
-1 DIAMOND SINGLE CRYSTAL COMPOSITE SUBSTRATE AND  METHOD FOR MANUFACTURING
THE SAME BACKGROUND OF THE INVENTION 1. Field of the invention [0001] The
present invention relates to a diamond  single crystal composite substrate
and a method for  manufacturing the same, and more particularly relates to
a high-quality diamond single crystal composite substrate  with a large
area that can be used in semiconductor  materials, electronic parts,
optical parts and the like,  and a method for manufacturing the same. 2.
Description of the Prior Art [0002] As a semiconductor material, diamond
has  numerous superior characteristics not found in other  materials, such
as a high thermal conductivity, a high  electron/positive hole mobility, a
high dielectric  breakdown field, a low dielectric loss, a broad band gap
and the like. Especially in recent years, ultraviolet  light-emitting
devices utilizing this broad band gap,  field effect transistors with
superior high-frequency  characteristics and the like have been developed.
[0003] As in the case of other semiconductor materials,  a high-quality
single crystal substrate is needed in  order to utilize diamond as a
semiconductor. Currently,  diamond single crystals that are obtained
industrially  mainly by high-temperature high-pressure synthesis  methods
are superior in terms of crystallinity even  compared to naturally produced
single crystals, and can  be utilized as semiconductor substrates from the
-2 standpoint of physical properties; however, the size of  the single
crystals obtained is limited to around 1 cm.  



In the case of such small substrates, semiconductor wafer  processes
utilizing steppers, electron beam exposure or  the like generally use in
the micro-fabrication or the  like of Si or the like become a problem. In
the case of  small substrates, it is difficult to use such working  devices
that were designed for use with wafers having a  diameter of several
inches, and even if working devices  especially meant for use with small
substrates are  introduced, the difficulty of peripheral processes such  as
the photo-resist coating process and the like is not  resolved. [0004]
Accordingly, for example, a method for obtaining  large integrated single
crystals by disposing a plurality  of high pressure phase substances that
have substantially  the same crystal orientations, thus forming substrates
that act as nuclei for vapor phase growth, and then  growing a single
crystal on top of these nuclei, has been  proposed as a method for
obtaining diamond single crystal  substrates that have a large area (see
Japanese Patent  Publication No. 3-75298 A). [0005] When the method for
obtaining large single  crystals according to Japanese Patent Publication
No. 3- 75298 A is used, the single crystal substrates comprising  a
plurality of substrates that are used as nuclei for  vapor phase growth
ordinarily do not have growth plane  orientations that are completely
identical, but instead  have plane, orientations that are slightly
different from  each other. When a single crystal is integrated by
performing single crystal vapor phase growth from here,  the connecting
parts have growth boundaries with  different angles, i. e., defects in the
broad sense, that  are called small angle boundaries, and these grain -3 



boundaries do not substantially disappear even if crystal  growth is
continued. Accordingly, the semiconductor  physical properties of region
straddling such small angle  boundaries are inferior to those of a complete
single  crystal, and if a device or the like is manufactured on  top of the
integrated single crystal, the performance is  lost in the areas that
straddle the small angle  boundaries. SUMMARY OF THE INVENTION [0006] The
present invention was made in order to  overcome the abovementioned
problems; it is an object of  the present invention to provide a
large-area, high- quality diamond single crystal composite substrate that
is used in semiconductor materials, electronic parts,  optical parts and
the like, and a method for  manufacturing the same. [0007] In order to
solve the abovementioned problems,  the present invention has the following
two aspects:  [00081 (1) A diamond single crystal composite substrate
which are constructed from a plurality of diamond single  crystal
substrates with uniform plane orientations  disposed side by side and
integrated overall by growing  diamond single crystals thereon by vapor
phase synthesis,  in which the deviation of the plane orientation of the
main plane of each of said plurality of diamond single  crystal substrates,
excluding one diamond single crystal  substrate, from the {100} plane is
less than 1 degree,  the deviation of the plane orientation of the main
plane  of the excluded one substrate from the {100} plane is 1  to 8
degrees, said one diamond single crystal substrate  is disposed in the
outermost circumferential part when  the diamond single crystal substrates
are disposed side -4 



by side, and is disposed so that the <100> direction in  the main plane of
said one substrate faces in the outer  circumferential direction of the
disposed substrates, and  diamond single crystals are then grown by vapor
phase  synthesis so that the diamond single crystal grown from  said one
diamond single substrate is caused to cover  single crystals grown on the
other substrates, to achieve  an overall integration. [00091 (2) A method
for manufacturing a diamond single  crystal composite substrate which are
constructed from a  plurality of diamond single crystal substrates with
uniform plane orientations disposed side by side and  integrated overall by
growing diamond single crystals  thereon by vapor phase synthesis, the
method comprising:  providing a plurality of diamond single crystal
substrates in which the deviation of the plane  orientation of the main
plane of each of said plurality  of diamond single crystal substrates,
excluding one  diamond single crystal substrate, from the {100} plane is
less than 1 degree and the deviation of the plane  orientation of the main
plane of the excluded one  substrate from the {100} plane is 1 to 8
degrees;  disposing said plurality of diamond single crystal  substrates
side by side in such an arrangement that said  one substrate is disposed in
the outermost  circumferential part and the <100> direction in the main
plane of said one substrate faces in the outer  circumferential direction
of the disposed substrates; and  growing diamond single crystals by vapor
phase synthesis  so that the diamond single crystal grown from said one
substrate is caused to cover diamond single crystals  grown on the other
substrates, to achieve an overall  integration. 



-5 [0010] In the specification, the term "composite  substrate" is used to
mean a body constructed from a  plurality of substrates unless otherwise
specified. Brief DESCRIPTION OF THE DRAWINGS [0011] Fig. 1 is a schematic
diagram of the disposition  of the diamond single crystal substrates used
in the  present invention. [0012] Fig. 2 is a schematic diagram of the
diamond  single crystal substrates used in the present invention.  [0013]
Fig. 3 is a schematic diagram of the substrate  disposition in Comparative
Example 1, in which a  plurality of off-substrates are disposed. [0014]
Fig. 4 is a schematic diagram of the substrate  disposition in Comparative
Example 3, in which an off- substrate is mounted in the center. [0015] Fig.
5 is a schematic diagram of the substrate  disposition in Comparative
Example 4, in which the <100>  direction of the off-substrate faces the
center of the  disposed substrates. [0016] Fig. 6 is a model diagram of the
state following  single crystal growth in Comparative Example 1. [0017]
Fig. 7 is a model diagram of the state following  single crystal growth in
Comparative Example 2. [0018] Fig. 8 is a model diagram of the state
following  single crystal growth in Comparative Example 3. [0019] Fig. 9 is
a model diagram of the state following  single crystal growth in
Comparative Example 4. [0020] Fig. 10 is a model diagram of the state
following single crystal growth in Comparative Example 5. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0021] The present invention will
be described below. -6 



[0022] In single crystal growth from diamond single  crystal substrates by
a vapor phase synthesis method, it  is known that a difference in growth
rate is generated  between the substrate plane orientation of a certain
single crystal substrate and a plane orientation that is  slightly deviated
from this first plane orientation (the  deviation angle from the reference
plane orientation is  hereafter referred to as the "off-angle") (e. g., see
Jpn.  J. Appl.  Phys. Vol. 35 (1996) pp. 4724-4727). As is also  indicated
in this document, this phenomenon is conspicuous when the substrate plane
orientation is {100}.  The present inventors thought that it might be
possible  to obtain a substantially large-sized single crystal  substrate
with no small angle boundaries by utilizing  this phenomenon in a single
crystal substrate formed by  integrating and growing a single crystal
substrate by  vapor phase synthesis from a plurality of single crystal
substrates, and a method for manufacturing the same.  Accordingly, the
present inventors conducted diligent  research based on this approach.
[0023] This research led to the perfection of the  present invention.
Specifically, the off-angle of the  plane orientation of the main plane of
each of a  plurality of substrates (hereafter referred to as the  "main
substrate"),  excluding.one diamond single crystal  substrate, from the
{100} plane is set at less than 1  degree, and the off-angle of the plane
orientation of the  main plane of the excluded one remaining substrate
(hereafter referred to as the "off-substrate") from the  {100} plane is set
at 1 to 8 degrees. Furthermore, this  off-substrate is disposed in the
outermost  circumferential part when the diamond single crystal  substrates
are disposed side by side, and is disposed so  



that the <100> direction in the main plane of this off -7 substrate faces
in the outer circumferential direction of  the disposed substrates. When
diamond single crystals  were then grown by vapor phase synthesis in this
state,  the following phenomenon was confirmed: namely, the  growth rate in
the lateral direction onto the main  substrates from the off-substrate was
greater than the  growth rate in the main direction as a novel effect of
the present invention. Consequently, the single crystal  that was grown
from the off-substrate covered the main  substrates in a relatively short
time of time, thus  achieving overall integration. This phenomenon of an
increase in the rate of lateral growth was more  conspicuous in cases where
growth was performed alongside  the main substrates than incases where
lateral growth  was performed from the off-substrate alone, so that the
effect of the present invention in increasing the size of  the single
crystal substrate was especially evident.  [00241 It is sufficient if the
this off-angle of the  main substrate is less than 1 degree; however, this
angle is preferably 0.5 degrees or less, and is ideally  close to zero
degrees. Furthermore, it is sufficient if  the off-angle of the
off-substrate is 1 to 8 degrees;  however, an angle of 4 to 5 degrees is
ideal. [00251 Furthermore, in regard to the shape of the main  substrate
and off-substrate, it is desirable that these  substrates be single crystal
substrates with a cubic or  rectangular parallelepiped shape, and that the
plane  orientation of the side surfaces be 1100}. (00261 Furthermore, in
regard to the disposition of the  main substrate and off-substrate, it is
desirable that  these substrates be disposed in a square or rectangular  



configuration, i. e., that these substrates be disposed  so that the
interfaces between the substrates have a  cruciform shape, and that these
substrates be disposed so -8 that the off-substrate is disposed in the
position of an  outermost peripheral corner. [0027] Furthermore, in regard
to the <100> direction in  the main plane of the off-substrate, a direction
that  faces in the outer circumferential corner edge or angle  of the
off-substrate is more efficient for integration  and growth than a
direction facing the outer  circumferential side of the off-substrate.
[0028] The diamond single crystal composite substrate  of the present
invention is an integrated single crystal  in which no small angle
boundaries are present on the  outermost surface. In addition, this
composite substrate  can also be used as a semiconductor substrate by
manufacturing devices; however, this composite substrate  can be utilized
as a diamond single crystal substrate  possessing a large surface area and
the intrinsic  semiconductor characteristics of diamond by cutting out
only the integrated layer of the outermost surface. [0029] A large-area,
high-quality diamond single  crystal substrate can be obtained by using the
diamond  single crystal composite substrate of the present  invention and
the abovementioned  method for manufacturing  the same. This composite
substrate can be utilized in  semiconductor materials, electronic parts,
optical parts  and the like. [0030] The present invention will be described
in  detail below in terms of examples. Example I [0031] In the present
embodiment, four diamond single  



crystal substrates obtained by high-temperature high- pressure synthesis
were prepared. The substrates were  three-dimensional bodies with a size of
5 mm (longitudinal and lateral) and a thickness o 0.5 mm, and -9 were
polished on the main surfaces and side surfaces. The plane orientations
serving as references for the main  surfaces and side surfaces were all
{100}, and the off- angles of the main surfaces of the three substrates
serving as main substrates 1 were 0.1 degrees, 0.4  degrees and 0.9
degrees, respectively. The off-angle 5  of the main surface of the one
substrate serving as an  off-substrate 2 was 4.5 degrees. Furthermore, as
is  shown in Fig. 1, the <'100> direction 4 of the main  surface of the
off-substrate 2 faced in the direction of  the outer circumferential angle
(upward in the <111>  direction). Reference numeral 3 is the axis
perpendicular  to the main surface of the diamond single crystal
substrate. [0032] These substrates were disposed "as is" in a  substrate
holder in the disposition shown in Fig. 1.  Then, single crystals were
grown by vapor phase growth on these substrates using a universally known
microwave  plasma CVD method. The growth conditions are shown below.
Microwave frequency: 2.45 GHz Microwave power: 5 kW Chamber internal
pressure: 1.33 x 109 Pa  H. gas flow rate: 100 sccm CH4 gas flow rate: 5
sccm  Substrate temperature: 900C  Growth time: 300 hours [0033] As a
result of film formation, as is shown in  Fig. 2, a diamond single crystal
composite substrate,  



square of 10 mm x.10 mm, was obtained in which the  thickness of the vapor
phase synthesized single crystal  layer was 3 mm, and in which a single
crystal layer 8  grown from the off-substrate covered the entire surface
and was integrally connected. Reference numeral 7 _ 10 represents a single
crystal layer grown from the main  substrates. [00341 The integrated single
crystal layer on the  single crystal composite substrate was cut out by
laser  cuttingi  and the positive hole mobility of the  hydrogenated
surface transmission layer at ordinary  temperatures was evaluated by Hall
measurement; as a  result, a high speed value of 1000  cm'/V.sec was
obtained.  [0035] Next, the results obtained in cases where single
crystals were grown in the same growth conditions as in  Example I for
samples in which the off-angles of the main  substrates were varied
(samples in which a plurality of  off-substrates were present), samples in
which the off- angle of the off-substrate was varied, samples in which  the
disposition of the off-substrate was varied, and  samples in which the
orientation of the off-substrate was  varied, will be described as
comparative examples. Among  these comparative examples, comparative
examples in which  the disposition of the off-substrate was varied were
subjected to growth from 9 single crystal substrates of  the same size as
the size used in Example 1. In the  other comparative examples, the size
and number of the  substrates were the same as in Example 1. These
substrate conditions and disposition conditions are  summarized in Table 1.
- 11 Table 1 



MainOff-Substrate disposition substratesubstrateOff-Off-Dispo-
off-angleoff-anglesubstratesubstratesition
(degrees)(degrees)position<100>diagram direction 0.1, 0.4,OuterOuter
Example 10.94.5circum-circum-Fig. 1 ferenceference Compara-OuterOuter
tive0.4, 0.52.2, 4.1circum-circum-Fig. 3 Example 1ferenceference
Compara-0.2 0.4 OuterOuter ' tive0.88.4circum-circum-Fig. 1 Example
2ferenceference Compara--0.1, 0.1, (Outer 0.2, 0.3 tive,
2.9Centercircum-Fig. 4 0.4, 0.4 Example 3, ference) 0.5 0.8 Compara-- Outer
0.3, 0.5 ,  tive0.6 circum-CenterFig. 5 .6 



Example 4ference [00361 Among the main substrates, as is shown in Fig. 3,
Comparative Example 1 is an example in which one off-- angle departs from
the conditions for the main substrate 1 in the present invention, but in
which the conditions  for the off-substrate 2 are satisfied, i. e., a
plurality  of off-substrates 2 are provided. As a result of diamond  single
crystal growth under the same growth conditions as  in Example 1, single
crystals were grown onto the respective main substrates 1 in the lateral
direction  from the two off-substrates 2; however, since grown  single
crystal layers 10 and 11 grown from the respective off-substrates
interfered with each other, there was no  full surface integration, and
small angle boundaries 9  originating in the two substrates were present.
Fig. 6  shows a model diagram of the state following growth.  Subsequently,
the vapor phase synthesized single crystal  layer was cut out by laser
cutting, and the positive hole -12 mobility in the direction straddling the
small angle  boundaries at ordinary temperatures was evaluated by Hall
measurement. As a result, a low speed (compared to  Example 1) of 150 cm'/
V.sec was obtained. [0037] Next, Comparative Example 2 is an example in
which the off-angle of the off-substrate departs from the  range of the
present invention. As result of a diamond  single crystal being grown under
the same growth  conditions as in the above-mentioned Example 1, a diamond
single crystal was grown onto the main substrates 1 from  the off-substrate
2; however, a polycrystalline layer 12  developed from the peripheral
regions prior to covering  the entire surface (Fig. 7). As a result, a
single  crystal integrated over the entire surface was not  



obtained. [0038] Next, Comparative Example 3 is an example in  which the
off-substrate 2 is disposed in the center so as  to be surrounded by the
main substrates I as shown in Fig.  4. As result of a diamond single
crystal being grown  under the same growth conditions as in the above-
mentioned Example 1, a single crystal was grown so that  this single
crystal covered the three main substrates  present in an opposite
orientation from the <100>  direction 4 of the off-substrate; however,
there was no  expanded growth onto the other five main substrates, so  that
single crystals grown from the respective substrates  were respectively
present. As a result, small angle  boundaries 9 remained "as is" on the
outermost surface  (Fig. 8). [0039) Next, Comparative Example 4 is an
example in  which the <100> direction of the off-substrate 2 faces  the
center of the disposed substrates as shown in Fig. 5.  As result of a
diamond single crystal being grown under  the same growth conditions as in
the above-mentioned - 13 Example 1, a single crystal grown in the lateral
direction from the off-substrate faced in the direction  of the outer
circumference of the substrates; however,  there was no expanded growth
onto the other substrates.  As a result, small angle grain boundaries 9
originating  in the four substrates were present on the outermost  surface
(Fig. 9). Subsequently, the  vapor phase  synthesized single crystal layer
was cut out by laser  cutting, and the positive hole mobility in the
direction  straddling the small angle boundaries 9 at ordinary
temperatures was evaluated by Hall measurement. As a  result, a low speed
(compared to Example 1) of 100  CM2/ V  



.sec was obtained. [0040]. Furthermore, an example in which a diamond
single crystal was grown in a vapor phase from the off- substrate used in
Example 1 without using another main  substrate will be described as
Comparative Example 5. As  result of a diamond single crystal being grown
under the  same growth conditions as in the above-mentioned Example  1 on a
single crystal substrate with an off-angle of 4.5  degrees, a diamond
single crystal was grown in the  lateral direction; however, the growth
temperature and  the like could not be maintained in the lateral growth
region, so that a polycrystalline substance was grown in  the outer
circumferential portion of the lateral growth  region (Fig. 10).
Furthermore, in regard to the single  crystal size as well, the thickness
was the same 3 mm as  in Example 1; however, the single crystal growth area
stopped at an expansion to a square of 6 mm x 6 mm.  [Example 21 (0041]
Next, an example in which the off-angle of the  off-substrate was varied
will be described. The various  conditions other than the off-angle of the
off-substrate  were the same as in the above mentioned Example 1. Here, -
14 the off-angles of the off-substrates used were four  different angles,
i. e., 1.1 degrees, 3.9 degrees, 5.1  degrees and 7.9 degrees. First, in
the case of the  sample with an off-angle of 1.1 degrees, the single
crystal grown from the off-substrate did not cover the  single crystal
grown from the main substrates in the same  growth time of 300 hours as in
the above-mentioned  Example 1. However, coverage was achieved as shown in
Fig. 2 in the case of subsequent additional growth for  200 hours. The
thickness of the vapor phase synthesized  



single crystal layer in this case was 4 mm. When similar  growth was
performed on the samples having off-angles of  3.9 degrees and 5.1 degrees,
complete coverage was not  achieved for the growth. time-of 300 hours;
however,  coverage was achieved as shown in Fig. 2 by conducting an
additional growth for 45 hours and 55 hours, respectively.  The respective
thicknesses of the vapor phase synthesized  single crystal layers in these
cases were 3.3 mm and 3.4  mm. For these three embodiments, the integrated
single  crystal layer was cut out by laser cutting, and the  positive hole
mobility was evaluated by Hall measurement.  As a result, a high value of
1000 cm'/ V .sec was obtained  in each case. [0042) Finally, when similar
growth was performed for  the sample having an off-angle of 7.9 degrees,
complete  coverage was not obtained in a growth time of 300 hours;
however, a single crystal layer grown from the off- substrate covered the
entire surface as shown in Fig. 2  in the case of subsequent additional
growth for 200 hours.  The thickness of the single crystal layer was 4 mm.
Subsequently, -the integrated single crystal layer was cut  out by laser
cutting, and the positive hole mobility was  evaluated by Hall measurement.
As a result, the value  obtained, i. e., 900 cm'/  V.sec, was slightly
lower than - 15 that of the abovementioned  Example 1; however, this  value
was sufficiently high for use as a high-performance  semiconductor. [00431
Thus, it was indicated that diamond single  crystals manufactured by the
method represented by the  above examples of the present invention are
large-area,  high-quality single crystal substrates that can be  utilized
as semiconductor substrates or the like. 



-16 Claims 1. A diamond single crystal composite substrate  which are
constructed from a plurality of diamond single  crystal substrates with
uniform plane orientations  disposed side by side and integrated overall by
growing  diamond single crystals thereon by vapor phase synthesis,  in
which the deviation of the plane orientation of the  main plane of each of
said plurality of diamond single  crystal substrates', excluding one
diamond single crystal  substrate, from the {100} plane is less than I
degree,  the deviation of the plane orientation of the main plane  of the
excluded one substrate from the {100} plane is I  to 8 degrees, said one
diamond single crystal substrate  is disposed in the outermost
circumferential part when  the diamond single crystal substrates are
disposed side  by side, and is disposed so that the <100> direction in  the
main plane of said one substrate faces in the outer  circumferential
direction of the disposed substrates, and  diamond single crystals are then
grown by vapor phase .synthesis so that a diamond single crystal grown from
said one diamond single substrate is caused to cover  diamond single
crystals grown on the other substrates, to  achieve an overall integration.
2. A method for manufacturing a diamond single  crystal composite substrate
which are constructed from a  plurality of diamond single crystal
substrates with  uniform plane orientations disposed side by side and
integrated overall by growing diamond single crystals  thereon by vapor
phase synthesis, the method comprising:  providing a plurality of diamond
single crystal  substrates in which the deviation of the plane  orientation
of the main plane of each of said plurality 



-17 of diamond single crystal substrates, excluding one  diamond single
crystal substrate, from the {100} plane is  less than 1 degree and the
deviation of the plane  orientation of the main plane of the excluded one
substrate from the {100} plane is 1 to 8 degrees;  disposing said plurality
of diamond single crystal  substrates side by side in such an arrangement
that said  one substrate is disposed in the outermost  circumferential part
and the <100> direction in the main  plane of said one substrate "faces in
the outer  circumferential direction of the disposed substrates; and  then
growing diamond single crystals by vapor phase  synthesis so that the
diamond single crystal grown from  said one substrate is caused to cover
diamond single  crystals grown on the other substrates, to achieve an
overall integration. 


