are generally solved or
circumvented, and technical advantages are generally
achieved, by embodiments of the present disclosure which
provide a method for preparing an isolation area of a gallium
oxide device.

TECHNICAL PROBLEM

[0005] The embodiment of the disclosure provides a
method for preparing an isolation area of a gallium oxide
device, aiming at solving the problem that the gallium oxide
device is damaged in the preparation process of the isolation
area in the prior art.

TECHNICAL SOLUTION

[0006] Embodiments of the disclosure provide a method
for preparing an isolation area of a gallium oxide device, the
method comprising: depositing a mask layer on a gallium
oxide material; removing a preset portion region of the mask
layer; preparing an isolation area in a position, correspond-
ing to the preset portion region, on the gallium oxide
material by using a high-temperature oxidation technique,
with the isolation area being located between active areas of
the gallium oxide device; and removing the remaining mask
layer on the gallium oxide material.

[0007] In one embodiment, the high-temperature oxida-
tion technique comprises: performing a high-temperature
annealing in an oxygen atmosphere, and an annealing tem-
perature of the high-temperature annealing is greater than or
equal to 300° C., and an annealing time of the high-
temperature annealing is greater than or equal to 30 s.
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[0008] In one embodiment, one or more isolation areas are
prepared on the gallium oxide material, and the number of
isolation areas is greater than or equal to 1.

[0009] In one embodiment, the isolation areas are the
same in depth.

[0010] Inoneembodiment, the isolation areas are different
in depth.

[0011] In one embodiment, after removing the preset
portion region of the mask layer, the method further com-
prising: shallow etching the isolation area on the gallium
oxide material.

[0012] In one embodiment, the depth of the shallow etch-
ing is 100 nm or less.

[0013] In one embodiment, the mask layer is formed of a
metal, insulating medium, or semiconductor material.
[0014] In one embodiment, removing the preset portion
region of the mask layer comprises: removing the preset
portion region of the mask layer by photoetching, develop-
ing and dry etching.

[0015] In one embodiment, removing the preset portion
region of the mask layer comprises: removing the preset
portion region of the mask layer by photoetching, develop-
ing and wet etching.

ADVANTAGEOUS EFFECTS OF THE
DISCLOSURE

[0016] Compared with the prior art, the embodiment of the
disclosure has the beneficial effects that: in the disclosure,
the isolation area is prepared by using the high-temperature
oxidation technique, which prevents damage to the gallium
oxide device during the preparation of the isolation area,
thereby achieving isolation between the active areas of the
gallium oxide device.

[0017] The foregoing has outlined rather broadly the fea-
tures and technical advantages of the present disclosure in
order that the detailed description of the disclosure that
follows may be better understood. Additional features and
advantages of the disclosure will be described hereinafter
which form the subject of the claims of the disclosure. It
should be appreciated by those skilled in the art that the
conception and specific embodiment disclosed may be read-
ily utilized as a basis for modifying or designing other
structures or processes for carrying out the same purposes of
the present disclosure. It should also be realized by those
skilled in the art that such equivalent constructions do not
depart from the spirit and scope of the disclosure as set forth
in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to explain the technical solutions in the
embodiments of the disclosure more clearly, the following
will briefly introduce the drawings that need to be used in the
embodiments. Obviously, the drawings in the following
description are only some embodiments of the disclosure,
for those of ordinary skill in the art, other drawings can be
obtained based on these drawings without creative labor.
[0019] FIG. 1is a schematic flow diagram of a method for
preparing an isolation area of a gallium oxide device in
accordance with one embodiment of the disclosure;

[0020] FIG. 2 is a schematic view of a structure for
generating a mask layer when one isolation area is provided
in accordance with one embodiment of the disclosure;
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[0021] FIG. 3 is a schematic view of a structure for
removing a preset portion region when one isolation area is
provided in accordance with one embodiment of the disclo-
sure;

[0022] FIG. 4 is a schematic view of a structure for
preparing an isolation area when one isolation area is
provided in accordance with one embodiment of the disclo-
sure;

[0023] FIG. 5 is a schematic view of a structure for
removing the remaining mask layer when one isolation area
is provided in accordance with one embodiment of the
disclosure;

[0024] FIG. 6 is a schematic view of a structure for
generating a mask layer when two isolation areas are pro-
vided in accordance with one embodiment of the disclosure;
[0025] FIG. 7 is a schematic view of a structure for
removing two preset portion regions when two isolation
areas are provided in accordance with one embodiment of
the disclosure;

[0026] FIG. 8 is a schematic view of a structure for
shallow etching an isolation area when two isolation areas
are provided in accordance with one embodiment of the
disclosure;

[0027] FIG. 9 is a schematic view of a structure for
preparing isolation areas when two isolation areas are pro-
vided in accordance with one embodiment of the disclosure;
and

[0028] FIG. 10 is a schematic view of a structure for
removing the remaining mask layer when two isolation areas
are provided in accordance with one embodiment of the
disclosure.

[0029] Therein: 1. gallium oxide material; 2. mask layer;
3. isolation area.

[0030] Corresponding numerals and symbols in the dif-
ferent figures generally refer to corresponding parts unless
otherwise indicated. The figures are drawn to clearly illus-
trate the relevant aspects of the various embodiments and are
not necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0031] The making and using of the embodiments of this
disclosure are discussed in detail below. It should be appre-
ciated, however, that the concepts disclosed herein can be
embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative, and do not
limit the scope of the claims.

[0032] For those skilled in the art to better understand the
technical scheme, the technical scheme in the embodiments
of the disclosure will be clearly described below in con-
junction with the drawings in the embodiments of the
disclosure. Obviously, the described embodiments are part
of the scheme, rather than all the embodiments. Based on the
embodiments of the disclosure, all other embodiments
obtained by a person of ordinary skill in the art without
involving any inventive effort are within the scope of the
disclosure.

[0033] The term “comprising” and any variations thereof
in the description and claims of the disclosure and in the
above-mentioned figures means “including, but not limited
to”, and is intended to cover a non-exclusive inclusion.
[0034] Implementations of the disclosure are described in
detail below with reference to specific drawings.
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[0035] FIG. 1 illustrates a method for preparing an isola-
tion area of a gallium oxide device provided by embodi-
ments of the disclosure, for ease of illustration, only those
portions relevant to embodiments of the disclosure have
been shown and described in detail below.

[0036] As shown in FIG. 1, the method for preparing an
isolation area of a gallium oxide device provided by the
embodiment of the disclosure comprises the following steps.
[0037] At step S101, deposit a mask layer on a gallium
oxide material.

[0038] At step S102, remove a preset portion region of the
mask layer.

[0039] At step S103, prepare an isolation area in a posi-
tion, corresponding to the preset portion region, on the
gallium oxide material by using a high-temperature oxida-
tion technique, with the isolation area being located between
active areas of the gallium oxide device.

[0040] At step S104, remove the remaining mask layer on
the gallium oxide material.

[0041] In the embodiment, the preset portion region cor-
responds to the part of the gallium oxide material which
needs to be provided with the isolation area, and the preset
portion region may be one or multiple, and the number of the
preset portion region are determined according to the num-
ber of the isolation area.

[0042] In this embodiment, the isolation area is non-
electron isolation area.

[0043] In the embodiment of the disclosure, the isolation
area is prepared by using the high-temperature oxidation
technique, which prevents damage to the gallium oxide
device during the preparation of the isolation area, and
improves the breakdown voltage of the gallium oxide
device, thereby achieving isolation between the active areas
of the gallium oxide device.

[0044] In one embodiment of the disclosure, the mask
layer is prepared by MOCVD, PECVD, LPCVD, MBE,
electrode metal autoxidation, or a combination of multiple
methods.

[0045] In one embodiment of the disclosure, the high-
temperature oxidation technique comprises: performing a
high-temperature annealing in an oxygen atmosphere, and
an annealing temperature of the high-temperature annealing
is greater than or equal to 300° C., and an annealing time of
the high-temperature annealing is greater than or equal to 30
s.
[0046] In one embodiment of the disclosure, one or more
isolation areas are prepared on the gallium oxide material,
and the number of isolation areas is greater than or equal to
1.

[0047] In the embodiment, the isolation area comprises
several sub-regions.

[0048] In the embodiment, the number of the isolation
area may be one or more.

[0049] In one embodiment of the disclosure, the isolation
areas are the same in depth.

[0050] In the embodiment, several sub-regions of the
isolation area are the same in depth.

[0051] In one embodiment of the disclosure, the isolation
areas are different in depth.

[0052] In the embodiment, several sub-regions of the
isolation area are different in depth.

[0053] In one embodiment of the disclosure, after step
S102, the method further comprises: shallow etching the
isolation area on the gallium oxide material.
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[0054] In the embodiment, the shape of the isolation area
is etched out in advance through shallow etching, so that the
performance of the gallium oxide device is not influenced,
and preparation is made for preparing the isolation areas
through later high-temperature oxidation.

[0055] In one embodiment of the disclosure, the depth of
the shallow etching is 100 nm or less.

[0056] In one embodiment of the disclosure, the mask
layer is formed of a metal, insulating medium, or semicon-
ductor material.

[0057] In the embodiment, the mask layer is a layer of
metal, or a layer of insulating medium, or a semiconductor
material, or a combination of multiple layers.

[0058] In one embodiment of the disclosure, removing the
preset portion region of the mask layer comprises: removing
the preset portion region of the mask layer by photoetching,
developing and dry etching.

[0059] In one embodiment of the disclosure, removing the
preset portion region of the mask layer comprises: removing
the preset portion region of the mask layer by photoetching,
developing and wet etching.

[0060] For ease of understanding, several specific appli-
cations are described below.

[0061] As shown in FIG. 2-FIG .5, application 1 is
described as follows.

[0062] Deposit a mask layer 2 on a gallium oxide material
1

[0063] Remove a preset portion region of the mask layer
2, and the number of the preset portion region is one.
[0064] Prepare one isolation areas in a position, corre-
sponding to the preset portion region, on the gallium oxide
material 1 by using a high-temperature oxidation technique,
with the isolation area being located between active areas of
the gallium oxide device.

[0065] And remove the remaining mask layer 2 on the
gallium oxide material 1.

[0066] Application 2 is described as follows.
[0067] Deposit a mask layer on a gallium oxide material.
[0068] Remove preset portion regions of the mask layer,

and the number of the preset portion regions is two.
[0069] Prepare two isolation areas in a position, corre-
sponding to the preset portion regions, on the gallium oxide
material by using a high-temperature oxidation technique,
with the isolation areas being located between active areas
of the gallium oxide device.

[0070] And remove the remaining mask layer on the
gallium oxide material.

[0071] Application 3 is described as follows.
[0072] Deposit a mask layer on a gallium oxide material.
[0073] Remove a preset portion region of the mask layer,

and the number of the preset portion region is one.

[0074] Shallow etch one isolation area on the gallium
oxide material, the depth of etching is 50 nm.

[0075] Prepare one isolation area in a position, corre-
sponding to the preset portion region, on the gallium oxide
material by using a high-temperature oxidation technique,
with the isolation area being located between active areas of
the gallium oxide device.

[0076] And remove the remaining mask layer on the
gallium oxide material.

[0077] As shown in FIG. 6-FIG. 10, application 4 is
described as follows.

[0078] Deposit a mask layer 2 on a gallium oxide material
1.
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[0079] Remove preset portion regions of the mask layer 2,
and the number of the preset portions region is two.
[0080] Shallow etch one isolation area on the gallium
oxide material 1, and the depth of etching is 50 nm.
[0081] Prepare two isolation areas 3 in a position, corre-
sponding to the preset portion region, on the gallium oxide
material 1 by using a high-temperature oxidation technique,
with the isolation areas 3 being located between active areas
of the gallium oxide device.

[0082] And remove the remaining mask layer 2 on the
gallium oxide material 1.

[0083] Application 5 is described as follows.
[0084] Deposit a mask layer on a gallium oxide material.
[0085] Remove preset portion regions of the mask layer,

and the number of the preset portion regions is two.
[0086] Shallow etch two isolation areas on the gallium
oxide material, and the depth of etching is 50 nm.

[0087] Preparing two isolation areas in a position, corre-
sponding to the preset portion region, on the gallium oxide
material by using a high-temperature oxidation technique,
with the isolation areas being located between active areas
of the gallium oxide device.

[0088] Remove the remaining mask layer on the gallium
oxide material.
[0089] As described above, the above embodiments are

merely illustrative of the technical solutions of the disclo-
sure, not limiting thereof; although the disclosure has been
described in detail with reference to the foregoing embodi-
ments, those skilled in the art will appreciate that: the
technical solutions of the above-mentioned embodiments
can still be modified, or some of the technical features
thereof can be equivalently replaced; such modifications and
substitutions do not depart from the spirit and scope of the
embodiments of the disclosure in its nature.
[0090] Although embodiments of the present disclosure
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the
disclosure as defined by the appended claims.
[0091] Moreover, the scope of the present disclosure is not
intended to be limited to the particular embodiments
described here. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present disclosure that
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed, may perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein. Accordingly, the appended
claims are intended to include within their scope such
processes, machines, manufacture, compositions of matter,
means, methods, or steps.
What is claimed is:
1. A method for preparing an isolation area of a gallium
oxide device, comprising:
depositing a mask layer on a gallium oxide material;
removing a preset portion region of the mask layer;
preparing an isolation area in a position, corresponding to
the preset portion region, on the gallium oxide material
by using a high-temperature oxidation technique, with
the isolation area being located between active areas of
the gallium oxide device; and
removing the remaining mask layer on the gallium oxide
material.
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2. The method of claim 1, wherein the high-temperature
oxidation technique comprises:

performing a high-temperature annealing in an oxygen

atmosphere, and an annealing temperature of the high-
temperature annealing is greater than or equal to 300°
C., and an annealing time of the high-temperature
annealing is greater than or equal to 30 s.

3. The method of claim 1, wherein one or more isolation
areas are prepared on the gallium oxide material, and the
number of isolation areas is greater than or equal to 1.

4. The method of claim 3, wherein the isolation areas are
the same in depth.

5. The method of claim 3, wherein the isolation areas are
different in depth.

6. The method of claim 1, wherein after removing the
preset portion region of the mask layer, further comprising:

shallow etching the isolation area on the gallium oxide

material.

7. The method of claim 6, wherein the depth of the
shallow etching is 100 nm or less.

8. The method of claim 1, wherein the mask layer is
formed of a metal, insulating medium, or semiconductor
material.

9. The method of claim 1, wherein removing the preset
portion region of the mask layer comprises:

removing the preset portion region of the mask layer by

photoetching, developing and dry etching.

10. The method of claim 1, wherein removing the preset
portion region of the mask layer comprises:

removing the preset portion region of the mask layer by

photoetching, developing and wet etching
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