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SEMICONDUCTOR WAFER AND METHOD OF MANUFACTURING

SEMICONDUCTOR APPARATUS

FIELD
[0001] Embodiments relate to a semiconductor wafer and a method of manufacturing a

semiconductor apparatus.

BACKGROUND

[0002] The manufacture of a semiconductor device may use Non Product Wafer
(NPW) with no semiconductor device formed thereon. Further, known examples of a
semiconductor device include memory cells three-dimensionally arranged on a

semiconductor wafer.

RELEVANT REFERENCES

Patent Reference

[0003] Reference 1: WO 2015/012874
Reference 2: WO 2010/114887

SUMMARY

[0004] A problem to be solved by the inventions of the embodiments is to provide a
semiconductor wafer having a larger surface area

[0005] The semiconductor wafer of the embodiment includes a surface having at least
one recess including an inner wall surface. The inner wall surface of the recess is

exposed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Fig. 1 is a schematic view of an external appearance of a semiconductor wafer.

Fig. 2 is a schematic upper view illustrating a structural example of the
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semiconductor wafer.

Fig. 3 is a schematic sectional view illustrating the structural example of the
semiconductor wafer.

Fig. 4 is a schematic upper view illustrating a structural example of a
semiconductor wafer.

Fig. 5 is a schematic upper view illustrating an intermediate region between a
region 101 and a region 102.

Fig. 6 is a schematic view for explaining a method example of manufacturing a
semiconductor wafer.

Fig. 7 is a schematic view for explaining the method example of manufacturing
the semiconductor wafer.

Fig. 8 is a schematic view for explaining the method example of manufacturing
the semiconductor wafer.

Fig. 9 is a schematic view for explaining another method example of
manufacturing the semiconductor wafer.

Fig. 10 is a schematic sectional view illustrating another structural example of the

semiconductor wafer.

Fig. 11 is a schematic sectional view illustrating another structural example of the

semiconductor wafer.

Fig. 12 is a schematic sectional view illustrating another structural example of the

semiconductor wafer.
Fig. 13 is a schematic sectional view illustrating another structural example of the
semiconductor wafer.
Fig. 14 is a schematic sectional view illustrating another structural example of the
semiconductor wafer.
Fig. 15 is a schematic sectional view illustrating a structural example of a
semiconductor apparatus.

Fig. 16 is a schematic view illustrating a configuration example of a
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semiconductor manufacturing apparatus.

Fig. 17 is a schematic view illustrating a structural example of a semiconductor
device.

Fig. 18 is a schematic view for explaining a method example of manufacturing
the semiconductor device.

Fig. 19 is a schematic view for explaining the method example of manufacturing

the semiconductor device.

DETAILED DESCRIPTION

[0007] Embodiments will be hereinafter explained with reference to the drawings.

The relation between the thickness and the planer dimension of each constituent element, a
thickness ratio among the constituent elements, and so on illustrated in the drawings may
be different from actual ones. Further, in the embodiments, substantially the same
constituent elements are denoted by the same reference signs, and an explanation thereof
will be appropriately omitted.

[0008] (Structural example of a semiconductor wafer)

Fig. 1 is a schematic view of an external appearance of a semiconductor wafer,
and Fig. 2 is a schematic upper view illustrating a structural example of the semiconductor
wafer, illustrating a part of an X-Y plane including an X-axis of the semiconductor wafer
and a Y-axis perpendicular to the X-axis. Fig. 3 is a schematic sectional view illustrating
the structural example of the semiconductor wafer, illustrating a part of an X-Z section
including the X-axis and a Z-axis perpendicular to the X-axis and the Y-axis.

[0009] A semiconductor wafer 1 is an NPW, and is used for previously evaluating and
measuring film formation, etching, and other various processes in semiconductor
manufacture. For example, the semiconductor wafer 1 is used for evaluating and
measuring a film formation process such as chemical vapor deposition (CVD) in which a
source gas is made to react with a wafer surface to form a thin film or atomic layer

deposition (ALD), and an etching process such as chemical dry etching (CDE) in which
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plasma is supplied to a wafer surface to perform etching on a thin film, atomic layer
etching (ALE) in which a source gas is supplied to a surface to perform etching on a thin
film, or wet etching in which liquid is supplied. Alternatively, the semiconductor wafer 1
is also used for reproducibility tests for the processes, and the like.  Alternatively, the
semiconductor wafer 1 may be processed in the chamber together with a wafer having a
semiconductor device formed thereon. The semiconductor wafer 1 in the embodiment
can also be referred to as a dummy wafer, a test piece, or the like.

[0010] The semiconductor wafer 1 includes a surface 10a extending in an X-axis
direction and a Y-axis direction, and a surface 10b being a surface opposite to the surface
10a. A surface area of the surface 10a is preferably about the same as a surface area of a
device formation surface of a semiconductor wafer with a semiconductor device formed
thereon or in the middle of the formation of a semiconductor device. Examples of the
semiconductor wafer 1 include a silicon wafer, a silicon carbide wafer, a glass wafer, a
quartz wafer, a sapphire wafer, a compound semiconductor wafer such as a GaAs substrate,
and the like. A shape of the semiconductor wafer 1 is not limited to the shape illustrated
in Fig. 1, and it may be, for example, a shape having an orientation flat.

[0011] The surface 10a has a pattern including at least one recess 11. The recess 11
includes an inner wall surface 11a. The inner wall surface 11a is exposed to the surface
10a. When a plurality of recesses 11 are provided, the plurality of recesses 11 are
juxtaposed along the X-axis direction of the surface 10a as illustrated in Fig. 2, and are
extended in a line form along the Y-axis direction of the surface 10a. A length L of the
recess 11 in a long-side direction is, for example, 4 um or more and is preferably 40 pm or
more. An interval between the recesses 11 adjacent along the X-axis direction is, for
example, 0.4 um or more and 14 um or less and is preferably 1 um or less. End portions
of the recesses 11 adjacent along the X-axis direction may be displaced from each other
along the Y-axis direction.

[0012] An aspect ratio of the recess 11 is, for example, 50 or more and 1750 or less.

The aspect ratio is defined by a ratio of a depth D of the recess 11 to a width W of the
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recess 11 illustrated in Fig. 3. The width W of the recess 11 is, for example, 0.4 um or
more and 14 pm or less. The depth D of the recess 11 is, for example, 20 um or more and
a thickness of the semiconductor wafer 1 or less, and the recess 11 may penetrate the
semiconductor wafer 1. A surface area of the surface 10a is, for example, 50 times or
more and preferably 100 times or more a surface area in a case where the recess 11 is not
formed. In other words, when the recess or the like is not formed in the surface 10b, the
surface area of the surface 10a is 50 times or more and preferably 100 times or more a
surface area of the surface 10b.

[0013] Examples of the recess 11 preferably has a depth D from the surface 10a of 20
um or more and an aspect ratio of 50 or more. This increases the surface area of the
surface 10a, and to form the recess 11 with which a film to be formed on the surface 10a is
easily removed.

[0014] The recess 11 may also be formed via a partition 12.  When the length L, the
depth D, and the aspect ratio of the recess 11 become large, the recess 11 become more
likely to collapse to deform. In contrast to this, the partition 12 functions as a beam and
thereby enables to support the recess 11, thus prevent the deformation of the recess 11.
[0015] In order to prevent the deformation of the recess 11, the partition 12 is
preferably provided, for example, at intervals of 100 um or more in the Y-axis direction.
Further, lengths of a plurality of partitions 12 in the Y-axis direction are preferably the
same. Positions of the partitions 12 between the recesses 11 adjacent in the X-axis
direction may be displaced from each other along the Y-axis direction and regions between
the adjacent recesses 11 are connected via the partition 12 as illustrated in Fig. 2.

[0016] The recess 11 may also include a plurality of recesses which extend along
mutually different directions. Fig. 4 is a schematic upper view illustrating a structural
example of the semiconductor wafer 1, illustrating a part of the X-Y plane. The surface
10a of the semiconductor wafer 1 illustrated in Fig. 4 includes a region 101 and a region
102. The region 101 and the region 102 are alternately arranged, for example, along the

X-axis direction and the Y-axis direction. An interval between the region 101 and the
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region 102 is, for example, 2 um or more. Fig. 4 illustrates one shot region of a plurality
of shot regions formed on the surface 10a.

[0017] Fig. 5 is a schematic upper view illustrating an intermediate region between the
region 101 and the region 102. The region 101 has a recess 111, and the region 102 has a
recess 112. A plurality of recesses 111 are juxtaposed along the X-axis direction, and
extended along the Y-axis direction. A plurality of plural recesses 112 are juxtaposed
along the Y-axis direction, and extended along the X-axis direction. The extending
direction (the length L direction) of the recess 111 and the extending direction (the length
L direction) of the recess 112 are not limited to directions perpendicular to each other, but
only have to be directions intersecting with each other. The recess 111 and the recess 112
are included in the recess 11. Therefore, for the other explanation of the recess 111 and
the recess 112, the explanation of the recess 11 can be appropriately cited. The structure
of the surface 10a explained above may also be formed on the surface 10b.

[0018] As explained above, the semiconductor wafer 1 can be used as a test piece on
which a film is formed and evaluation is performed thereon. Alternatively, the
semiconductor wafer 1 can also be used as a test piece on which a film is formed, etching
is then performed, and evaluation is performed thereon. In this case, the semiconductor
wafer 1 is likely to warp since it has a pair of surfaces with different surface areas and a
large difference in amount of film formation on the pair of surfaces. Accordingly, if all of
the plurality of recesses 11 extend in the same direction, a stress is applied in one direction,
resulting in that the warpage of the semiconductor wafer 1 is likely to be increased. In
contrast to this, the plurality of recesses 11 extending in the plurality of directions can
disperse the directions in which the stress is applied, resulting in prevention of the warpage
of the semiconductor wafer 1.

[0019] The semiconductor wafer 1 can be repeatedly used as the test piece.
Specifically, it is also possible to continuously perform film formation steps on the
semiconductor wafer 1, or continuously perform a film formation step and an etching step

on the semiconductor wafer 1. The recess 11 increases the surface area to prevent the
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change in surface area even when the films are continuously formed, resulting in easily
removing the film even when the etching.

[0020] The surface 10a may further have a region 103 as illustrated in Fig. 4. The
region 103 is preferably a flat surface having no recess 11. The presence of the flat
surface in the region 103 enables to measure a thickness, a density, and a composition of a
film to be formed on the surface 10a with a measuring device such as a spectral
ellipsometer, an X-ray photoelectron spectroscopy (XPS), a fluorescent X-ray analysis, or
a Fourier transform infrared spectrophotometer (FTIR), each measuring device having a
minimum measurement region larger than a flat part between the recesses 11.  An area of
the region 103 may be smaller than, for example, an area of the region 101 or an area of
the region 102. The region 103 is formed, for example, for each of the plurality of shot
regions of the surface 10a.

[0021] As explained above, the strong recess 11 can be formed by controlling the
shape of the recess for increasing the surface area of the semiconductor wafer 1. This
recess prevents the change in surface area after repeatedly using the semiconductor wafer 1.
This recess leads to provide a semiconductor wafer having a larger surface area. The
dimension of the recess 11 explained above is preferably set according to the kind and the
thickness of the film to be formed.

[0022] (A method example of manufacturing the semiconductor wafer)

Examples of the semiconductor wafer 1 can be manufactured using
metal-assisted chemical etching (MACE). The MACE is a technique of immersing a
substrate having a catalyst layer formed on a surface thereof in a chemical solution to
thereby almost vertically etch only a region in contact with the catalyst layer.

[0023] Fig. 6 to Fig. 8 are views for explaining a method example of manufacturing a
semiconductor wafer. The method example of manufacturing the semiconductor wafer

includes a catalyst layer formation step, an etching step, and a catalyst layer removal step.
[0024] In the catalyst layer formation step, a catalyst layer 2 is formed on the surface

10a of the semiconductor wafer 1 as illustrated in Fig. 6. The catalyst layer 2 contains a
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catalyst of noble metal such as, for example, gold, silver, platinum, iridium, or palladium.
The catalyst layer 2 can be formed by using, for example, sputtering, a CVD method, a
plating method, or the like. The catalyst layer 2 may contain a catalyst of a carbon
material such as graphene.

[0025] In the etching step, the semiconductor wafer 1 is immersed in a first chemical
solution (etching solution) as illustrated in Fig. 7. Examples of the first chemical solution
include a mixed solution of hydrofluoric acid and a hydrogen peroxide solution.

[0026] When the semiconductor wafer 1 is immersed in the first chemical solution, a
material such as silicon of the surface 10a is dissolved in the etching solution, at a contact
portion between the surface 10a and the catalyst layer 2.  When this reaction repeatedly
occurs, the semiconductor wafer 1 is almost vertically etched. Thereby, the recess 11 can
be formed. The shape of the recess 11 is controlled by adjusting, for example, the size of
the catalyst layer 2, the etching time, or the like.

[0027] In the catalyst layer removal step, the catalyst layer 2 is removed from the
surface 10a as illustrated in Fig. 8. The catalyst layer 2 is removed, for example, by
impregnating the semiconductor wafer 1 with a second chemical solution. ~As the second
chemical solution, for example, a mixed solution (aqua regia) of hydrochloric acid and
nitric acid can be used.

[0028] The use of the MACE in the manufacture of the semiconductor wafer 1,
enables to easily form the recess 11 even when the recess 11 having a large length L, a
large depth D, and a large aspect ratio.

[0029] (Another method example of of manufacturing the semiconductor wafer)

Fig. 9 is a view for explaining another method example of manufacturing the
semiconductor wafer 1. This example includes forming the surface 10a along the (110)
plane of the semiconductor wafer 1, forming a mask layer 3 on the surface 10a, and etching
the semiconductor wafer 1 along the (111) plane of the semiconductor wafer 1 to form the
recess 11.

[0030] The (111) plane of the semiconductor wafer 1 such as a silicon wafer is more
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stable than the (110) plane. Therefore, the semiconductor wafer 1 can be almost
vertically etched along the (111) plane by alkaline etching using, for example, an alkaline
chemical solution. This enables to easily form the recess 11 even though the recess 11
has large length L, depth D, and aspect ratio.

[0031] (Another structural example of the semiconductor wafer)

Fig. 10 to Fig. 14 are schematic sectional views illustrating another structural
example of the semiconductor wafer 1. For the same portion as the explanation for the
above semiconductor wafer 1, the above explanation can be appropriately cited.

[0032] The surface 10a of the semiconductor wafer 1 illustrated in Fig. 10 further has
a protrusion 13 formed at a bottom portion of the recess 11.  The protrusion 13 is
provided in the recess 11 and extends in the Z-axis direction, for example, from the bottom
surface of the recess 11.  The protrusion 13 is, for example, needle-shaped. The
protrusion 13 is formed, for example, by forming a through hole along the Z-axis direction
in the catalyst layer 2 and then etching the semiconductor wafer 1. The formation of the
through hole in the catalyst layer 2 facilitates etching of a region facing an opening of a
contact portion between the surface 10a and the catalyst layer 2.  On the other hand, a
region not facing the surface 10a and the opening is unlikely to be etched and therefore
remains to form the needle-shaped protrusion 13. The formation of the protrusion 13 can
further increase the surface area of the surface 10a.

[0033] The surface 10a of the semiconductor wafer 1 illustrated in Fig. 11 further has
a porous region 14. The porous region 14 is formed, for example, by etching an
intermediate region between adjacent recesses 11 in the semiconductor wafer 1 with a first
chemical solution or a second chemical solution. The formation of the porous region 14
can further increase the surface area of the surface 10a.

[0034] As illustrated in Fig. 12, a vacancy 14a in the porous region 14 may be closed
by filling the vacancy in the porous region 14 with a filler 4a. A protective film 4b may
be formed over the entire surface 10a including the porous region 14 as illustrated in Fig.

13. Thus, the semiconductor wafer 1 is repeatedly used and thereby can prevent further
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etching of the porous region 14.  As the filler 4a and the protective film 4b, for example, a
material having heat resistance and chemical resistance such as carbon, silicon, silicon
nitride, or silicon oxide, and silicon carbide or silicon carbonitride is more preferable.
[0035] The vacancy 14a in the porous region 14 may be closed by dissolving the
porous region 14 by annealing under a hydrogen atmosphere. The surface 10a after the
dissolution has a curved surface as illustrated in Fig. 14. The dissolution of the porous
region 14 can prevent the porous region 14 from being etched.

[0036] (Structural example of a semiconductor apparatus)

Fig. 15 is a schematic sectional view illustrating a structural example of a
semiconductor apparatus using the semiconductor wafer 1. The semiconductor apparatus
illustrated in Fig. 15 includes a film 5 provided on the semiconductor wafer 1. The film 5
is formed on the surface 10a, for example, using a film-forming apparatus such as a CVD
apparatus or the like. The film 5 functions, for example, as a base film for evaluating the
film formation, such as an etching object film to be etched. The thickness of the film 5 is
set according to the usage. The film 5 may be a stacked film and may be formed on the
protective film 4b illustrated in Fig. 13.

[0037] (Usage example of a semiconductor wafer)

As a usage example of a semiconductor wafer in an embodiment, an example of
using the above-explained semiconductor wafer 1 as a dummy wafer in a manufacturing
step of a semiconductor apparatus will be explained using Fig. 16 to Fig. 19.

[0038] Fig. 16 is a schematic view illustrating a configuration example of a
semiconductor manufacturing apparatus. Fig. 16 illustrates a configuration example of
LP-CVD (Low Pressure Chemical Vapor Deposition) apparatus. A semiconductor
manufacturing apparatus 20 illustrated in Fig. 16 includes a chamber 21, and a pipe 23 for
supplying a source gas 22 into the chamber 21. The semiconductor manufacturing
apparatus 20 further includes a vacuum pump, a heater, an exhaust system, a power source,
a control circuit, and so on which are not illustrated.

[0039] The semiconductor wafer 1 as a dummy wafer may be conveyed together with
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a device wafer 9 into the same chamber 21 to be simultaneously processed with the device
wafer 9, the device wafer 9 being a semiconductor wafer with a semiconductor device
formed thereon or in the middle of the formation of a semiconductor device. A method
example of manufacturing the semiconductor apparatus in this case includes placing the
device wafer 9 into the chamber 21, placing the semiconductor wafer 1 of the embodiment
into the chamber 21, and simultaneously processing the device wafer 9 and the
semiconductor wafer 1 in the chamber 21. The device wafer 9 and the semiconductor
wafer 1 are placed into the chamber 21 at the same step or different steps.

[0040] Fig. 16 illustrates an example in which, when a plurality of device wafers 9 are
processed in the chamber 21, at least one semiconductor wafer 1 is placed together with the
plurality of device wafers 9 in the chamber 21, and the wafers are simultaneously subjected
to film formation processing. Although at least one or more semiconductor wafers 1 only
have to be placed, it is preferable to place a plurality of the semiconductor wafers 1 as
illustrated in Fig. 16. Further, the semiconductor wafer 1 is preferably arranged in at least
an upper region or a lower region in the chamber 21 as illustrated in Fig. 16.

[0041] Here, a structural example of the device wafer 9 will be explained. A
semiconductor device to be formed on the device wafer 9 is, for example, a
three-dimensional NAND-type flash memory. Hereinafter, a film formation step in a
method of manufacturing the three-dimensional NAND-type flash memory will be
explained.

[0042] Fig. 17 is a schematic view illustrating a structural example of a semiconductor
device. The semiconductor device illustrated in Fig. 17 includes a core insulating film 91,
a semiconductor channel layer 92, a memory film 93 including a tunnel insulating film 931,
a charge storage layer 932, and a block insulating film 933, an electrode material layer 94,
a metal layer 95, and an insulation layer 96. The electrode material layer 94 functions as
a gate electrode (word line). The core insulator 91, the semiconductor channel layer 92,
and the memory film 93 are formed in a memory hole H, and constitute a memory cell.

The block insulating film 933 is, for example, a SiO; film (silicon oxide film). The
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charge storage layer 932 is, for example, a SiN film (silicon nitride film). The tunnel
insulating film 931 is a stacked film including, for example, a SiO: film and a SiON film
(silicon oxynitride film). The semiconductor channel layer 92 is, for example, a
polysilicon layer. The core insulator 91 is, for example, a SiO; film. The electrode
material layer 94, the metal layer 95, and the insulation layer 96 are, for example, a W
layer (tungsten layer), a TiN film (titanium nitride film), and an Al>O3 film (aluminum
oxide film), respectively. In this case, the metal layer 95 functions as a barrier metal
layer in the above-explained electrode layer, and the insulation layer 96 functions as a
block insulating film together with the above-explained block insulating film 933.

[0043] Next, a method example of manufacturing the semiconductor device illustrated
in Fig. 17 will be explained using Fig. 18 and Fig. 19. In Fig. 18, a stacked film in which
a plurality of sacrificial layers 97 and a plurality of insulation layers 98 are alternately
stacked is formed on a semiconductor wafer 90 such as a silicon wafer, and a memory hole
H being a recess is provided in these sacrificial layers 97 and insulation layers 98. The
sacrificial layer 97 is a region where the electrode material layer is to be formed later.

The memory hole H is a region where the memory film 93 is to be formed later.

[0044] The semiconductor wafer 1 is used for the formation of the memory film 93,
the semiconductor channel layer 92, and the core insulator 91, or the formation of the
electrode material layer 94, the metal layer 95, and the insulation layer 96, and for the
modification treatment and etching process of those thin films including the sacrificial
layers 97 and the insulation layers 98 constituting a side surface of the memory hole H, for
example, in manufacturing the semiconductor device.

[0045] The formation of the memory film 93 is performed by conveying, into the
chamber 21, the device wafer 9 in a state where the memory hole H is formed in the stack
in which the plurality of sacrificial layers 97 and the plurality of insulation layers 98 are
alternately stacked illustrated in Fig. 18 and forming the block insulating film 933, the
charge storage layer 932, and the tunnel insulating film 931 in this order in the memory

hole H.

12



10

15

20

25

[0046] The formation of the metal layer 95 and the insulation layer 96 is performed
after the formation of the memory film 93, by conveying, into the chamber 21, the device
wafer 9 from which the plurality of sacrificial layers have been removed and which thus
has cavities C between the plurality of insulation layers 98 and forming the insulation layer
96 and the metal layer 95 in this order in the cavity C as illustrated in Fig. 19 (this is called
a replacement step).

[0047] The modification treatment includes oxidation caused by performing treatment
using gas containing oxygen, nitridation caused by performing gas phase treatment using
nitrogen-containing gas such as ammonia, and crystallization caused by performing heat
treatment after or in the middle of the formation of respective layers or films in the
formation step of, for example, the sacrificial layers 97 and the insulation layers 98, the
block insulating film 933, the charge storage layer 932, the tunnel insulating film, and the
semiconductor channel layer 92 in Fig. 18 and Fig. 19. Further, the modification
treatment includes treatment of forming a sacrificial layer containing a desired impurity
such as boron, phosphorus, or metal after the formation of the layer or film, diffusing the
impurity in a targeted layer or film by performing heat treatment, and then etching the
sacrificial layer to remove it. This also applies to the electrode material layer 94, the
metal layer 95, and the insulation layer 96.

[0048] The etching process includes a process of reducing a thickness of the layer or
film, for example, for each of the sacrificial layers 97 and the insulation layers 98 in Fig.
18, and the formed block insulating film 933, charge storage layer 932, tunnel insulating
film, and semiconductor channel layer 92 in Fig. 19 after the formation of the layer or film,
by using an etching gas containing halogen such as fluorine, chlorine, or bromine, or the
like. The same also applies to the electrode material layer 94, the metal layer 95, and the
insulation layer 96.

[0049] In each of the examples, at least one semiconductor wafer 1 is conveyed
together with the plurality of device wafers 9 into the chamber 21, and subjected to the

similar processing. Consequently, when a desired processing result cannot be obtained at
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a specific position in the chamber 21, the semiconductor wafer 1 can be used as a dummy
wafer. Plural processing may be performed.

[0050] As explained above, the semiconductor wafer 1 is formed with the plurality of
recesses 11 so as to increase its surface area. Accordingly, the semiconductor wafer 1
forms dummy wafer having about the same surface area as that of the device wafer 9.
Therefore, it is possible to further reduce a variation in film formation in the chamber 21
caused, for example, by a surface area difference, resulting in that uniformity of the film
thickness, the film composition, the film density, and so on between the device wafers 9 or
within a plane of the device wafer 9 can be further improved. Specifically, it becomes
possible to manufacture a semiconductor device with further improved reliability.

[0051] Although the present usage example has been explained by using the LP-CVD
apparatus as an example, the semiconductor wafer 1 can also be applied to another
semiconductor manufacturing apparatus. Further, the semiconductor device is not limited
to the three-dimensional NAND-type flash memory, and it is also possible to apply another
semiconductor device.

[0052] While certain embodiments of the present invention have been described, these
embodiments have been presented by way of example only, and are not intended to limit
the scope of the inventions. The novel embodiments described herein may be embodied
in a variety of other forms; furthermore, various omissions, substitutions and changes may
be made therein without departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.
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CLAIMS

1. A semiconductor wafer, comprising:
a surface having at least one recess including an inner wall surface and a
5  bottom surface, the inner wall surface and the bottom surface being exposed, wherein:
the at least one recess includes a first recess and a second recess;
the first recess extends along a first direction of the surface;
the second recess extends along a second direction intersecting with the first
direction on the surface;
10 each of the first and second recesses is surrounded by the corresponding inner
wall surface;
the surface further has a porous region; and

the semiconductor wafer is a silicon wafer.

15 2. The semiconductor wafer according to claim 1, wherein
the at least one recess has a depth from the surface of 20 pm or more and an

aspect ratio of 50 or more.

3. The semiconductor wafer according to claim 1 or claim 2, wherein
20 a surface area of the surface is 50 times or more a surface area of a surface

opposite to the surface.

4.  The semiconductor wafer according to any one of claims 1 to 3, wherein
the at least one recess is provided via a partition.
25

5. The semiconductor wafer according to any one of claims 1 to 4, wherein
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the surface further has a protrusion provided in the at least one recess.

6.  The semiconductor wafer according to any one of claims 1 to 5, further
comprising

5 a film provided on the surface.

7. The semiconductor wafer according to claim 6, wherein

the film contains silicon carbide or silicon carbonitride.

10 8.  The semiconductor wafer according to any one of claims 1 to 7, wherein

a plane direction of the surface is a (110) plane.

9. A method of manufacturing a semiconductor apparatus, comprising:
placing a first semiconductor wafer into a chamber, the first semiconductor
15  wafer including a first surface and a film provided on the first surface, the film having a
first recess;
placing a second semiconductor wafer into the chamber, the second
semiconductor including a second surface having a second recess, the second recess
including an inner wall surface and a bottom surface, the inner wall surface and a
20  bottom surface being exposed, the second recess including a third recess and a fourth
recess, the third recess extends along a first direction of the second surface, the fourth
recess extending along a second direction intersecting with the first direction on the
second surface, and each of the first and second recesses being surrounded by the
corresponding inner wall surface; and
25 simultaneously processing the first and second semiconductor wafers in the

chamber, wherein:
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the second surface further has a porous region; and

the second semiconductor wafer is a silicon wafer.

10.  The method according to claim 9, wherein
5 the film has first layers and second layers, each first layer and each second

layer being alternately stacked.

11.  The method according to claim 9 or claim 10, wherein
the simultaneous processing includes at least one processing selected from the
10 group consisting of film formation processing, etching process, and modification

treatment.

12.  The method according to any one of claims 9 to 11, wherein

a plurality of the second semiconductor wafers are placed into the chamber.
15

13.  The method according to any one of claims 9 to 12, wherein

the second recess has a depth from the second surface of 20 um or more and

an aspect ratio of 50 or more.
20 14.  The method according to any one of claims 9 to 13, wherein
a surface area of the second surface is 50 times or more a surface area of a

surface opposite to the second surface.

15.  The method according to any one of claims 9 to 14, wherein

25 the second recess is provided via a partition.
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16.  The method according to any one of claims 9 to 15, wherein

the second surface further has a protrusion provided in the second recess.

17.  The method according to any one of claims 9 to 16, wherein

the second semiconductor wafer includes a third film provided on the second

18.  The method according to claim 17, wherein

the third film contains silicon carbide or silicon carbonitride.

19.  The method according to any one of claims 9 to 18, wherein a plane

direction of the second surface is a (110) plane.
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