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SEMICONDUCTOR SUBSTRATE, SEMICONDUCTOR DEVICE
AND MANUFACTURING METHOD OF SEMICONDUCTOR
SUBSTRATE

TECHNICAL FIELD

The present invention relates to microelectronics, and more particularly to a
semiconductor substrate, a semiconductor device and a manufacturing method of the

semiconductor substrate.

BACKGROUND

Il group nitrides, such as gallium nitride, draw more and more attentions because
they can be widely used in light-emitting diodes (LEDs) of semiconductor lighting
devices as well as high-power electronic devices. Due to lack of intrinsic substrates,
gallium nitride devices are generally prepared on heterogeneous substrates, such as
sapphire, silicon carbide and silicon. Due to their wide applications, silicon substrates
have the best size and quality among the above-mentioned substrate materials. Currently,
complementary metal oxide semiconductors (CMOSs) are mainly manufactured based on
12-inch silicon substrates. In addition, silicon has the best economy among the
above-mentioned substrate materials. Therefore, the best way to reduce costs of gallium
nitride based devices is to prepare gallium nitride materials on large-sized silicon
substrates.

However, because there are huge lattice mismatch and thermal mismatch between
gallium nitride and silicon, a lot of stresses will be introduced during the processes of
preparation and cooling. Such stresses will result in warping of epitaxial layers and
cracking of epitaxial films, and bring damages to the silicon substrates themselves. Due to
residual stresses in the silicon substrates, gallium nitride epitaxial layers on the silicon
wafers may be broken during the manufacturing processes, thereby bringing huge losses.
To avoid this, a usual approach is to use thick silicon substrates. However, there is a limit
for thicknesses of the substrates due to processing conditions. If a thickness of a silicon
substrate exceeds a certain threshold, the substrate cannot be treated by processing
apparatus, for example, it cannot be focused and aligned by a lithography apparatus, thus

the processing cannot be implemented.
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Therefore, in view of the above-mentioned technical problems and improvement
methods, it is necessary to provide a semiconductor substrate, a semiconductor device and
a manufacturing method of the semiconductor substrate.

SUMMARY

In order to resolve the above-mentioned problems, the present invention proposes a
composite substrate structure. Generally speaking, due to symmetry, it is preferable that
gallium nitride epitaxial wafers are prepared on Si (111) substrates, so that the prepared
epitaxial films have good crystal quality, electrical and optical properties. A lattice
structure of gallium nitride has a characteristic of hexagonal symmetry, release of stresses
follows the same relationship. Cleavage planes of Si (111) have a characteristic of triangle
symmetry, thus damages to silicon substrates due to stresses are triangle symmetrical.
Due to the symmetrical matching relationship, a semiconductor having gallium nitride
crystal prepared on Si (111) has the best quality but is most likely to be broken when
subjecting stresses. To avoid this, the present invention proposes to prepare a gallium
nitride epitaxial layer using an asymmetric composite silicon substrate.

Stresses inside a silicon semiconductor are accumulated as a thickness of silicon in a
same crystallographic direction increases. When a surface of silicon in a certain
crystallographic direction contacts with a surface of silicon in another crystallographic
direction, the stresses will be reduced, rather than being accumulated. In the present
invention, by introducing two or more layers of Si (111) having different crystallographic
directions and making cleavage planes of Si (111) semiconductor layers which are
contacted with each other do not coincide, damages to the silicon substrates by stresses
are reduced. Therefore, breakage of gallium nitride semiconductor layer caused by
cracking of the silicon substrates can be avoided, and robustness and reliability of the
gallium nitride semiconductor layer can be improved.

The above-mentioned composite substrate may also be formed by combining two
semiconductor layers having different crystallographic directions, e.g., by combining a Si
(111) semiconductor layer and a Si (100) semiconductor layer. By controlling bonding
angles of silicon wafers, the cleavage planes of the Si (111) semiconductor layer and the
Si (100) semiconductor layer do not coincide, damages will be reduced greatly when they

are transferred from the gallium nitride epitaxial layer to one of the silicon semiconductor
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layers, and will be avoided to be transferred to the other silicon semiconductor layer.
Therefore, the likelihood of breakage of the substrates due to stresses on the gallium
nitride epitaxial layers will be reduced, robustness and reliability of the substrates is
improved.

The above-mentioned composite substrate can be formed using a wafer bonding
method, for example, by arranging two thin substrates to make their crystallographic
directions be staggered and then bonding them.

To achieve the above-mentioned objects, embodiments of the present invention
provide the following technical schemes.

A semiconductor substrate comprises a first semiconductor layer and a second
semiconductor layer located on the first semiconductor layer; wherein the first
semiconductor layer and the second semiconductor layer have different cleavage planes in
a vertical direction; a semiconductor layer obtained by symmetrically rotating the first
semiconductor layer according to a lattice structure of the first semiconductor layer has a
different cleavage plane in the vertical direction as that of the second semiconductor layer;
a semiconductor layer obtained by symmetrically rotating the second semiconductor layer
according to a lattice structure of the second semiconductor layer has a different cleavage
plane in the vertical direction as that of the first semiconductor layer; or the
semiconductor layer obtained by symmetrically rotating the first semiconductor layer
according to the lattice structure of the first semiconductor layer and the semiconductor
layer obtained by symmetrically rotating the second semiconductor layer according to the
lattice structure of the second semiconductor layer have different cleavage planes in the
vertical direction.

As a further improvement of the present invention, the first semiconductor layer and
the second semiconductor layer have a same material or different materials.

As a further improvement of the present invention, the first sesmiconductor layer and
the second semiconductor layer have a same lattice structure, a same crystallographic
direction in the vertical direction, and non-coincident crystallographic directions in a
horizontal direction.

As a further improvement of the present invention, the first semiconductor layer and
the second semiconductor layer have different lattice structures, and non-coincident
crystallographic directions in a horizontal direction.

As a further improvement of the present invention, a material of the first
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semiconductor layer is one of a crystalline material and an amorphous material or a
combination thereof.

As a further improvement of the present invention, the material of the first
semiconductor layer is the amorphous material, the amorphous material comprises a
non-semiconductor material, the non-semiconductor material is one of aluminum nitride,
polycrystalline silicon carbide, ceramics and quartz.

As a further improvement of the present invention, the material of the first
semiconductor layer is the amorphous material, a bonding direction of the first
semiconductor layer and the second semiconductor layer is not limited.

As a further improvement of the present invention, the second semiconductor layer
is a crystalline layer.

As a further improvement of the present invention, the first semiconductor layer and
the second semiconductor layer are laminated sequentially and alternately to form a
laminated structure having three or more layers.

As a further improvement of the present invention, the laminated structure comprises
a dielectric layer between the first semiconductor layer and the second semiconductor
layer.

As a further improvement of the present invention, the dielectric layer and an
adjacent first semiconductor layer have a same crystallographic direction in the vertical
direction, and non-coincident crystallographic directions in a horizontal direction; and/or,
the dielectric layer and an adjacent second semiconductor layer have a same
crystallographic direction in the vertical direction, and non-coincident crystallographic
directions in the horizontal direction.

As a further improvement of the present invention, the dielectric layer and an
adjacent first semiconductor layer have different crystal structures, and non-coincident
crystallographic directions in a horizontal direction; and/or, the dielectric layer and an
adjacent second semiconductor layer have different crystal structures, and non-coincident
crystallographic directions in the horizontal direction.

A semiconductor device comprises a semiconductor substrate and a semiconductor
epitaxial layer located on the semiconductor substrate, the semiconductor substrate is a
semiconductor substrate according to any of the above-described embodiments.

As a further improvement of the present invention, the semiconductor epitaxial layer

comprises one of silicon, gallium arsenide, gallium nitride, aluminum gallium nitride,
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indium gallium nitride, aluminum gallium indium nitrogen or a combination thereof.

As a further improvement of the present invention, the semiconductor device is one
of a light emitting diode, a laser diode, a high electron mobility transistor, a field effect
transistor, a Schottky diode, a PIN diode and a solar cell.

A manufacturing method of a semiconductor substrate comprises:

S1. providing a first semiconductor layer;

S2. preparing a second semiconductor layer on the first semiconductor layer,
wherein the first semiconductor layer and the second semiconductor layer have different
cleavage planes in a vertical direction; a semiconductor layer obtained by symmetrically
rotating the first semiconductor layer according to a lattice structure of the first
semiconductor layer has a different cleavage plane in the vertical direction as that of the
second semiconductor layer; a semiconductor layer obtained by symmetrically rotating
the second semiconductor layer according to a lattice structure of the second
semiconductor layer has a different cleavage plane in the vertical direction as that of the
first semiconductor layer; or the semiconductor layer obtained by symmetrically rotating
the first semiconductor layer according to the lattice structure of the first semiconductor
layer and the semiconductor layer obtained by symmetrically rotating the second
semiconductor layer according to the lattice structure of the second semiconductor layer
have different cleavage planes in the vertical direction.

As a further improvement of the present invention, after the step S2, the method
further comprises: preparing a semiconductor epitaxial layer on the second semiconductor
layer.

As a further improvement of the present invention, the first semiconductor layer and
the second semiconductor layer are prepared with one of a Czochralski method, a zone
melting method, a physical vapor deposition method and a chemical vapor deposition
method or a combination thereof.

As a further improvement of the present invention, in the step S2, wafer bonding is
used to prepare the second semiconductor layer on the first sesmiconductor layer.

As a further improvement of the present invention, the semiconductor epitaxial layer
is prepared with one of a metal organic chemical vapor deposition method, a molecular
beam epitaxy method and a hydride vapor phase epitaxy method or a combination
thereof.

As a further improvement of the present invention, after the step S2, the method
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further comprises: preparing the first semiconductor layer on the second semiconductor
layer to form a laminated structure having three layers; or, preparing the first
semiconductor layer and the second semiconductor layer sequentially and alternately on
the second semiconductor layer to form a laminated structure having more than three
layers.

As a further improvement of the present invention, the method further comprises:
growing a dielectric layer between the first semiconductor layer and the second
semiconductor layer.

As a further improvement of the present invention, the dielectric layer is made with
one of deposition, thermal oxidation and nitridation, the deposition is one of CVD,
PECVD, LPCVD, RTCVD, MOCVD, MBE, ALD or a combination thereof.

The substrates according to the present invention have special lattice structures and
mechanical structures. By providing the semiconductor substrates having composite
structures, even if thicknesses of the substrates are not changed, the damages to the
silicon substrates due to stresses by the semiconductor epitaxial layers can be reduced,
thereby decreasing the likelihood of breakage of the silicon substrates. Furthermore, the
processing difficulty is reduced and the reliability of the semiconductor devices is

improved.

BRIEF DESCRIPTION OF DRAWINGS

In order to illustrate embodiments of the present invention or the prior art more
clearly, hereinafter a simple introduction is made to the accompanying drawings used in
the description of the embodiments or the prior art. It is obvious for those skilled in the art
that the accompanying drawings just illustrate some embodiments of the present
invention, and other accompanying drawings can be obtained based on the current
accompanying drawings without inventive work. In the drawings:

FIG. 1 is a schematic view illustrating various crystallographic directions of silicon
mentioned in the present invention;

FIG. 2 is a schematic view of a semiconductor substrate according to a first
embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <1-10> direction of a lower Si (111) layer is parallel,

FIG. 3 is a schematic view of a semiconductor substrate according to a second
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embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <-101> direction of a lower Si (111) layer is parallel;

FIG. 4(a) is a schematic view of a semiconductor substrate according to a third
embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <-211> direction of a lower Si (111) layer have an angle therebetween;
FIGS. 4 (b) and 4(c) are plan views illustrating the upper Si (111) layer and the lower Si
(111) layer respectively;

FIG. 5(a) is a schematic view of a semiconductor substrate according to a fourth
embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <-110> direction of a lower Si (100) layer have an angle therebetween;
FIGS. 5(b) and 5(c) are plan views illustrating the upper Si (111) layer and the lower Si
(100) layer respectively;

FIG. 6 is a schematic view illustrating a semiconductor substrate according to a fifth
embodiment of the present invention in which the substrate is a composite substrate
comprising alternately laminated Si (111) layer and Si (100) layer;

FIG. 7 is a schematic view illustrating a semiconductor substrate according to a sixth
embodiment of the present invention in which the substrate is a composite substrate
comprising alternately laminated Si (110) layer and Si (100) layer;

FIG. 8 is a schematic view illustrating a semiconductor substrate according to a
seventh embodiment of the present invention in which the substrate is a composite

substrate comprising alternately laminated Si (111) layer and Si (110) layer.

DETAILED DESCRIPTION

The present invention will be described in detail hereinafter with reference to the
specific embodiments in conjunction with the accompanying drawings. However, the
present invention is not limited to the embodiments, rather, any modification of structures,
methods or functions by those skilled in the art based on these embodiments is included
within the scope of this invention.

In addition, like reference numerals may be used in different embodiments. Such a
repeat is just for simple and clear description of the present invention, and does not imply
that there is any correlation between the different embodiments and/or structures.

FIG. 1 is a schematic view illustrating various crystallographic directions of silicon
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mentioned in the present invention. Hereinafter the present invention will be described
further with reference to FIG. 1 and various embodiments.

FIG. 2 is a schematic view of a semiconductor substrate according to a first
embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <1-10> direction of a lower Si (111) layer is parallel. In this embodiment, a
semiconductor substrate 1 comprises a first semiconductor layer 11 and a second
semiconductor layer 12 located on the first semiconductor layer 11, the second
semiconductor layer 12 may be used for preparing a semiconductor epitaxial layer 2
thereon. The first semiconductor layer 11 and the second semiconductor layer 12 have
different cleavage planes in a vertical direction.

Preferably, the first semiconductor layer 11 may be made by one of a semiconductor
material, an amorphous material and crystals or a combination thereof. The
semiconductor material may be one of Si, GaN, AIN, SiC, GaAs, InP, diamond or a
combination thereof. The amorphous material may be aluminum nitride, ceramics or
quartz. When the first semiconductor layer 11 is made of an amorphous material, the
bonding directions of the first semiconductor layer 11 and the second semiconductor layer
12 are not limited.

The first semiconductor layer 12 may be a crystal layer. A semiconductor material
used by the first semiconductor layer 12 may be one of Si, GaN, AIN, SiC, GaAs, InP,
diamond or a combination thereof. The materials of the first semiconductor layer 11 and
the second semiconductor layer 12 may be the same or different, but have non-coincident
crystallographic directions. For example, the first semiconductor layer and the second
semiconductor layer have the same lattice structure, the same crystallographic direction in
a vertical direction, but non-coincident crystallographic directions in a horizontal
direction. As another example, the first semiconductor layer and the second
semiconductor layer have different lattice structures, and non-coincident crystallographic
directions in the horizontal direction.

In this embodiment, the first semiconductor layer 11 and the second semiconductor
layer 12 may have the same lattice structure of Si (111), the same crystallographic
direction in the vertical direction, but different crystal symmetries in the horizontal
direction.

The semiconductor epitaxial layer 2 may include one of silicon, gallium arsenide,

gallium nitride, aluminum gallium nitride, indium gallium nitride, aluminum gallium
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indium nitrogen or a combination thereof. When the epitaxial layer is made of a nitride, it
can be used to form a variety of device structures, such as light emitting diodes (LEDs),
laser diodes, high electron mobility transistors (HEMTSs), field effect transistors (FETS),
Schottky diodes, PIN diodes and solar cells.

In this embodiment, a manufacturing method of the above-described semiconductor
substrate 1 is provided, comprising the steps of:

S1. providing a first semiconductor layer 11,

S2. preparing a second semiconductor layer 12 on the first semiconductor layer 11,
the first semiconductor layer 11 and the second semiconductor layer 12 having different
cleavage planes in a vertical direction.

Further, after the step S2, the method may further comprise: preparing a
semiconductor epitaxial layer 2 on the second semiconductor layer 12.

In another embodiment of the present invention, in order to manufacture a substrate
having a laminated structure including three semiconductor layers, after the step S12, the
method may further comprise:

preparing a first semiconductor layer 13 on the second semiconductor layer 12 so as
to form a laminated structure including three layers. Here, the first semiconductor layers
11 and 13 have the same lattice structure, the same crystallographic direction in the
vertical direction, and coincident or non-coincident crystallographic directions in the
horizontal direction.

Furthermore, in still another embodiment of the present invention, in order to
manufacture a substrate having a laminated structure including more than three
semiconductor layers, after the step S12, the method may further comprise:

alternately preparing a first semiconductor layer 13 and a second semiconductor
layer on the second semiconductor layer 12 so as to form a laminated structure including
more than three layers.

In this embodiment, both of the first semiconductor layer 11 and the second
semiconductor layer 12 comprise Si (111) semiconductor layers. The <-211> direction of
the second semiconductor layer 12, i.e., the upper Si (111) semiconductor layer, and the
<1-10> direction of the first semiconductor layer 11, i.e., the lower Si (111)
semiconductor layer, are parallel to each other. In other embodiments, the <-211>
direction of the second semiconductor layer 12 and the <1-10> direction of the first
semiconductor layer 11 may have an angle therebetween, such as 10°, 20° or 30° or the
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like. The first semiconductor layer 11 and the second semiconductor layer 12 may be
alternately laminated to form a composite structure, such that cleavage planes of the
upper Si (111) semiconductor layer and the lower Si (111) semiconductor layer are
staggered with each other. Compared with a single silicon semiconductor layer, with this
embodiment, accumulation of stresses at interfaces between the upper Si (111)
semiconductor layer and the lower Si (111) semiconductor layer is decreased. Therefore,
diffusion of stresses accumulated locally in the silicon semiconductor layer to the whole
silicon semiconductor layer is avoided and thus cracking of the whole silicon substrate is
avoided.

FIG. 3 is a schematic view of a semiconductor substrate according to a second
embodiment of the present invention in which the <-211> direction of an upper Si (111)
layer and the <-101> direction of a lower Si (111) layer is parallel. In this embodiment, a
semiconductor substrate 1 comprises a first semiconductor layer 11 and a second
semiconductor layer 12 located on the first semiconductor layer 11, the second
semiconductor layer 12 may be used for preparing a semiconductor epitaxial layer 2
thereon.

The first semiconductor layer 11 comprises a lower Si (111) semiconductor layer,
and the second semiconductor layer 12 comprises an upper Si (111) semiconductor layer.
The <-211> direction of the upper Si (111) semiconductor layer and the <-101> direction
of the lower Si (111) semiconductor layer are parallel to each other. Preferably, the first
semiconductor layer 11 and the second semiconductor layer 12 may be alternately
laminated to form a composite structure. With this embodiment, the cleavage planes of
the upper Si (111) semiconductor layer and the lower Si (111) semiconductor layer are not
in the same direction, thus cracking of the silicon substrate due to accumulation of
stresses can be avoided, and reliability of the substrate is greatly improved.

FIGS. 4(a), 4(b) and 4(c) are schematic views of a semiconductor substrate
according to a third embodiment of the present invention in which the <-211> direction of
an upper Si (111) layer and the <-211> direction of a lower Si (111) layer have an angle
therebetween. Here, FIG. 4(a) is a schematic cross-sectional view, and FIGS. 4 (b) and 4(c)
are plan views illustrating the upper Si (111) layer and the lower Si (111) layer
respectively. In this embodiment, a semiconductor substrate 1 comprises a first
semiconductor layer 11 and a second semiconductor layer 12 located on the first
semiconductor layer 11, the second semiconductor layer 12 may be used for preparing a

10
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semiconductor epitaxial layer 2 thereon.

The first semiconductor layer 11 comprises a lower Si (111) semiconductor layer,
and the second semiconductor layer 12 comprises an upper Si (111) semiconductor layer.
The <-211> direction of the upper Si (111) semiconductor layer and the <-211> direction
of the lower Si (111) semiconductor layer have an angle therebetween. The angle is an
angle other than 60° nor an integer multiple of 60°. Preferably, the first semiconductor
layer 11 and the second semiconductor layer 12 may be alternately laminated to form a
composite structure. With this embodiment, the cleavage planes of the upper Si (111)
semiconductor layer and the lower Si (111) semiconductor layer are not in the same
direction, thus cracking of the silicon substrate due to accumulation of stresses can be
avoided, and reliability of the substrate is greatly improved.

FIGS. 5(a), 5(b) and 5(c) are schematic views of a semiconductor substrate
according to a fourth embodiment of the present invention in which the <-211> direction
of an upper Si (111) layer and the <-110> direction of a lower Si (100) layer have an
angle therebetween. Here, FIG. 5(a) is a schematic cross-sectional view, and FIGS. 5 (b)
and 5(c) are plan views illustrating the upper Si (111) layer and the lower Si (100) layer
respectively. In this embodiment, a semiconductor substrate 1 comprises a first
semiconductor layer 11 and a second semiconductor layer 12 located on the first
semiconductor layer 11, the second semiconductor layer 12 may be used for preparing a
semiconductor epitaxial layer 2 thereon. In this embodiment, the first semiconductor layer
11 and the second semiconductor layer 12 have different lattice structures, and
non-coincident crystallographic directions in the horizontal direction.

The first semiconductor layer 11 comprises a lower Si (100) semiconductor layer,
and the second semiconductor layer 12 comprises an upper Si (111) semiconductor layer.
The <-211> direction of the upper Si (111) semiconductor layer and the <-110> direction
of the lower Si (100) semiconductor layer have an angle therebetween. The angle is an
angle other than 90° nor an integer multiple of 90°. Preferably, the first semiconductor
layer 11 and the second semiconductor layer 12 may be alternately laminated to form a
composite structure. With this embodiment, the cleavage planes of the upper Si (111)
semiconductor layer and the lower Si (100) semiconductor layer are not in the same
direction, thus cracking of the silicon substrate due to accumulation of stresses can be
avoided, and reliability of the substrate is greatly improved.

It should be noted that, in this embodiment, the semiconductor substrate 1 may be

11
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formed by laminating three or more semiconductor layers. A semiconductor epitaxial
layer 2 may be prepared on the semiconductor substrate 1. Here, the semiconductor layers
include a first semiconductor layer 11 and a second semiconductor layer 12. When the
semiconductor substrate comprises two or more first semiconductor layers, the plurality
of first semiconductor layers have the same lattice structure, the same crystallographic
direction in the vertical direction, and coincident or non-coincident crystallographic
directions in the horizontal direction. Similarly, when the semiconductor substrate
comprises two or more second semiconductor layers, the plurality of second
semiconductor layers have the same lattice structure, the same crystallographic direction
in the vertical direction, and coincident or non-coincident crystallographic directions in
the horizontal direction.

FIG. 6 is a schematic view illustrating a semiconductor substrate according to a fifth
embodiment of the present invention. As an example, a composite substrate shown in FIG.
6 comprises three semiconductor layers, i.e., a first semiconductor layer 11, a second
semiconductor layer 12 and a first semiconductor layer 13 from bottom to up. Here, the
first semiconductor layer 11 and the second semiconductor layer have the same crystal
structure, the same crystallographic direction in the vertical direction, and coincident or
non-coincident crystallographic directions in the horizontal direction.

The first semiconductor layer and the second semiconductor layer are sequentially
and alternately laminated so as to form a laminated structure including three
semiconductor layers. In this embodiment, the first semiconductor layer comprises a
lower Si (111) semiconductor layer, the second semiconductor layer 12 comprises an
upper Si (100) semiconductor layer.

It should be noted that the semiconductor substrate formed by laminating the first
semiconductor layer 11 and the second semiconductor layer 12 sequentially and
alternately is not limited to the three-layer structure shown in FIG. 6. In practice, as an
expansion of this embodiment, by laminating the first semiconductor layer 11 and the
second semiconductor layer 12 sequentially and alternately, a laminated structure
including more than three layers can be formed.

When the first semiconductor layer 11 is Si (111) and the second semiconductor
layer 12 is Si (100), in this embodiment, by laminating the first semiconductor layer 11
and the second semiconductor layer 12 sequentially and alternately, a composite substrate
structure including Si (111), Si (100), Si (111) and Si (100) can be formed. With this

12
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method, the cleavage planes of various silicon semiconductor layers are ensured to not be
in the same direction, thus cracking of the silicon substrate due to accumulation of
stresses can be avoided, and reliability of the substrate is greatly improved.

Further, in the laminated structure which has three or more layers and is formed by
laminating the first semiconductor layer 11 and the second semiconductor layer 12
sequentially and alternately, a dielectric layer (not shown in FIG. 6) may be further
included between the first and second semiconductor layers 11 and 12. A dielectric layer
material may be one of SiO,, SiN, AIN and the like.

The dielectric layer and the adjacent first semiconductor layer 11 have the same
crystallographic direction in the vertical direction and non-coincident crystallographic
directions in the horizontal direction; and/or the dielectric layer and the adjacent second
semiconductor layer 12 have the same crystallographic direction in the vertical direction
and non-coincident crystallographic directions in the horizontal direction.

On the one hand, a dielectric layer material may be amorphous, and thus can be used
as a buffer layer of the substrate material, so that stress accumulation is reduced. On the
other hand, the material of the dielectric layer may have a high dielectric constant (e.g.,
the dielectric constant of SiO; is 3.9, the dielectric constant of SiN is 7.0, and the
dielectric constant of AIN is 8.5) and a high critical breakdown electrical field. Under the
premise of ensuring that the substrate can withstand a sufficient breakdown voltage, the
dielectric material may have a sufficient thickness. Thus, the quality of the dielectric
material can be ensured, robustness and reliability of the substrate material can be
improved.

FIG. 7 is a schematic view illustrating a semiconductor substrate according to a sixth
embodiment of the present invention in which the substrate is a composite substrate
comprising alternately laminated Si (110) layer and Si (100) layer. In this embodiment, a
semiconductor substrate 1 can be formed by alternately laminating three or more
semiconductor layers. A semiconductor epitaxial layer 2 may be prepared on the
semiconductor substrate 1. Here, the semiconductor layers include a first semiconductor
layer 11 and a second semiconductor layer 12.

As an example, the composite substrate shown in FIG. 7 comprises three
semiconductor layers, i.e., a first semiconductor layer 11, a second semiconductor layer
12 and a first semiconductor layer 13 from bottom to up. Here, the first semiconductor
layer 11 and the second semiconductor layer have the same crystal structure, the same
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crystallographic direction in the vertical direction, and coincident or non-coincident
crystallographic directions in the horizontal direction. In this embodiment, the first
semiconductor layer comprises a lower Si (110) semiconductor layer, the second
semiconductor layer 12 comprises an upper Si (100) semiconductor layer.

In this embodiment, by laminating the first semiconductor layer 11 and the second
semiconductor layer 12 sequentially and alternately, a composite substrate structure
including Si (110), Si (100), Si (110) and Si (100) can be formed. The composite substrate
may include a laminated structure having three or more layers. With this method, the
cleavage planes of various silicon semiconductor layers are ensured to not be in the same
direction, thus cracking of the silicon substrate due to accumulation of stresses can be
avoided, and reliability of the substrate is greatly improved.

Furthermore, the laminated structure may further comprise a dielectric layer (not
shown in FIG. 7) between the first and second semiconductor layers 11 and 12. A material
of the dielectric layer may be one of SiO2, SiN, AIN and the like. The dielectric layer and
the adjacent first semiconductor layer 11 and/or the adjacent second semiconductor layer
12 have the same crystallographic direction in the vertical direction and non-coincident
crystallographic directions in the horizontal direction; or the dielectric layer and the
adjacent first semiconductor layer 11 and/or the adjacent second semiconductor layer 12
have different lattice structures, and non-coincident crystallographic directions in the
horizontal direction. On the one hand, the dielectric layer can be used as a buffer layer of
the substrate material, so that stress accumulation is reduced. On the other hand, the
material of the dielectric layer may have a high dielectric constant (e.g., the dielectric
constant of SiO; is 3.9, the dielectric constant of SiN is 7.0, and the dielectric constant of
AIN is 8.5). Under the premise of ensuring that the substrate can withstand a sufficient
breakdown voltage, the dielectric material may have a sufficient thickness. Thus, the
quality of the dielectric material can be ensured, robustness and reliability of the substrate
can be improved.

FIG. 8 is a schematic view illustrating a semiconductor substrate according to a
seventh embodiment of the present invention in which the substrate is a composite
substrate comprising alternately laminated Si (111) layer and Si (110) layer. In this
embodiment, a semiconductor substrate 1 can be formed by alternately laminating three
or more semiconductor layers. A semiconductor epitaxial layer 2 may be prepared on the
semiconductor substrate 1. Here, the semiconductor layers include a first semiconductor
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layer 11 and a second semiconductor layer 12.

The composite substrate shown in FIG. 8 comprises three semiconductor layers, i.e.,
a first semiconductor layer 11, a second semiconductor layer 12 and a first semiconductor
layer 13 from bottom to up. Here, the first semiconductor layer 11 and the second
semiconductor layer have the same crystal structure, the same crystallographic direction
in the vertical direction, and coincident or non-coincident crystallographic directions in
the horizontal direction. The first semiconductor layer and the second semiconductor
layer are laminated sequentially and alternately so as to form a composite structure
including three or more layers. In this embodiment, the first semiconductor layer
comprises a lower Si (111) semiconductor layer, the second semiconductor layer 12
comprises an upper Si (110) semiconductor layer. By laminating the two kinds of
semiconductor layers, the composite substrate structure including Si (111), Si (110), Si
(111) and Si (110) can be formed. With this method, the cleavage planes of various silicon
semiconductor layers are ensured to not be in the same direction, thus cracking of the
silicon substrate due to accumulation of stresses can be avoided, and reliability of the
substrate is greatly improved.

Further, the laminated structure may further comprise a dielectric layer between the
first and second semiconductor layers. A dielectric layer material may be one of SiO>, SiN,
AIN and the like. The dielectric layer and the adjacent first semiconductor layer and/or
the adjacent second semiconductor layer have the same crystallographic direction in the
vertical direction and non-coincident crystallographic directions in the horizontal
direction; or the dielectric layer and the adjacent first semiconductor layer and/or the
adjacent second semiconductor layer have different lattice structures, and non-coincident
crystallographic directions in the horizontal direction. On the one hand, a dielectric layer
material may be amorphous, and thus can be used as a buffer layer of the substrate
material, so that stress accumulation is reduced. On the other hand, the material of the
dielectric layer may have a high dielectric constant (e.g., the dielectric constant of SiO; is
3.9, the dielectric constant of SiN is 7.0, and the dielectric constant of AIN is 8.5) and a
high critical breakdown electrical field. Under the premise of ensuring that the substrate
can withstand a sufficient breakdown voltage, the dielectric material may have a
sufficient thickness. Thus, the quality of the dielectric material can be ensured, robustness
and reliability of the substrate material can be improved.

To sum up, as long as the first semiconductor layer and the second semiconductor
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layer in the substrate, or semiconductor layers obtained by symmetrically rotating the first
semiconductor layer and the second semiconductor layer according to their respective
lattice structures, have different cleavage planes in the wvertical direction, stress
accumulation at an interface between the first and second semiconductor layers can be
reduced. Therefore, diffusion of stresses accumulated locally in the second semiconductor
layer to the whole semiconductor layer is avoided and thus cracking of the whole silicon
substrate is avoided. Specifically, the first semiconductor layer and the second
semiconductor layer have different cleavage planes in the vertical direction; a
semiconductor layer obtained by symmetrically rotating the first semiconductor layer
according to its lattice structure and the second semiconductor layer have different
cleavage planes in the vertical direction; the first semiconductor layer and a
semiconductor layer obtained by symmetrically rotating the second semiconductor layer
according to its lattice structure have different cleavage planes in the vertical direction; a
semiconductor layer obtained by symmetrically rotating the first semiconductor layer
according to its lattice structure and a semiconductor layer obtained by symmetrically
rotating the second semiconductor layer according to its lattice structure have different
cleavage planes in the vertical direction.

As can be seen from the above technical schemes, the substrates according to the
present invention have special lattice structures and mechanical structures. By providing
the semiconductor substrates having composite structures, even if thicknesses of the
substrates are not changed, the damages to the silicon substrates due to stresses by the
semiconductor epitaxial layers can be reduced, thereby decreasing the likelihood of
breakage of the silicon substrates. Furthermore, the processing difficulty is reduced and
the reliability of the semiconductor devices is improved.

It will be understood by those skilled in the art that the present invention is not
limited to the exemplary embodiments, rather, this invention may be realized in other
specific forms without departing from the spirit or features of the present invention.
Therefore, the embodiments should be considered as exemplary, not limitative. The scope
of the present invention is defined by the appended claims rather than the foregoing
description. This invention is intended to cover all modifications included within the spirit
and scope of the appended claims and the equivalent arrangements. Any reference
numeral in the claims should not be considered as limitation to the claims.

Further, it will be understood that although various embodiments are described in the

16



specification, it does not mean that each embodiment contains only one separate technical
scheme. This description manner is just for clarity, the specification should be considered
as a whole by those skilled in the art. The technical schemes in various embodiments may

be combined to form other embodiments understood by those skilled in the art.
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What is claimed is:

1. A semiconductor substrate, comprising a first semiconductor layer and a second
semiconductor layer located on the first semiconductor layer; wherein

the first semiconductor layer and the second semiconductor layer have different
cleavage planes in a vertical direction; or

a semiconductor layer obtained by symmetrically rotating the first semiconductor
layer according to a lattice structure of the first semiconductor layer has a different
cleavage plane in the vertical direction as that of the second semiconductor layer; or

a semiconductor layer obtained by symmetrically rotating the second semiconductor
layer according to a lattice structure of the second semiconductor layer has a different
cleavage plane in the vertical direction as that of the first semiconductor layer; or

the semiconductor layer obtained by symmetrically rotating the first semiconductor
layer according to the lattice structure of the first semiconductor layer and the
semiconductor layer obtained by symmetrically rotating the second semiconductor layer
according to the lattice structure of the second semiconductor layer have different
cleavage planes in the vertical direction.

2. The semiconductor substrate according to claim 1, wherein the first semiconductor
layer and the second semiconductor layer have a same lattice structure, a same
crystallographic direction in the vertical direction, and non-coincident crystallographic
directions in a horizontal direction.

3. The semiconductor substrate according to claim 1, wherein the first semiconductor
layer and the second semiconductor layer have different lattice structures, and
non-coincident crystallographic directions in a horizontal direction.

4. The semiconductor substrate according to claim 1, wherein a material of the first
semiconductor layer is one of a crystalline material and an amorphous material or a
combination thereof.

3. The semiconductor substrate according to claim 4, wherein the material of the first
semiconductor layer is the amorphous material, the amorphous material comprises a
non-semiconductor material, the non-semiconductor material is one of aluminum nitride,
polycrystalline silicon carbide, ceramics and quartz.

6. The semiconductor substrate according to claim 4, wherein the material of the first
semiconductor layer is the amorphous material, a bonding direction of the first

semiconductor layer and the second semiconductor layer is not limited.
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7. The semiconductor substrate according to claim 1, wherein the second
semiconductor layer is a crystalline layer.

8. The semiconductor substrate according to claim I, wherein the first semiconductor
layer and the second semiconductor layer are laminated sequentially and alternately to
form a laminated structure having three or more layers.

9. The semiconductor substrate according to claim 8, wherein the laminated structure
comprises a dielectric layer between the first semiconductor layer and the second
semiconductor layer. '

10. The semiconductor substrate according to claim 9, wherein the dielectric layer
and an adjacent first semiconductor layer have a same crystallographic direction in the
vertical direction, and non-coincident crystallographic directions in a horizontal direction;

and/or,

the dielectric layer and an adjacent second semiconductor layer have a same
crystallographic direction in the vertical direction, and non-coincident crystallographic
directions in the horizontal direction.

11. The semiconductor substrate according to claim 9, wherein the dielectric layer
and an adjacent first semiconductor layer have different crystal structures, and
non-coincident crystallographic directions in a horizontal direction;

and/or,

the dielectric layer and an adjacent second semiconductor layer have different crystal
structures, and non-coincident crystallographic directions in the horizontal direction.

12. A semiconductor device, comprising a semiconductor substrate and a
semiconductor epitaxial layer located on the semiconductor substrate, the semiconductor
substrate is a semiconductor substrate according to any of claims | to 1.

13. The semiconductor device according to claim 12, wherein the semiconductor
epitaxial layer comprises one of silicon, gallium arsenide, gallium nitride, aluminum
gallium nitride, indium gallium nitride, aluminum gallium indium nitrogen or a
combination thereof.

14. The semiconductor device according to claim 12, wherein the semiconductor
device is one of a light emitting diode, a laser diode, a high electron mobility transistor, a
field effect transistor, a Schottky diode, a PIN diode and a solar cell.

15. A manufacturing method of a semiconductor substrate, comprising:

S1. providing a first semiconductor layer; and
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S2. preparing a second semiconductor layer on the first semiconductor layer,
wherein

the first semiconductor layer and the second semiconductor layer have different
cleavage planes in a vertical direction; or

a semiconductor layer obtained by symmetrically rotating the first semiconductor
layer according to a lattice structure of the first semiconductor layer has a different
cleavage plane in the vertical direction as that of the second semiconductor layer; or

a semiconductor layer obtained by symmetrically rotating the second semiconductor
layer according to a lattice structure of the second semiconductor layer has a different
cleavage plane in the vertical direction as that of the first semiconductor layer; or

the semiconductor layer obtained by symmetrically rotating the first semiconductor
layer according to the lattice structure of the first semiconductor layer and the
semiconductor layer obtained by symmetrically rotating the second semiconductor layer
according to the lattice structure of the second semiconductor layer have different
cleavage planes in the vertical direction.

16. The manufacturing method according to claim 15, wherein the first
semiconductor layer and the second semiconductor layer are prepared with one of a
Czochralski method, a zone melting method, a physical vapor deposition method and a
chemical vapor deposition method or a combination thereof.

17. The manufacturing method according to claim 15, wherein in the step S2, wafer
bonding is used to prepare the second semiconductor layer on the first semiconductor
layer.

18. The manufacturing method according to claim 15, wherein the semiconductor
epitaxial layer is prepared with one of a metal organic chemical vapor deposition method,
a molecular beam epitaxy method and a hydride vapor phase epitaxy method or a
combination thereof.

19. The manufacturing method according to claim 15, after the step S2 further
comprising:

preparing a first semiconductor layer on the second semiconductor layer to form a
laminated structure having three layers;

or, preparing a first semiconductor layer and a second semiconductor layer
sequentially and alternately on the second semiconductor layer to form a laminated

structure having more than three layers.



20. The manufacturing method according to claim 19, further comprising:

growing a dielectric layer between the first semiconductor layer and the second
semiconductor layer.

21. The manufacturing method according to claim 20, wherein the dielectric layer is
made with one of deposition, thermal oxidation and nitridation, the deposition is one of

CVD, PECVD, LPCVD, RTCVD, MOCVD, MBE, ALD or a combination thereof.
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