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SURFACE MACHINING METHOD FOR 
SINGLE CRYSTAL SIC SUBSTRATE, 

MANUFACTURING METHOD THEREOF, 
AND GRINDING PLATE FOR SURFACE 
MACHINING SINGLE CRYSTAL SC 

SUBSTRATE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Rule 53(b) Divisional Appli 
cation of U.S. application Ser. No. 14/765,875 filed Aug. 5, 
2015, which is a National Stage under S371 of PCT/JP2014/ 
053379 filed Feb. 13, 2014, which claims benefit from 
Japanese Patent Application No. 2013-026081 filed Feb. 13, 
2013, the above-noted applications incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 The present invention relates to a surface machin 
ing method for a single crystal SiC Substrate, a manufac 
turing method thereof, and a grinding plate for Surface 
machining a single crystal SiC Substrate. 
0003. Since silicon carbide (SiC) as a semiconductor 
material has a wider band gap than silicon (Si) currently 
used widely as a Substrate for devices, studies are underway 
to produce power devices, high-frequency devices, high 
temperature-operating devices, and the like using a single 
crystal SiC substrate. 
0004. A single crystal SiC substrate is formed by, for 
example, cutting a single crystal SiC ingot manufactured by 
using a Sublimation method and then machining both Sur 
faces to be mirror finished (for example, refer to PTL 1). 
0005 Since the cut substrate includes warped portions, 
undulating portions, or machining strain, the Surfaces are 
polished to be mirror finished through chemical mechanical 
polishing (CMP) after the above-described defects are miti 
gated through, for example, grinding using diamond abra 
sive grains. However, since the machining speed of CMP is 
low, it is highly desirable that the depth of the machining 
strain layer be decreased as much as possible before CMP 
(for example, refer to NPL 1). 
0006 For the mirror-finish machining a non-oxide 
ceramic Such as SiC., a mechano-chemical polishing tech 
nique is used. For example, NPL 2 discloses a method for 
dry polishing carried out on a polishing disc obtained by 
shaping chromium oxide abrasive grains having an average 
grain diameter of 0.5um with a resin Such as acrylonitrile or 
phenol and results of the machining single crystal SiC. 
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0007 PTL 1 Japanese Patent No. 4499698 
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0008 NPL 1. Takanori Kido, Kazutoshi Hotta, Kenji 
Kawata, Masatake Nagaya, Hiroto Maeda, Yoshihiro Degu 
chi, Syogo Matsuda, Atsunori Takeda, Ryuichi Takanabe, 
Tomohiro Nakayama, Tomohisa Kato: the proceedings of 
the 21st Meeting on SiC and Related Wide Bandgap Semi 
conductors, pp. 72 and 73 
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0009 NPL 2 Tadatomo Suga: Machines and Tools, 35, 
92 to 96 (1991) 

SUMMARY OF THE INVENTION 

0010. However, in the method disclosed in NPL 2, a 
machining load of 0.34 MPa, which is unrealistic in a 
mass-production step, is required for Small single crystal 
specimens and thus it is not possible to apply this method to 
the practical use of a current SiC power semiconductor 
having a target diameter of 6 inches. Furthermore, the 
polishing disc disclosed in NPL 2 is a so-called resin bond 
grindstone with which it is not possible to avoid the gen 
eration of Small scratches. 
0011. Therefore, in order to develop a mirror-finish 
machining method that can be used for the mass-production 
of single crystal SiC substrates having a mirror finish that 
can be used in current devices on the basis of the method 
disclosed in NTL 2, it is necessary to solve at least the 
problem of the machining load and the problem of the 
generation of Small scratches. 
0012. In order to solve the above-described problems, the 
present inventors carried out intensive studies and realized 
the present invention after performing at least a plurality of 
steps described below. 
0013 NPL 2 discloses a mechanism of machining in 
which a mechano-chemical action is carried out in which the 
Surface of the specimen is oxidized using chromium oxide as 
a catalyst and is removed using abrasive grains, whereby 
effective machining is achieved. The present inventors car 
ried out in-depth studies regarding the mechano-chemical 
action and mechanism and came to the following conclu 
sions. That is, energy is Supplied due to mechanical rubbing 
between abrasive grains made of a material having a band 
gap and a Substance to be machined, and electrons on the 
Surfaces of the abrasive grains are excited, thereby gener 
ating electron-hole pairs. Therefore, by the same mechanism 
as that for a photocatalyst material, active species having an 
extremely strong oxidation power Such as a Superoxide 
anion, a hydroxyl radical, or atomic oxygen are generated 
and the Surface of the specimen is oxidized. In a case in 
which the substance to be machined is single crystal SiC, it 
is considered that the oxidation product is assumed to be 
SiOnHO and CO or CO, and SiOnHO is removed 
using abrasive grains, whereby the Surfaces of a single 
crystal SiC substrate can be machined to a mirror finish. In 
the present specification, the above-described action will be 
defined as a tribo-catalytic action. 
0014. In the present invention, scratches on the surface of 
a single crystal SiC Substrate, which are generated during 
grinding on the basis of a mechanical removal action in 
which diamond abrasive grains or the like are used, are 
reduced by using abrasive grains having the tribo-catalytic 
action. 
0015. In the tribo-catalytic action, it is important to 
efficiently supply mechanical energy to abrasive grains and 
generate a large number of electron-hole pairs. Since the 
majority of the electron-hole pairs do not contribute to the 
generation of active species but recombine with each other 
and disappear, it becomes necessary to increase the prob 
ability of the generation of the active species. 
0016. In the present invention, in order to easily apply the 
machining a single crystal SiC Substrate having a large 
diameter to mass production, it is necessary that tribo 
catalytic abrasive grains be used in a state of being mounted 
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in a grinder. Since there have been no previous reports of 
carrying out machining in which tribo-catalytic action is 
used with a grinder, grinding conditions under which tribo 
catalytic action can be effectively employed have recently 
been investigated. As a result, it was found that there are 
appropriate ranges for the kinds of abrasive grains, the 
selection of particle diameters, the kinds of coolants, the 
Supply rates, the rotation speeds of grinding plates, and the 
like. 
0017. In addition, it was found that, in a case in which a 
so-called grindstone made by fixing abrasive grains with a 
bond material, which has been generally used as a grinding 
plate for grinders in the related art, is produced and used, the 
generation of small scratches is inevitable even in machining 
in which tribo-catalytic action is used. 
0018. Therefore, after intensive studies, the use of a pad 
for CMP, which has never been applied to grinders before, 
as the base Substance of the grinding plate was considered. 
0019. In addition, there are a variety of materials having 

tribo-catalytic action and, for example, diamond, SiC., and 
the like are also materials having a bandgap and thus exhibit 
tribo-catalytic action. However, these materials are unsuit 
able since they are not as Soft as single crystal SiC and thus 
scratches are generated on the machined Surface of single 
crystal SiC. 
0020. Therefore, in the present invention, in order to 
reduce scratches generated on the machined surface of 
single crystal SiC during grinding, a Substance softer than 
single crystal SiC is used as abrasives grains. 
0021. An object of the present invention is to provide a 
Surface machining method for a single crystal SiC Substrate 
which can be applied to a mass-production step using an 
existing grinder and is capable of Suppressing the generation 
of Small scratches, a manufacturing method thereof, and a 
grinding plate for Surface machining a single crystal SiC 
substrate. 
0022. The present invention provides the following 
CaS 

0023 (1) A surface machining method for a single crystal 
SiC Substrate, comprising: a step of mounting a grinding 
plate which includes a soft pad and a hard pad sequentially 
attached onto a base metal having a flat surface, a step of 
generating an oxidation product by using the grinding plate, 
and a step of grinding the Surface while removing the 
oxidation product, wherein abrasive grains made of at least 
one metallic oxide that is softer than single crystal SiC and 
has a bandgap are fixed to the Surface of the hard pad. 
0024 (2) The surface machining method for a single 
crystal SiC substrate according to (1), in which pure water 
is used as a coolant. 
0025 (3) The surface machining method for a single 
crystal SiC Substrate according to (1), in which a coolant is 
not used or the Supply rate of pure water used as the coolant 
is greater than 0 ml/min and less than or equal to 100 
ml/min. 
0026 (4) The surface machining method for a single 
crystal SiC Substrate according to any one of (1) to (3), in 
which the rotation direction of a table for a substance to be 
machined is the inverse direction of the rotation direction of 
the grinding plate, the hard pad is segmented, and the 
rotation speed of the table for a substance to be machined is 
in a range of 30 rpm to 300 rpm. 
0027 (5) A manufacturing method for a single crystal 
SiC Substrate, comprising: a step of mounting a grinding 
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plate which includes a soft pad and a hard pad sequentially 
attached onto a base metal having a flat surface, a step of 
generating an oxidation product by using the grinding plate, 
and a step of grinding the Surface while removing the 
oxidation product, wherein abrasive grains made of at least 
one metallic oxide that is softer than single crystal SiC and 
has a bandgap are fixed to the Surface of the hard pad. 
0028 (6) Agrinding plate for Surface machining a single 
crystal SiC Substrate including a soft pad and a hard pad 
sequentially attached onto a base metal having a flat Surface, 
abrasive grains made of at least one metallic oxide that is 
softer than single crystal SiC and has a bandgap are fixed to 
the surface of the hard pad. 
0029 (7) The grinding plate for surface machining a 
single crystal SiC Substrate according to (6), in which the 
metal oxide is one or more selected from cerium oxide, 
titanium oxide, silicon oxide, aluminum oxide, iron oxide, 
Zirconium oxide, Zinc oxide, and tin oxide. 
0030 (8) The grinding plate for surface machining a 
single crystal SiC substrate according to (7), in which the 
metal oxide includes at least cerium oxide. 
0031 (9) The grinding plate for surface machining a 
single crystal SiC Substrate according to any one of (6) to 
(8), in which the specific Surface area of the abrasive grains 
is in a range of 0.1 m2/g to 300 m2/g. 
0032 (10) The grinding plate for surface machining a 
single crystal SiC Substrate according to any one of (6) to 
(9), in which the soft pad is a non-woven fabric or suede 
based pad. 
0033 (11) The grinding plate for surface machining a 
single crystal SiC Substrate according to any one of (6) to 
(10), in which the hard pad is a foamed polyurethane-based 
pad. 
0034 (12) The grinding plate for surface machining a 
single crystal SiC Substrate according to any one of (6) to 
(11), in which the abrasive grains are fixed by using a 
binding agent and/or an adhesive. 
0035 (13) The grinding plate for surface machining a 
single crystal SiC Substrate according to any one of (6) to 
(12), in which the abrasive grains are fixed by attaching an 
abrasive grain-fixed film to the hard pad. 
0036. In the present specification, the term “single crystal 
SiC substrate' will be commonly used as the substrate 
before surface grinding, the Substrate during Surface grind 
ing, and the Substrate after Surface grinding. 
0037 According to the present invention, it is possible to 
provide a surface machining method for a single crystal SiC 
Substrate which can be applied to a mass-production step 
using an existing grinder, is capable of Suppressing the 
generation of Small Scratches, and is capable of rapidly 
producing a mirror-finish, a manufacturing method thereof, 
and a grinding plate for Surface machining a single crystal 
SiC substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 is a schematic view illustrating the structure 
of a grinding plate of the present invention. 
0039 FIG. 2 is a schematic view illustrating a part of the 
structure of an example of a surface grinder in which the 
grinding plate of the present invention is used. 
0040 FIG. 3 is an optical photomicrograph of a surface 
of a single crystal SiC ingot before machining in a first 
example of the present invention. 
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0041 FIG. 4 is an optical photomicrograph of the surface 
of the single crystal SiC ingot after the machining in the first 
example of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0042. Hereinafter, for a surface machining method for a 
single crystal SiC Substrate, a manufacturing method 
thereof, and a grinding plate for Surface machining a single 
crystal SiC substrate to which the present invention is 
applied, the configurations thereof will be described using 
drawings. In the drawings, there are cases in which the 
characteristic portions are enlarged for the better under 
standing of the characteristics and the dimensional ratios and 
the like of the respective constituent components are not 
always identical to the actual dimensional ratios and the like 
thereof. In addition, materials, dimensions, and the like 
exemplified in the following description are simple 
examples and the present invention is not limited thereto and 
can be carried out in an appropriately modified manner 
within the scope of the gist of the present invention. 
0043 (Grinding Plate for Surface Machining a Single 
Crystal SiC Substrate) 
0044 FIG. 1 is a schematic view illustrating an example 
of a grinding plate for Surface machining a single crystal SiC 
Substrate according to an embodiment of the present inven 
tion. FIG. 1(a) is a sectional view and FIG. 1(b) is a plan 
view. 
0045 Agrinding plate 10 illustrated in FIG. 1 includes a 
base metal 1 having a flat Surface and a soft pad 2 and a hard 
pad 3 sequentially attached onto the base metal 1. Abrasive 
grains (not illustrated) made of at least one metallic oxide 
that is softer than single crystal SiC and has a bandgap are 
fixed to the surface of the hard pad 3. 
0046. In this example, the soft pad 2 and the hard pad 3 
are attached to each other through an adhesive sheet 4 and 
the hard pad 3 is made up of eight sheets (3.a) that are 
segmented in a right-angled triangular shape. In addition, the 
base metal 1 includes a screw hole la for fixing the grinding 
plate to a grinder. In this case, the adhesive sheet 4 is used 
to prevent water absorption of the soft pad when a coolant 
such as pure water or the like is used and to stabilize the 
attachment of the hard pad. However, the hard pad 3 and the 
soft pad 2 may be directly attached to each other without 
using the adhesive sheet. 
0047. In addition, as illustrated in this example, the soft 
pad 2 and the adhesive sheet 4 need not have a hole at a 
portion corresponding to the screw hole 1a for the purpose 
of covering the screw hole la with a lid to prevent the 
intrusion of chips or the coolant. 
0048. When mechanically rubbed with a substance to be 
machined during Surface grinding of the single crystal SiC 
Substrate, the abrasive grains having a bandgap Supply 
energy, thus, electrons on the Surfaces of the abrasive grains 
are excited, and then electron-hole pairs are generated, 
active species having an extremely strong oxidation power 
Such as a Superoxide anion, a hydroxyl radical, or atomic 
oxygen and the Surface of the specimen is oxidized. In 
addition, SiOnH2O generated due to the oxidization of the 
Surface of the specimen is removed using abrasive grains, 
whereby the surfaces of the single crystal SiC substrate can 
be machined. That is, a tribo-catalytic action is exhibited. 
0049. As a material having a bandgap which exhibits a 

tribo-catalytic action, particularly, metallic oxides are all 
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materials softer than the single crystal SiC. In addition, since 
almost all metallic oxides are materials having a bandgap. 
and powder having tribo-catalytic action can be industrially 
produced and used in abrasive grains, pigments, photocata 
lysts, and the like, metallic oxides can be preferably used. 
0050. The powder of at least one metallic oxide selected 
from cerium oxide, titanium oxide, silicon oxide, aluminum 
oxide, iron oxide, Zirconium oxide, Zinc oxide, and tin oxide 
is preferable since the metallic oxide can be easily produced 
industrially and is a material having a bandgap and thus has 
a tribo-catalytic action. 
0051 Cerium oxide is the metallic oxide, the powder of 
which can be most preferably used, in consideration of the 
fact that cerium oxide can be, industrially, easily procured 
and is a semiconductor material having a bandgap and thus 
exhibits the tribo-catalytic action. 
0.052 Since the abrasive grains need to have the capa 
bility to remove SiOnH2O, they need to have a specific 
particle diameter. However, when the primary particle diam 
eter is large, the specific Surface area becomes Small and, 
similar to a photocatalytic action, the tribo-catalytic action 
cannot be efficiently exhibited, and thus there is an appro 
priate range therefor. That is, in terms of the mechanical 
removal capability of the abrasive grains, a large grain 
diameter, that is, a small specific Surface area is advanta 
geous. Meanwhile, similar to an ordinary catalytic action, 
the tribo-catalytic action is affected by the surface and thus 
a large specific Surface area leads to a strong effect. There 
fore, a range in which both the grain diameter and the 
specific surface area are well-balanced becomes the above 
described appropriate range. 
0053. The specific surface area of the abrasive grains is 
preferably in a range of 0.1 m/g to 300 m/g. This is 
because, when the specific Surface area is Smaller than 0.1 
m/g, there is a concern that the tribo-catalytic action cannot 
be efficiently exhibited and, when the specific surface area is 
larger than 300 m/g, there is a concern that SiO.nH2O 
cannot be efficiently removed. 
0054 The specific surface area of the abrasive grains is 
more preferably in a range of 0.5 m/g to 200 m/g. This is 
because, when the specific surface area is set to 0.5 m/g or 
more, the tribo-catalytic action can be more efficiently 
exhibited and, when the specific surface area is set to 200 
m/g or less, SiO.nH2O can be more efficiently removed. 
0055. The specific surface area of the abrasive grains is 
still more preferably in a range of 1 m/g to 100 m/g. This 
is because, when the specific surface area is set to 1 m/g or 
more, the tribo-catalytic action can be still more efficiently 
exhibited and, when the specific surface area is set to 100 
m/g or less, SiOnH2O can be still more efficiently 
removed. 
0056 Since the grinding plate includes the base metal, 
the grinding plate can be mounted in a grinder in order to be 
used in the grinder. 
0057. As the base metal, a well-known base metal can be 
used and examples thereof include base metals the material 
of which is an aluminum alloy such as silumin. 
0058. The base metal has a flat surface facing a substance 
to be machined and the grinding plate has a structure in 
which the soft pad and the hard pad are sequentially attached 
onto the flat surface thereof. When the above-described 
structure is provided, the machining of the Surface standard, 
that is, the machining uniformly flattening the Surface of a 
substance to be machined on the basis of the surface to be 
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machined of the Substance to be machined as the standard 
Surface, is possible and it is possible to suppress scratches 
generated on the Surface of the single crystal SiC Substrate, 
which is the Substance to be machined, to the minimum 
eXtent. 

0059. As the soft pad, it is possible to use a non-woven 
fabric or suede-based pad. 
0060. As the hard pad, it is possible to use a foamed 
polyurethane-based pad. 
0061. On the outermost surface of the grinding plate 
which is subjected to machining, the abrasive grains made of 
at least one metallic oxide that is softer than single crystal 
SiC and has a bandgap is fixed to the surface of the hard pad. 
These abrasive grains can be fixed to the surface of the hard 
pad using a binding agent or an adhesive. 
0062. In addition, the abrasive grains can be fixed by 
attaching a commercially available abrasive grain-fixed film 
to the hard pad. 
0063 (The Surface Machining Method for the Single 
Crystal SiC Substrate) 
0064. In a surface machining method for a single crystal 
SiC substrate according to an embodiment of the present 
invention, a grinding plate including a soft pad and a hard 
pad sequentially attached onto a base metal having a flat 
Surface, in which abrasive grains made of at least one 
metallic oxide that is softer than single crystal SiC and has 
a bandgap is fixed to the Surface of the hard pad, is mounted 
in a grinder, an oxidation product is generated by using the 
grinding plate, and the Surface is ground While removing the 
oxidation product. 
0065. As the grinder in which the grinding plate is 
mounted, a well-known grinder can be used. 
0066 FIG. 2 is a schematic view illustrating the structure 
of a part that grinds the single crystal Substrate of an 
example of the grinder in which the grinding plate of the 
present invention is mounted. The grinding plate 10 illus 
trated in FIG. 1 is mounted in a driving unit 11 and the 
driving unit is rotated using a motor belt. A single crystal SiC 
substrate 12 is fixed to a table for a substance to be machined 
13 through vacuum adsorption using a vacuum chucking 
device (not illustrated). A substrate-holding section 14 is 
sent in a grinding plate direction while being rotated 
together with the table for a substance to be machined 13. 
whereby the substrate is ground. 
0067. When the grinding conditions are appropriately 
selected, the tribo-catalytic action of the grinding plate with 
respect to single crystal SiC is significantly exhibited and 
thus an oxidation product can be generated. 
0068. The rotation speed of the grinding plate is prefer 
ably in a range of 300 rpm to 3000 rpm. This is because, 
when the rotation speed is lower than 300 rpm, the mechani 
cal energy Supplied to the abrasive grains is too small and 
there is a concern that the tribo-catalytic action may not be 
exhibited and, when the rotation speed is higher than 3000 
rpm, there is a concern that a problem of heat generation or 
the vibration of the device may become unignorable. Since 
there has been no experience of applying a grinding plate 
having the tribo-catalytic action to a grinder, it has not been 
clear whether or not the tribo-catalytic action is exhibited in 
the existing specification of the grinder. As a result of 
intensive studies, it has been clarified that an ordinary 
rotation speed of the grinding plate can be applied. 
0069. The rotation speed of the grinding plate is more 
preferably in a range of 500 rpm to 2000 rpm. This is 
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because, when the rotation speed is set to 500 rpm or higher, 
it becomes possible to generate more sufficient mechanical 
energy for the tribo-catalytic action and, when the rotation 
speed is set to 2000 rpm or lower, it becomes possible to 
more reliably avoid the problem of heat generation or the 
vibration of the device. 

0070 The rotation direction of the table for a substance 
to be machined can be set in the forward direction (the same 
direction) of the rotation direction of the grinding plate. In 
this case, the rotation speed of the table for a substance to be 
machined is preferably in a range of 80% to 120% of the 
rotation speed of the grinding plate. This is because, when 
the rotation speed of the table for a substance to be machined 
is set to lower than 80% or higher than 120% of the rotation 
speed of the grinding plate, the amount of the machined 
Surface removed becomes uneven. 

(0071. The rotation direction of the table for a substance 
to be machined can be set in the inverse direction of the 
rotation direction of the grinding plate. In this case, in order 
to uniform the amount of the machined surface removed, the 
rotation speed of the table for a substance to be machined is 
preferably in a range of 30 rpm to 300 rpm under the 
condition that the hard pad is segmented into an appropriate 
shape. 
0072 The reasons therefore are as described below. 
0073. When the hard pad is segmented, that is, the hard 
pad is divided and attached in an appropriate size, it is 
possible to control the contact frequency between the abra 
sive grains on the grinding plate, which rotates in the inverse 
direction to the substance to be machined, and the surface to 
be machined of the substance to be machined and, for 
example, it is possible to prevent uneven machining in 
which only the central portion of the substance to be 
machined is ground to a great extent. In an ordinary grinder, 
the table for a substance to be machined is disposed so that 
the rotation center of the table for a substance to be 
machined lies on an outer circumferential portion of the 
grinding plate and the rotation direction of the table for a 
substance to be machined is the inverse direction of the 
rotation direction of the grinding plate. Therefore, when the 
abrasive grains are present throughout the entire Surface of 
the grinding plate, the contact frequency of the abrasive 
grains to the central portion of the Substance to be machined 
increases and only the central portion is ground. Appropriate 
segmentation for preventing the above-described phenom 
enon is effective. 

0074. In addition, when the rotation speed of the table for 
a substance to be machined is set to lower than 30 rpm or 
higher than 300 rpm, the grinder operates outside the ordi 
nary specification and there is a concern that the amount of 
the machined surface removed becomes uneven. 

0075. In a case in which a coolant is used, pure water is 
preferably used. This is because, when there is an impurity 
component, there is a concern that the tribo-catalytic action 
may not be exhibited. For the tribo-catalytic action, it is 
important to make the mechanical energy efficiently con 
tribute to the generation of electron-hole pairs. However, 
there is a concern that the interposition of impurities itself 
may hinder the efficient contribution of the mechanical 
energy, in addition, the enhancement of the lubrication 
action of water decreases the friction resistance and, conse 
quently, there is a concern that the mechanical energy 
Supplied to the abrasive grains may decrease. In addition, 
there is another concern that the interposition of impurities 



US 2017/01789 19 A1 

may hinder a process in which the abrasive grains efficiently 
remove the oxidation product. 
0076. The coolant may not be used and, when pure water 

is used as the coolant, the Supply rate of pure water is 
preferably 100 ml/min or lower. This is because, when the 
supply rate thereof is higher than 100 ml/min, the energy 
Supplied to the abrasive grains due to mechanical rubbing 
becomes too small and there is a concern that the tribo 
catalytic action may not be sufficiently exhibited. In addi 
tion, this is because, when the Supply rate of pure water is 
too high, the action of pure water as a lubricant becomes 
strong and the friction resistance decreases. As a result, the 
energy Supplied to the abrasive grains becomes Small and 
there is another concern that only an insufficient number of 
electron-hole pairs may be generated. 
0077 (The Method for Manufacturing the Single Crystal 
SiC Substrate) 
0078. A method for manufacturing a single crystal SiC 
Substrate according to an embodiment of the present inven 
tion includes a step of mounting a grinding plate which 
includes a soft pad and a hard pad sequentially attached onto 
a base metal having a flat Surface, a step of generating an 
oxidation product by using the grinding plate, and a step of 
grinding the Surface while removing the oxidation product, 
wherein abrasive grains made of at least one metallic oxide, 
that is softer than single crystal SiC and has a bandgap, are 
fixed to the surface of the hard pad. In the method for the 
present invention, since the oxidation on the surface of SiC 
is used, the method has a relationship with the height of the 
oxidation barrier and can be preferably applied to a C plane 
of a (0001) plane of the SiC substrate. 

EXAMPLES 

0079. Hereinafter, the present invention will be more 
specifically described by using examples, but the present 
invention is not limited to the following examples. 

First Example 

0080. The surface of an aluminum alloy base metal 
having a M12 screw hole and an outer diameter of 150 mm. 
which was prepared so as to be capable of being mounted on 
a grinder MHG-2000 manufactured by Shuwa Industry Co., 
Ltd., which faced a Substance to be machined, was machined 
to be flat and a pad for CMP SUBA600 (soft pad) manu 
factured by Nitta Haas Incorporated was attached onto the 
above-described surface. Next, eight pads for CMP IC1000 
(hard pads) manufactured by Nitta Haas Incorporated, which 
were segmented into a 30 mmx40 mmx50mm right-angled 
triangular shape, were attached onto the SUBA600 through 
an FEP adhesive sheet film manufactured by AS ONE 
Corporation, thereby producing a grinding plate base body. 
Truing was carried out on the grinding plate base body using 
a conditioner CMP-M100A manufactured by Asahi Dia 
mond Industrial Co., Ltd. Finally, TRIZACT film (cerium 
oxide) manufactured by 3M, which was segmented into a 30 
mmx40 mmx50 mm right-angled triangular shape, was 
attached onto the surface of the trued IC1000 segment, 
thereby producing a grinding plate for Surface machining 
single crystal SiC Substrates having the tribo-catalytic 
action. 
0081. Next, the produced grinding plate was mounted in 
a grinder MHG-2000. An n-type (000-1) 4H-SiC (4° off) 
single crystal ingot (C plane) (single crystal SiC Substrate) 
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having a diameter of three inches manufactured by Tanke 
blue Semiconductor Co., Ltd., which was previously ground 
to be flat using a vitrified bond diamond wheel (#4000) 
manufactured by Asahi Diamond Industrial Co., Ltd., was 
fixed to a table for a Substance to be machined using a 
vacuum chucking device, and the Surface on the C plane side 
was machined. 
0082. The rotation direction of the table for a substance 
to be machined was set in the inverse direction of the 
rotation direction of the grinding plate, the rotation speed of 
the table for a substance to be machined was set, and the 
Surface was machined at a Supply rate of pure water of 0 
ml/min, that is, in a dry mode. The table for a substance to 
be machined was manually sent slowly and the current value 
of a motor for the rotation of the grindstone was set in a 
range of 2.4. A to 2.8 A. The machining time was three 
minutes. 
I0083) Regarding the amount of the single crystal ingot 
removed, as a result of measuring the heights of the ingot 
before and after the machining at nine points in the Surface 
using a height meter manufactured by Mitutoyo Corporation 
and computing the amounts, the average value was 3.8 Lum. 
The machining speed had a high value of 1.3 um/min. The 
difference between the maximum value and the minimum 
value of the height of the ingot after the machining was 1.4 
um and the Surface was uniformly machined. 
0084. The results of the dark-field observation of the 
Surface of the ingot before and after machining carried out 
by using an optical microscope manufactured by Olympus 
Corporation are illustrated in FIGS. 3 and 4. 
I0085 Numerous scratches due to grinding generated by 
the i4000 diamond abrasive grains observed in the ingot 
before machining completely disappeared. Only bright 
points caused by crystal defects or fine foreign Substances 
were observed, and a mirror finish with no machining strain 
was achieved. 

Second Example 
I0086. The grinding plate for surface machining single 
crystal SiC produced in the first example was used and the 
machining was carried out under the same grinding condi 
tions as in the first example except for the fact that the 
amounts of pure water supplied were set to 10 ml/min, 50 
ml/min, and 100 ml/min. 
I0087. The machining rates were 1.0 m/min, 0.6 um/min, 
and 0.2 um/min respectively and, similar to the case of the 
first example, it was confirmed that grinding scratches 
completely disappeared in the dark-field observation by 
using an optical microscope. 

Comparative Example 1 

I0088. The grinding plate for surface machining single 
crystal SiC produced in the first example was used and the 
machining was carried out under the same grinding condi 
tions as in the first example except for the fact that the 
amount of pure water supplied was set to 150 ml/min. As a 
result, it was confirmed that the machining rate was almost 
Zero and grinding scratches rarely disappeared in the dark 
field observation using an optical microscope. It is consid 
ered that, at the amount of pure water supplied of 150 
ml/min, the energy Supplied to the abrasive grains by the 
mechanical rubbing was too small and the tribo-catalytic 
action was not exhibited. 
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Comparative Example 2 

0089. As a result of using a resin-bonded cerium oxide 
grindstone manufactured by Nihon Grinding Wheel Co., 
Ltd. as a grinding plate and carrying out the same machining 
as in the first example, the average value of the machining 
rates was 0.7 um/min. However, the grinding was not 
uniformly carried out so that the central portion of the ingot 
was ground to a great extent and Small Scratches were 
observed in the dark-field observation using an optical 
microscope. It is considered that, unlike the present inven 
tion, the grinding plate did not have a configuration of the 
combination of the soft pad and the hard pad and thus 
machining on the basis of the Surface standard was not 
possible and, furthermore, it was not possible to Suppress the 
generation of Small Scratches. 

INDUSTRIAL APPLICABILITY 

0090 The surface machining method for a single crystal 
SiC substrate, the manufacturing method thereof, and the 
grinding plate for Surface machining a single crystal SiC 
substrate of the present invention can be used for the 
production of single crystal SiC Substrates and can be used 
in a step of machining a Substrate to be thin by grinding the 
back surface of the substrate after device fabrication. 

REFERENCE SIGNS LIST 

0091. 1 Base Metal 
0092] 2 Soft Pad 
0093 3 Hard Pad 
0094) 10 Grinding Plate for Surface Machining Single 
Crystal Sic Substrate 
1. A grinding plate for Surface machining a single crystal 

SiC Substrate including a soft pad and a hard pad sequen 
tially attached onto a base metal having a flat Surface, 

wherein abrasive grains made of at least one metallic 
oxide that is softer than single crystal SiC and has a 
bandgap are fixed to the Surface of the hard pad. 

2. The grinding plate for Surface machining a single 
crystal SiC Substrate according to claim 1, 

wherein the metal oxide is one or more selected from 
cerium oxide, titanium oxide, silicon oxide, aluminum 
oxide, iron oxide, Zirconium oxide, Zinc oxide, and tin 
oxide. 
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3. The grinding plate for Surface machining a single 
crystal SiC Substrate according to claim 2, 

wherein the metal oxide includes at least cerium oxide. 

4. The grinding plate for Surface machining a single 
crystal SiC Substrate according to claim 1, 

wherein the specific Surface area of the abrasive grains is 
in a range of 0.1 m/g to 300 m/g. 

5. The grinding plate for Surface machining a single 
crystal SiC Substrate according to claim 1, 

wherein the soft pad is a non-woven fabric or suede-based 
pad. 

6. The grinding plate for Surface machining a single 
crystal SiC Substrate according to claim 1, 

wherein the hard pad is a foamed polyurethane-based pad. 
7. The grinding plate for Surface machining a single 

crystal SiC Substrate according to claim 1, 
wherein the abrasive grains are fixed by using a binding 

agent and/or an adhesive. 
8. The grinding plate for Surface machining a single 

crystal SiC Substrate according to claim 1, 
wherein the abrasive grains are fixed by attaching an 

abrasive grain-fixed film to the hard pad. 
9. The grinding plate for Surface machining a single 

crystal SiC substrate according to claim 1, wherein the hard 
part is segmented. 

10. A grinder for surface machining a single crystal SiC 
Substrate, which comprises: 

a grinding plate mounted in the grinder, wherein the 
grinding plate comprises a soft pad and a hard pad 
sequentially attached onto a base metal having a flat 
Surface; and abrasive grains made of at least one 
metallic oxide that is softer than single crystal SiC and 
has a bandgap are fixed to the Surface of the hard pad, 

a table for a substance to be machined to which a single 
crystal SiC substrate is fixed, and 

a rotating unit, by which the abrasive grains of the 
grinding plate is contacted with a Surface to be 
machined of a substance to be machined, while the 
grinding plate is rotated together with the table. 
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