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Description

TECHNICAL FIELD

[0001] The present invention relates to polycrystalline
diamond and a manufacturing method thereof, and par-
ticularly to polycrystalline diamond having a crystal grain
of a nano size (hereinafter referred to as "nano polycrys-
talline diamond") and a manufacturing method thereof,
nano polycrystalline diamond which can be made use of
for magnetic sensing and a manufacturing method there-
of, and nano polycrystalline diamond having excellent
thermal conductivity and a manufacturing method there-
of.

BACKGROUND ART

[0002] It has recently been clarified that a nano poly-
crystalline diamond sintered object has hardness ex-
ceeding natural single-crystal diamond and has a prop-
erty excellent as a tool. Hardness of the nano polycrys-
talline diamond sintered object is approximately from 120
to 130 GPa expressed in Knoop hardness. One example
of such polycrystalline diamond is described, for exam-
ple, in Japanese Patent Laying-Open No. 2003-292397
and Diamond and Related Materials, 15 (2006), pp. 1576
to 1579.
[0003] On the other hand, needs for a small tool and
a tool having high wear resistance have increased, and
a diamond material having higher hardness has been
demanded.
[0004] In addition, it has been known that magnetic
sensing can be carried out by making use of an NV (Ni-
trogen-Vacancy) center in the inside of diamond. For ex-
ample, J. R. Maze et al., "Nanoscale magnetic sensing
with an individual electronic spin in diamond," Nature,
Vol. 455, pp. 644 to 647 (2008) has made a report on
magnetic sensing making use of an individual electron
spin in diamond.
[0005] It has recently be clarified that a nano polycrys-
talline diamond sintered object has hardness exceeding
natural single-crystal diamond and has a property excel-
lent as a tool. Hardness of the nano polycrystalline dia-
mond sintered object is approximately from 120 to 130
GPa expressed in Knoop hardness. One example of such
nano polycrystalline diamond is described, for example,
in Japanese Patent Laying-Open No. 2003-292397 and
Diamond and Related Materials, 15 (2006), pp. 1576 to
1579.
[0006] In addition, needs for a small tool and a tool
having high wear resistance have increased, and a dia-
mond material having higher hardness has been de-
manded. One example of such a high-hardness diamond
polycrystalline body is described, for example, in Japa-
nese Patent Laying-Open No. 2007-55819.
[0007] On the other hand, reports paying attention to
thermal conductivity of diamond have also been made.
For example, J. Appl. Phys. 69 (12), 15 June 1991, pp.

8122 to 8125 has made a report on thermal conductivity
of an isotopically enriched polycrystalline diamond film,
and Diamond and Related Materials, 1 (1992), pp. 717
to 726 has reported characteristics of diamond when iso-
topic composition is varied.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0010] Single-crystal diamond includes what is called
IIa-type diamond and Ib-type diamond. The IIa-type dia-
mond is high-purity diamond containing substantially no
nitrogen representing an impurity, and the Ib-type dia-
mond is an impurity-containing diamond containing ni-
trogen representing an impurity by approximately 0.1%.
It has been known that IIa-type diamond is harder than
Ib-type diamond based on comparison of hardness of
these diamonds. It is thus estimated that hardness of
single-crystal diamond can be increased by decreasing
an amount of impurity in single-crystal diamond so as to
achieve higher purity.
[0011] Though the case of single-crystal diamond is
considered as also similarly applicable to the case of na-
no polycrystalline diamond, in the case of nano polycrys-
talline diamond, it is difficult to achieve higher purity as
in the case of single-crystal diamond. This is because,
in the step of synthesizing nano polycrystalline diamond,
many impurities represented by Si, B, H, and N are nor-
mally introduced in diamond.
[0012] Though nano polycrystalline diamond can be
synthesized, for example, by direct conversion from
graphite to diamond, commercially available graphite is
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made of coke or pitch and hence it is difficult to avoid
introduction of an impurity in graphite. Therefore, an im-
purity will be taken also in nano polycrystalline diamond
synthesized with that method. In addition, even though
purity of graphite is made higher, it is difficult with the
state of the art to remove an impurity introduced during
manufacturing of graphite. An impurity which has not
completely been removed segregates at a crystal grain
boundary of a synthesized diamond crystal of a nano
size, and the diamond crystal tends to slip at the crystal
grain boundary, which interferes increase in hardness of
nano polycrystalline diamond. As above, with the con-
ventional technique, increase in purity and hardness of
nano polycrystalline diamond has been limited.
[0013] Another problem is that, due to presence of a
large amount of impurity in diamond, the impurity will ad-
versely affect intensity of fluorescence of a NV center
and also increase a width of a resonance line which de-
termines sensitivity, and resultant lowering in accuracy
in magnetic sensing is concerned.
[0014] In the conventional step of synthesizing poly-
crystalline diamond, many impurities represented by hy-
drogen, nitrogen, silicon, and boron are introduced in dia-
mond. Though nano polycrystalline diamond can be syn-
thesized, for example, by direct conversion from graphite
to diamond, commercially available graphite is made of
coke or pitch and hence it is difficult to avoid introduction
of an impurity in graphite. Therefore, an impurity will be
taken also in polycrystalline diamond synthesized with
that method. In addition, even though purity of graphite
is made higher, it is difficult with the state of the art to
remove an impurity introduced during manufacturing of
graphite. An impurity which has not completely been re-
moved segregates at a crystal grain boundary of a syn-
thesized diamond crystal.
[0015] Thus, since resultant polycrystalline diamond
contains many impurities, it has been considered as dif-
ficult to fabricate a substrate suitable for magnetic sens-
ing with polycrystalline diamond. It has been considered
as very difficult in particular in the case of nano polycrys-
talline diamond having small crystal grains of a nano size.
[0016] Yet another problem is that scattering of pho-
nons is significant since nano polycrystalline diamond
has a small crystal grain size. Therefore, it has been
found that thermal conductivity of nano polycrystalline
diamond is lower than thermal conductivity of single-crys-
tal diamond or common polycrystalline diamond.
[0017] On the other hand, it has been known that sin-
gle-crystal diamond has higher thermal conductivity as
a concentration of a carbon isotope is higher. Polycrys-
talline diamond fabricated with a chemical vapor depo-
sition (CVD) method, however, will not be higher in ther-
mal conductivity even when a concentration of a carbon
isotope is higher. Therefore, it has been considered that
an effect by an isotope is not expressly appeared in poly-
crystalline diamond and thermal conductivity does not
become higher.
[0018] As above, it has been difficult to improve ther-

mal conductivity of nano polycrystalline diamond even
though a concentration of a carbon isotope is higher.
[0019] The present invention was made in view of the
problems as described above, and one object is to pro-
vide nano polycrystalline diamond having high purity and
high hardness and a manufacturing method thereof.
[0020] Another object of the present invention is to pro-
vide nano polycrystalline diamond which can be served
for magnetic sensing and a manufacturing method there-
of.
[0021] Yet another object of the present invention is to
provide polycrystalline diamond excellent in thermal con-
ductivity and a manufacturing method thereof.

SOLUTION TO PROBLEM

[0022] The invention provides polycrystalline diamond
according to claim 1. Polycrystalline diamond according
to the present invention is diamond having high purity at
an unprecedented level (for example, a level which could
not conventionally be achieved by mixing powders and
subjecting the powders to heating treatment or the like)..
In the following, the term "impurity" used in relation to the
content of the polycrystalline diamond of the present in-
vention means hydrogen, oxygen, nitrogen, silicon and
boron.
[0023] The polycrystalline diamond above is extremely
low in impurity concentration in its entirety. In the poly-
crystalline diamond according to the present invention,
segregation of an impurity as in the conventional example
is not observed, and an impurity concentration in any
portion is extremely low. In addition, a concentration of
the impurities at a crystal grain boundary is also approx-
imately not higher than 0.01 mass %. Since an impurity
concentration is thus extremely low, Knoop hardness of
the polycrystalline diamond is also high, and the poly-
crystalline diamond has Knoop hardness not lower than
150 GPa.
[0024] In the polycrystalline diamond, a concentration
of hydrogen is, for example, approximately not higher
than 231018/cm3 a concentration of oxygen is, for ex-
ample, approximately not higher than 231017/cm3 a con-
centration of nitrogen is, for example, approximately not
higher than 431016/cm3, a concentration of silicon is, for
example, approximately not higher than 131016/cm3,
and a concentration of boron is, for example, approxi-
mately not higher than 231015/cm3.
[0025] The polycrystalline diamond above can be fab-
ricated by sintering graphite obtained by direct thermal
decomposition of hydrocarbon having purity not lower
than 99.99%, at a temperature not lower than 1500°C.
[0026] A method for manufacturing polycrystalline dia-
mond according to the present invention is according to
claim 4.
[0027] In the step of converting the graphite to dia-
mond, the graphite is preferably converted to diamond
at a high temperature and a high pressure without adding
a sintering aid or a catalyst. In addition, the step of pre-
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paring graphite may include the step of forming graphite
on a base material by thermal decomposition of a hydro-
carbon gas having purity not lower than 99.99% and in-
troduced in a vacuum chamber, at a temperature not low-
er than 1500°C. Moreover, in the step of converting the
graphite to diamond, diamond can be synthesized by in-
itially loading graphite formed on the base material into
a vacuum chamber, subjecting graphite to heat treatment
in the vacuum chamber, and then keeping graphite sub-
jected to heat treatment under conditions of a high pres-
sure not lower than 12 GPa and a high temperature not
lower than 1500°C.
[0028] For example, hydrogen, oxygen, nitrogen, sili-
con, and boron can be exemplified as impurities in graph-
ite above. A concentration of these impurities is theoret-
ically the same as a concentration of impurities contained
in resultant polycrystalline diamond.
[0029] In a Reference Example, polycrystalline dia-
mond is diamond which is composed substantially of a
specific carbon isotope, is a polycrystalline body, and
can be used for magnetic sensing. Specifically, polycrys-
talline diamond is composed of carbon in which purity of
a carbon isotope 12C is not lower than 99.9 mass % and
a plurality of impurities other than carbon. The polycrys-
talline diamond has a concentration of each of the plu-
rality of impurities not higher than 0.01 mass % and a
crystal grain size (a maximum length) not greater than
500 nm.
[0030] The polycrystalline diamond above has a small
crystal grain size, contains a carbon isotope 12C of high
purity, and is extremely low in impurity concentration in
its entirety. In the polycrystalline diamond, segregation
of an impurity as in the conventional example is not ob-
served, and an impurity concentration in any portion is
extremely low. Therefore, a concentration of the impuri-
ties at a crystal grain boundary is also approximately not
higher than 0.01 mass %. Since an impurity concentra-
tion is thus extremely low and a crystal grain size is small,
Knoop hardness of the polycrystalline diamond is also
high and for example, the polycrystalline diamond has
Knoop hardness not lower than 150 GPa.
[0031] For example, hydrogen, oxygen, nitrogen, sili-
con, and boron can be exemplified as the plurality of im-
purities above. In polycrystalline diamond, a concentra-
tion of hydrogen is, for example, approximately not higher
than 231018/cm3, a concentration of oxygen is, for ex-
ample, approximately not higher than 231017/cm3, a
concentration of nitrogen is, for example, approximately
not higher than 431016/cm3, a concentration of silicon
is, for example, approximately not higher than
131016/cm3, and a concentration of boron is, for exam-
ple, approximately not higher than 231015/cm3.
[0032] The polycrystalline diamond above can be fab-
ricated by sintering graphite obtained by thermal decom-
position of hydrocarbon in which purity of a carbon iso-
tope 12C is not lower than 99.9 mass %, at a temperature
not lower than 1500°C.
[0033] In another Reference Example, a method for

manufacturing polycrystalline diamond includes the
steps of preparing graphite obtained by thermal decom-
position of a hydrocarbon gas of which purity of a carbon
isotope 12C is not lower than 99.9 mass % and of which
chemical purity is not lower than 99 mass % and con-
verting the graphite to diamond by subjecting the graphite
to heat treatment within high-temperature and high-pres-
sure press equipment.
[0034] In the step of converting the graphite to dia-
mond, the graphite is preferably subjected to heat treat-
ment at a high pressure without adding a sintering aid or
a catalyst. In addition, the step of preparing graphite may
include the step of forming graphite on a base material
by thermal decomposition of the hydrocarbon gas intro-
duced in a vacuum chamber, preferably at a temperature
not lower than 1500°C. Moreover, in the step of convert-
ing the graphite to diamond, the graphite formed on the
base material may be subjected to heat treatment at a
high pressure not lower than 7 GPa and at 1500°C or
higher. The graphite preferably has bulk density not lower
than 1.4 g/cm3.
[0035] In yet another Reference Example, polycrystal-
line diamond according to the present invention is dia-
mond composed substantially of a specific carbon iso-
tope and having thermal conductivity and a crystal grain
size at an unprecedented level. Specifically, polycrystal-
line diamond is composed of carbon composed substan-
tially of any carbon isotope of 12C and 13C and a plurality
of impurities other than carbon, and the polycrystalline
diamond has a concentration of each of the plurality of
impurities not higher than 0.01 mass % and a crystal
grain size (a maximum length) not greater than 500 nm.
[0036] The polycrystalline diamond above has a small
crystal grain size, contains 12C or 13C of high purity, and
is extremely low in impurity concentration in its entirety.
In the polycrystalline diamond, segregation of an impurity
as in the conventional example is not observed, and an
impurity concentration in any portion is extremely low.
Therefore, a concentration of the impurities at a crystal
grain boundary is approximately not higher than 0.01
mass %. Since an impurity concentration is thus extreme-
ly low and a crystal grain size is small, Knoop hardness
of the polycrystalline diamond is also high and for exam-
ple, the polycrystalline diamond has Knoop hardness not
lower than 140 GPa.
[0037] For example, hydrogen, oxygen, nitrogen, sili-
con, and boron can be exemplified as the plurality of im-
purities above. In polycrystalline diamond, a concentra-
tion of hydrogen is, for example, approximately not higher
than 231018/cm3, a concentration of oxygen is, for ex-
ample, approximately not higher than 231017/cm3, a
concentration of nitrogen is, for example, approximately
not higher than 431016/cm3, a concentration of silicon
is, for example, approximately not higher than
131016/cm3, and a concentration of boron is, for exam-
ple, approximately not higher than 231015/cm3.
[0038] The polycrystalline diamond above can be fab-
ricated by sintering graphite obtained by thermal decom-
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position of hydrocarbon in which purity of a carbon iso-
tope 12C or 13C is not lower than 99.9 mass %, at a tem-
perature not lower than 1500°C.
[0039] In yet another Reference Example, a method
for manufacturing polycrystalline diamond includes the
steps of preparing graphite obtained by thermal decom-
position of a hydrocarbon gas of which purity of a carbon
isotope 12C or 13C is not lower than 99.9 mass % and
converting the graphite to diamond by subjecting the
graphite to heat treatment within high-pressure press
equipment.
[0040] In the step of converting the graphite to dia-
mond, the graphite is preferably subjected to heat treat-
ment within the high-pressure press equipment without
adding a sintering aid or a catalyst. In addition, the step
of preparing graphite may include the step of forming
graphite on a base material by thermal decomposition of
the hydrocarbon gas introduced in a vacuum chamber,
at a temperature not lower than 1500°C. Moreover, in
the step of converting the graphite to diamond, the graph-
ite formed on the base material may be subjected to heat
treatment at a high pressure not lower than 7 GPa and
at 1500°C or higher. The graphite preferably has bulk
density not lower than 1.4 g/cm3.

ADVANTAGEOUS EFFECTS OF INVENTION

[0041] Since a concentration of an impurity contained
in polycrystalline diamond according to the present in-
vention is not higher than 0.01 mass %, nano polycrys-
talline diamond having unprecedentedly high hardness
is obtained.
[0042] Since graphite is converted to diamond by sub-
jecting graphite in which a concentration of an impurity
is not higher than 0.01 mass % to heat treatment in the
method for manufacturing polycrystalline diamond ac-
cording to the present invention, nano polycrystalline dia-
mond having unprecedentedly high purity and high hard-
ness can be fabricated.
[0043] In polycrystalline diamond according to a Ref-
erence Example, since a concentration of a carbon iso-
tope 12C in carbon is set as high as to 99.9 mass % or
higher and a concentration of each impurity in diamond
is extremely low, that is, not higher than 0.01 mass %,
as compared with conventional polycrystalline diamond,
magnetic sensing making use of an NV center can be
carried out.
[0044] In the method for manufacturing polycrystalline
diamond according to another Reference Example, since
graphite (solid carbon) of which purity of carbon isotope
12C is not lower than 99.9 mass % and of which chemical
purity is not lower than 99 mass % is prepared by thermal
decomposition of a hydrocarbon gas of which purity of
carbon isotope 12C is not lower than 99.9 mass % and
of which chemical purity is not lower than 99 mass % and
the graphite is converted to diamond by being subjected
to heat treatment, polycrystalline diamond containing a
high-purity carbon isotope 12C, in which an impurity con-

centration is extremely low, can be fabricated. Namely,
polycrystalline diamond capable of magnetic sensing
making use of an NV center can be fabricated.
[0045] According to yet another Reference Example,
since polycrystalline diamond is composed substantially
of any carbon isotope of 12C and 13C and a concentration
of an impurity is not higher than 0.01 mass %, nano poly-
crystalline diamond having unprecedentedly excellent
thermal conductivity is obtained.
[0046] In the method for manufacturing polycrystalline
diamond according to yet another Reference Example,
since graphite (solid carbon) is prepared by thermal de-
composition of a hydrocarbon gas in which purity of car-
bon isotope 12C or 13C is not lower than 99.9 mass %
and graphite is converted to diamond by being subjected
to heat treatment, nano polycrystalline diamond having
unprecedentedly excellent thermal conductivity can be
fabricated.

BRIEF DESCRIPTION OF DRAWINGS

[0047]

Fig. 1 is a perspective view showing how nano poly-
crystalline diamond in one embodiment of the
present invention is fabricated from graphite formed
on a base material.
Fig. 2 is a diagram showing one example of distri-
bution of an impurity in nano polycrystalline diamond
in one embodiment of the present invention.
Fig. 3 is a diagram showing one example of distri-
bution of an impurity in nano polycrystalline diamond
fabricated with a conventional high-purity graphite
material.
Fig. 4 is a perspective view showing how nano poly-
crystalline diamond in a Reference Example is fab-
ricated from graphite formed on a base material.
Fig. 5 is a perspective view showing how nano poly-
crystalline diamond in yet another Reference Exam-
ple is fabricated from graphite formed on a base ma-
terial.

DESCRIPTION OF EMBODIMENTS

[0048] An embodiment of the present invention will be
described hereinafter with reference to Figs. 1 to 3.
[0049] Nano polycrystalline diamond in the present
embodiment is extremely small in an amount of an im-
purity. Though nano polycrystalline diamond typically
contains a plurality of inevitable impurities, in nano poly-
crystalline diamond in the present embodiment, a con-
centration of each impurity is not higher than 0.01 mass
%.
[0050] As shown in Fig. 1, nano polycrystalline dia-
mond 1 in the present embodiment is formed on a base
material 2. Nano polycrystalline diamond 1 can be fabri-
cated by subjecting graphite 10 formed on base material
2 to heat treatment. Graphite 10 is an integral solid and
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contains a crystallized portion. In an example in Fig. 1,
though polycrystalline diamond 1 and graphite 10 have
a shape like a flat plate, it is possible that they have any
shape and thickness.
[0051] Nitrogen is great in an amount of precipitation
at a crystal grain boundary and a concentration at the
crystal grain boundary is also normally several hundred
ppm in a conventional example. Thus, crystal grains tend
to slip at the crystal grain boundary. Hydrogen is stabi-
lized by sp2 bond at the crystal grain boundary, which
consequently lowers hardness of graphite. Since a
source material for graphite is coke or pitch as described
above in a diamond sintered object fabricated with con-
ventional graphite, hydrogen in an amount of approxi-
mately several hundred ppm is inevitably introduced in
graphite in spite of treatment for highly purifying the
same. Oxygen is likely to react with carbon, and in addi-
tion, it forms an oxide with boron and promotes local
growth of crystal grains. In addition, nitrogen and boron
cause slip of crystal grains at the crystal grain boundary,
which interferes with increase in hardness up to essential
hardness limit.
[0052] In graphite used for fabricating nano polycrys-
talline diamond in the present embodiment, an amount
of an impurity such as nitrogen, hydrogen, oxygen, boron,
silicon, and a transition metal is 0.01 mass % or lower.
Namely, a concentration of an impurity in graphite is ap-
proximately not higher than a detection limit in SIMS
(Secondary Ion Mass Spectrometry) analysis. In addi-
tion, a concentration of a transition metal in graphite is
approximately not higher than a detection limit in ICP
(Inductively Coupled Plasma) analysis or SIMS analysis.
[0053] Thus, in the case that an amount of an impurity
in graphite is lowered down to a level of the detection
limit in SIMS analysis or ICP analysis and diamond is
made of graphite, diamond having extremely high purity
and high hardness can be fabricated. It is noted that,
even when graphite containing an impurity slightly more
than the detection limit in SIMS analysis or ICP analysis
is employed, diamond having characteristics significantly
better than in a conventional example is obtained.
[0054] In nano polycrystalline diamond in the present
embodiment, a concentration of an impurity is extremely
low in its entirety. In addition, in the nano polycrystalline
diamond, segregation of an impurity as in the conven-
tional example is not observed and a concentration of an
impurity in any portion is also extremely low. Moreover,
a concentration of an impurity at a crystal grain boundary
is also approximately not higher than 0.01 mass %. Since
a concentration of an impurity at the crystal grain bound-
ary is thus extremely low, slip of crystal grains at the
crystal grain boundary can be suppressed and bond be-
tween crystal grains can be strengthened. Polycrystalline
diamond can thus have high Knoop hardness. Further-
more, abnormal growth of crystal grains can also effec-
tively be suppressed and variation in size of crystal grains
can also be lessened.
[0055] In the case that nano polycrystalline diamond

in the present embodiment contains, for example, hydro-
gen, oxygen, nitrogen, silicon, and boron, in the nano
polycrystalline diamond, a concentration of hydrogen is
approximately not higher than 231018/cm3, a concentra-
tion of oxygen is approximately not higher than
231017/cm3, a concentration of nitrogen is approximate-
ly not higher than 431016/cm3, a concentration of silicon
is approximately not higher than 131016/cm3, and a con-
centration of boron is approximately not higher than
231015/cm3. Preferably, in the nano polycrystalline dia-
mond, a concentration of hydrogen is approximately not
higher than 531017/cm3, a concentration of oxygen is
approximately not higher than 131017/cm3, a concentra-
tion of nitrogen is approximately not higher than
131016/cm3, a concentration of silicon is approximately
not higher than 531015/cm3, and a concentration of bo-
ron is approximately not higher than 731014/cm3.
[0056] A crystal grain size (a maximum length) of the
nano polycrystalline diamond in the present embodiment
is not greater than 500 nm. More specifically, the nano
polycrystalline diamond has a crystal grain size (a max-
imum length) approximately from 10 to 100 nm.
[0057] Fig. 2 shows one example of distribution of an
impurity in nano polycrystalline diamond in one embod-
iment of the present invention. Fig. 3 shows one example
of distribution of an impurity in nano polycrystalline dia-
mond fabricated with a conventional high-purity graphite
material, as a comparative example.
[0058] As shown in Figs. 2 and 3, it can be seen that,
in any diamond, though variation in concentration of each
impurity in a direction of depth of diamond is relatively
less, an amount of an impurity in the nano polycrystalline
diamond in the present embodiment is at an extremely
low value. Since an amount of an impurity in nano poly-
crystalline diamond can thus be small, as described in
each Example which will be described later, nano poly-
crystalline diamond can have extremely high Knoop
hardness, 150 GPa or higher.
[0059] Bulk density of graphite is desirably, for exam-
ple, not lower than 0.8 g/cm3. Preferably, bulk density of
graphite is not lower than 1.4 g/cm3. By setting density
as such, volume change due to compression during a
high-temperature and high-pressure process can be sup-
pressed to be small, and not only temperature control is
facilitated but also yield can be improved.
[0060] A method for manufacturing nano polycrystal-
line diamond in the present embodiment will now be de-
scribed.
[0061] Nano polycrystalline diamond according to the
present embodiment can be fabricated by the method of
claim 4.
[0062] Graphite may be fabricated within the vacuum
chamber before fabrication of nano polycrystalline dia-
mond, or graphite formed in advance on a base material
or the like may separately be prepared and stored. In the
case that graphite is fabricated in the vacuum chamber
before fabrication of nano polycrystalline diamond, ini-
tially, a base material may be set in the vacuum chamber,
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graphite may be fabricated on the base material, and
graphite may subsequently be subjected to heat treat-
ment in the same vacuum chamber. In addition, this
graphite can be transported to a glove box connected to
the vacuum chamber, and packed and sealed in a pres-
sure cell therein. In this case, graphite and source ma-
terials for nano polycrystalline diamond can continuously
be sealed in the vacuum chamber and introduction of an
impurity into diamond can further effectively be sup-
pressed.
[0063] Graphite can be formed on the base material
by thermal decomposition of a hydrocarbon gas intro-
duced in the vacuum chamber, of which purity is not lower
than 99.99%, at a temperature approximately not lower
than 1500°C and not higher than 3000°C. Here, a degree
of vacuum within the vacuum chamber is desirably set
approximately to 20 to 100 Torr. Thus, graphite in a solid
phase and integrally crystalline or polycrystalline can di-
rectly be formed on a base material from hydrocarbon in
a vapor phase. In addition, graphite extremely small in
an amount of an impurity can be fabricated on the base
material. It is noted that a methane gas is preferably em-
ployed as the hydrocarbon gas.
[0064] In fabricating graphite on the base material, the
base material set in the vacuum chamber is heated to a
temperature not lower than 1500°C. A well known tech-
nique can be adopted as a heating method. For example,
it is possible that a heater capable of directly or indirectly
heating the base material to a temperature not lower than
1500°C is provided in the vacuum chamber.
[0065] Any solid-phase material may be used as the
base material for fabricating graphite, so long as it is a
material capable of withstanding a temperature approx-
imately from 1500°C to 3000°C. Specifically, a metal, an
inorganic ceramic material, and a carbon material can
be used as the base material. From a point of view of
suppressing introduction of an impurity in graphite, the
base material is preferably composed of carbon. Dia-
mond or graphite can be exemplified as a carbon material
in a solid phase. In the case that graphite is used for the
base material, graphite extremely small in an amount of
an impurity, which is fabricated with the technique de-
scribed above, can be used for the base material. In the
case that such a carbon material as diamond and graph-
ite is employed as a material of the base material, at least
a surface of the base material should only be composed
of a carbon material. For example, only a surface of the
base material may be composed of a carbon material
and a remaining portion of the base material may be com-
posed of a material other than the carbon material, or the
entire base material may be composed of the carbon
material.
[0066] Since diamond in the present embodiment is
synthesized not through martensitic transformation, a
crystal grain size of graphite is not particularly restricted.
[0067] For example, hydrogen, oxygen, nitrogen, sili-
con, and boron can be exemplified as an impurity in
graphite. A concentration of these impurities is theoreti-

cally approximately the same as a concentration of the
impurity above contained in resultant polycrystalline dia-
mond.
[0068] In the step of converting graphite to diamond,
graphite is preferably subjected to heat treatment at a
high pressure without adding a sintering aid or a catalyst.
As conditions for synthesizing diamond, a temperature
should only be set approximately to 1200°C to 2500°C
and a pressure should only be set approximately to 7
GPa to 25 GPa. Preferably, a synthesis temperature is
not lower than 1900°C and a synthesis pressure is not
lower than 12 GPa.
[0069] A uniaxial pressure may be applied or an iso-
tropic pressure may applied, for synthesis of diamond.
From a point of view of achieving the same size of crystal
grains and the same degree of anisotropy of crystals by
application of an isotropic pressure, however, synthesis
at a hydrostatic pressure is preferred.
[0070] Examples of the present invention will now be
described.

Example 1

[0071] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C in a vacuum
chamber. Here, a degree of vacuum in the vacuum cham-
ber was set to 20 to 30 Torr. Then, graphite deposited
on the diamond substrate. Bulk density of graphite was
2.0 g/cm3.
[0072] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

(Comparative Example 1)

[0073] Graphite made of coke or pitch was subjected
to high-temperature halogen treatment three times so as
to have higher purity, and this graphite was employed as
a source material. An ultra-high-pressure machine was
used to directly obtain polycrystalline diamond from the
graphite above at a temperature of 2200°C and a pres-
sure of 15 GPa. This polycrystalline diamond had a crys-
tal grain size from 50 to 300 nm. As a result of SIMS
analysis, H, N, B, O, and Si were detected and a degree
thereof was 10 to 1000 times as high as in Example 1.
Si not lower than 531016/cm3 was also detected. This
polycrystalline diamond had Knoop hardness of 120
GPa.
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(Comparative Example 2)

[0074] With the method shown in Japanese Patent
Laying-Open No. 2009-67609, a non-diamond carbon
substance was employed as a starting material, and poly-
crystalline diamond was directly obtained at a tempera-
ture of 2200°C and a pressure of 15 GPa. This polycrys-
talline diamond had a crystal grain size from 50 to 300
nm. Hydrogen and oxygen were not higher than 200 ppm
and 50 ppm, respectively, and Knoop hardness was 120
GPa. As a result of SIMS analysis, N, B, and Si were
detected and a degree thereof was 10 to 1000 times as
high as in Example 1. Thus, it is considered that removal
of N, B, and Si greatly affects hardness.

Example 2

[0075] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0076] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 3

[0077] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0078] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 4

[0079] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0080] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 5

[0081] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0082] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 6

[0083] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0084] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
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ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 7

[0085] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0086] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 8

[0087] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0088] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 9

[0089] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0090] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of

2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 10

[0091] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0092] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 11

[0093] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0094] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 12

[0095] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
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set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0096] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 13

[0097] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0098] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 14

[0099] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0100] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 170 GPa.

Example 15

[0101] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0102] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 16

[0103] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0104] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 200 GPa.

Example 17

[0105] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0106] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
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ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 200 GPa.

Example 18

[0107] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0108] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 19

[0109] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0110] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 20

[0111] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0112] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of

2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 21

[0113] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0114] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 198 GPa.

Example 22

[0115] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0116] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 23

[0117] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was

19 20 



EP 2 738 139 B1

12

5

10

15

20

25

30

35

40

45

50

55

set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0118] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 24

[0119] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0120] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 25

[0121] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0122] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 26

[0123] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0124] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 27

[0125] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0126] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 28

[0127] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 20 to 30 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0128] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
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ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 29

[0129] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0130] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 30

[0131] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0132] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 31

[0133] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0134] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of

2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 32

[0135] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0136] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 33

[0137] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0138] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 34

[0139] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
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set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0140] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 35

[0141] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0142] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 36

[0143] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0144] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 37

[0145] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0146] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 38

[0147] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0148] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 39

[0149] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0150] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
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ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 40

[0151] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0152] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 41

[0153] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0154] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 150 GPa.

Example 42

[0155] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0156] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of

2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 170 GPa.

Example 43

[0157] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0158] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 44

[0159] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0160] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 200 GPa.

Example 45

[0161] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
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set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0162] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 200 GPa.

Example 46

[0163] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0164] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 47

[0165] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0166] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 205 GPa.

Example 48

[0167] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0168] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 190 GPa.

Example 49

[0169] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1900°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 2.0
g/cm3.
[0170] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 198 GPa.

Example 50

[0171] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0172] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
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ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 51

[0173] A methane gas at purity of 99.999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0174] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 52

[0175] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0176] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 53

[0177] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0178] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of

2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 54

[0179] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0180] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 55

[0181] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was
set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0182] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.

Example 56

[0183] A methane gas at purity of 99.9999% was blown
onto a diamond substrate heated to 1500°C through po-
rous titanium heated to 600°C in a vacuum chamber.
Here, a degree of vacuum in the vacuum chamber was

31 32 



EP 2 738 139 B1

18

5

10

15

20

25

30

35

40

45

50

55

set to 90 to 100 Torr. Then, graphite deposited on the
diamond substrate. Bulk density of graphite was 1.6
g/cm3.
[0184] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis of the polycrys-
talline diamond above, a content of H, N, B, O, and Si
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond. This nano polycrystalline dia-
mond had Knoop hardness of 160 GPa.
[0185] In Examples above, it could be confirmed that,
by subjecting graphite which was fabricated by thermal
decomposition of a hydrocarbon gas having purity not
lower than 99.999% and had a solid phase, bulk density
from 1.6 g/cm3 to 2.0 g/cm3, and extremely high purity
to heat treatment at a temperature approximately from
2000°C to 2500°C and at a pressure approximately from
15 to 16 GPa, nano polycrystalline diamond having high
purity and high hardness, of which Knoop hardness was
approximately from 150 GPa to 205 GPa, could be fab-
ricated. It is considered, however, that nano polycrystal-
line diamond having comparable characteristics could be
fabricated within the scope described in Scope of Claims
for Patent even though conditions are out of the range
above.
[0186] A Reference Example will be described herein-
after with reference to Fig. 4.
[0187] Nano polycrystalline diamond in the Reference
Example is composed substantially of a carbon isotope
12C and has an extremely small amount of an impurity.
Though nano polycrystalline diamond typically contains
a plurality of inevitable impurities, in nano polycrystalline
diamond in the Reference Example, a concentration of
each impurity is not higher than 0.01 mass %.
[0188] As shown in Fig. 4, nano polycrystalline dia-
mond 1 is formed on base material 2. Nano polycrystal-
line diamond 1 can be fabricated by subjecting graphite
10 composed substantially of a high-purity carbon iso-
tope 12C and formed on base material 2 to heat treatment.
[0189] Nano polycrystalline diamond 1 is extremely
low in impurity concentration in its entirety, segregation
of an impurity as in the conventional example is not ob-
served, and an impurity concentration in any portion is
also extremely low. Therefore, a concentration of the im-
purity at a crystal grain boundary of nano polycrystalline
diamond is also approximately not higher than 0.01 mass
%.
[0190] Thus, in nano polycrystalline diamond 1 since
a concentration of each impurity in diamond is extremely
low, that is, not higher than 0.01 mass %, adverse influ-
ence by an impurity on intensity of fluorescence of an NV
center in the inside of diamond or on a width of a reso-
nance line which determines sensitivity can effectively
be suppressed. Consequently, with the nano polycrys-

talline diamond , magnetic sensing making use of the NV
center can be carried out.
[0191] In addition, by condensing carbon isotope 12C
to thereby achieve high purity not lower than 99.9 mass
% (in the case that a carbon isotope 13C is contained, a
concentration of carbon isotope 13C is not higher than
0.1 mass %), an unnecessary nuclear spin or electron
spin can also effectively be suppressed. Furthermore, in
a diamond crystal composed of carbon isotope 12C and
carbon isotope 13C as mixed, a concentration of carbon
isotope 13C is set to 0.1 mass % or lower, so that influence
by a nuclear spin can more effectively be lessened.
[0192] It is noted that a distance between adjacent
spins is desirably not smaller than approximately several
ten nm. In addition, an electron spin having spin magnetic
moment 1000 times as high as that of a nuclear spin is
desirably not higher than 1/1000, that is, not higher than
0.001%.
[0193] In magnetometry, fluorescence of an NV center
and variation in fluorescence caused by magnetic re-
sponse should only be made use of. For example, mag-
netometry can be carried out by making use of the fact
that light emission of 638 nm or 1042 nm generated as
a result of absorption of light having a wavelength from
400 to 500 nm in diamond exhibits variation in intensity
in response to external magnetic field under a specific
microwave emission condition.
[0194] In the case that the nano polycrystalline dia-
mond contains, for example, hydrogen, oxygen, nitrogen,
silicon, and boron as an impurity, in the nano polycrys-
talline diamond, a concentration of hydrogen is approx-
imately not higher than 231018/cm3, a concentration of
oxygen is approximately not higher than 231017/cm3, a
concentration of nitrogen is approximately not higher
than 431016/cm3, a concentration of silicon is approxi-
mately not higher than 131016/cm3, and a concentration
of boron is approximately not higher than 231015/cm3.
Preferably, in the nano polycrystalline diamond, a con-
centration of hydrogen is approximately not higher than
531017/cm3, a concentration of oxygen is approximately
not higher than 131017/cm3, a concentration of nitrogen
is approximately not higher than 131016/cm3, a concen-
tration of silicon is approximately not higher than
531015/cm3, and a concentration of boron is approxi-
mately not higher than 731014/cm3.
[0195] In the nano polycrystalline diamond , since a
concentration of an impurity at the crystal grain boundary
is also extremely low as described above, slip of crystal
grains at the crystal grain boundary can be suppressed.
Consequently, bond between crystal grains can be
strengthened, as compared with polycrystalline diamond
fabricated with the conventional CVD method.
[0196] In addition, since the nano polycrystalline dia-
mond has less anisotropy than other diamonds such as
single-crystal diamond, it can be used in various shapes.
For example, it can be in a needle-like shape such that
it can directly be inserted in a subject. In this case, a hard
substance can also be tested. Moreover, the nano poly-
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crystalline diamond can be in a thin plate shape and a
test in which a sample is placed thereon can also be
conducted. In this case as well, since cleavage is less
likely, nano polycrystalline diamond is less likely to crack
and magnetic response of a substance or a cell can be
observed while a pressure is applied thereto.
[0197] Furthermore, as purity of a carbon isotope is
made higher, not only slip of a crystal at a crystal grain
boundary of nano polycrystalline diamond is further less
likely, but also non-uniformity of a carbon isotope due to
condensation of the carbon isotope can also be eliminat-
ed. Therefore, all crystal grains in nano polycrystalline
diamond are bonded like one crystal, and molecules can
be bonded to one another in a state close to single crystal
even at a crystal grain boundary, as compared to a crystal
grain boundary of a common diamond polycrystal. As a
result of such a synergistic effect, the nano polycrystalline
diamond can have Knoop hardness as high as approxi-
mately 150 GPa or higher. In addition, as a result of such
an effect that thermal conductivity was higher and non-
uniformity of an isotope was less than those of carbon
only having high purity, such an additional effect that wear
due to friction was less and wear resistance in an atmos-
phere in a range from room temperature to 800°C was
about three times as high as that of a condensed isotope
was also obtained.
[0198] In addition to the above, abnormal growth of
crystal grains during synthesis of diamond can also ef-
fectively be suppressed and variation in size of crystal
grains can also be lessened. Specifically, the nano poly-
crystalline diamond has a crystal grain size (a maximum
length) not greater than 500 nm. More specifically, nano
polycrystalline diamond has a crystal grain size (a max-
imum length) approximately from 10 to 100 nm.
[0199] Graphite which can be used in fabrication of the
nano polycrystalline diamond will now be described.
[0200] Graphite is integral solid carbon and contains a
crystallized portion. In an example in Fig. 4, though poly-
crystalline diamond 1 and graphite 10 have a shape like
a flat plate, it is possible that they have any shape and
thickness. In addition, a component such as a concen-
tration of an impurity in graphite 10 is also basically taken
over by nano polycrystalline diamond 1.
[0201] A crystal grain size (a maximum length of a crys-
tal grain) in the crystallized portion of graphite is not par-
ticularly limited. Regardless of whether graphite is poly-
crystalline or monocrystalline, a concentration of an im-
purity and condensation of an isotope are essential, and
polycrystalline diamond can have nano-sized crystal
grains as graphite undergoes non-martensitic transfor-
mation. Here, a small amount of an impurity brings about
a favorable effect for preventing excessive growth of
crystal grains and a particle size not greater than 100 nm
can readily be obtained.
[0202] Bulk density of graphite is desirably, for exam-
ple, not lower than 0.8 g/cm3. Preferably, bulk density of
graphite is not lower than 1.4 g/cm3. By setting density
as such, volume change due to compression during a

high-temperature and high-pressure process can be sup-
pressed to be small, and not only temperature control is
facilitated but also yield can be improved.
[0203] An impurity introduced in graphite is exemplified
by nitrogen, hydrogen, oxygen, boron, silicon, such a
transition metal as promoting growth of crystal grains,
and the like. Nitrogen is great in an amount of precipita-
tion at a crystal grain boundary as described previously
and a concentration at the crystal grain boundary is also
normally several hundred ppm in a conventional exam-
ple. Thus, crystal grains tend to slip at the crystal grain
boundary. Hydrogen is stabilized by sp2 bond at the crys-
tal grain boundary, which consequently lowers hardness
of graphite. Since a source material for graphite is coke
or pitch as described previously in a diamond sintered
object fabricated with conventional graphite, hydrogen in
an amount of approximately several hundred ppm is in-
evitably introduced in graphite in spite of treatment for
highly purifying the same. Oxygen is likely to react with
carbon, and in addition, it forms an oxide with boron and
promotes local growth of crystal grains. In addition, ni-
trogen and boron cause slip of crystal grains at the crystal
grain boundary, which interferes with increase in hard-
ness up to essential hardness limit.
[0204] In graphite used for fabricating the nano poly-
crystalline diamond, an amount of an impurity such as
nitrogen, hydrogen, oxygen, boron, silicon, and a transi-
tion metal is 0.01 mass % or lower. Namely, a concen-
tration of an impurity in graphite is approximately not high-
er than a detection limit in SIMS (Secondary Ion Mass
Spectrometry) analysis. In addition, a concentration of a
transition metal in graphite is approximately not higher
than a detection limit in ICP (Inductively Coupled Plasma)
analysis or SIMS analysis.
[0205] Thus, in the case that an amount of an impurity
in graphite is lowered down to a level of the detection
limit in SIMS analysis or ICP analysis and diamond is
made of graphite, diamond having extremely high purity
and high hardness can be fabricated. It is noted that,
even when graphite containing an impurity slightly more
than the detection limit in SIMS analysis or ICP analysis
is employed, diamond having characteristics significantly
better than in a conventional example is obtained.
[0206] A method for manufacturing nano polycrystal-
line diamond in the Reference Example will now be de-
scribed.
[0207] Nano polycrystalline diamond according to the
Reference Example can be fabricated by subjecting
graphite obtained by thermal decomposition of a hydro-
carbon gas of which purity of carbon isotope 12C is not
lower than 99.9 mass % (in the case that a carbon isotope
13C is contained, a concentration of carbon isotope 13C
is not higher than 0.1 mass %) and of which chemical
purity is not lower than 99 mass % to heat treatment in
high-temperature and high-pressure press equipment to
thereby convert graphite to diamond. Namely, nano poly-
crystalline diamond according to the Reference Example
can be fabricated by subjecting carbon in a solid phase
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composed substantially of a high-purity carbon isotope
12C and having an extremely low impurity concentration
to heat treatment in a vacuum atmosphere.
[0208] Graphite above may be fabricated within the
vacuum chamber before fabrication of nano polycrystal-
line diamond, or graphite formed in advance on a base
material or the like may separately be prepared and
stored.
[0209] Graphite can be formed on the base material
by thermal decomposition of a hydrocarbon gas intro-
duced in the vacuum chamber, of which purity of carbon
isotope 12C is not lower than 99.9 mass % and of which
chemical purity is not lower than 99 mass %, at a tem-
perature approximately not lower than 1500°C and not
higher than 3000°C. Here, a degree of vacuum within the
vacuum chamber is desirably set approximately to 20 to
100 Torr. Thus, graphite in a solid phase and integrally
crystalline or polycrystalline can directly be formed on a
base material from hydrocarbon in a vapor phase. In ad-
dition, graphite extremely small in an amount of an im-
purity can be fabricated on the base material. It is noted
that a methane gas is preferably employed as the hydro-
carbon gas.
[0210] In fabricating graphite on the base material, the
base material set in the vacuum chamber is heated to a
temperature not lower than 1500°C. A well known tech-
nique can be adopted as a heating method. For example,
it is possible that a heater capable of directly or indirectly
heating the base material to a temperature not lower than
1500°C is provided in the vacuum chamber.
[0211] Any solid-phase material may be used as the
base material for fabricating graphite, so long as it is a
material capable of withstanding a temperature approx-
imately from 1500°C to 3000°C. Specifically, a metal, an
inorganic ceramic material, and a carbon material can
be used as the base material. From a point of view of
suppressing introduction of an impurity in graphite, the
base material is preferably made of carbon. Diamond or
graphite can be exemplified as a carbon material in a
solid phase. In the case that graphite is used for the base
material, graphite extremely small in an amount of an
impurity, which is fabricated with the technique described
above, can be used for the base material. In the case
that such a carbon material as diamond and graphite is
employed as a material of the base material, at least a
surface of the base material should only be composed
of a carbon material. For example, only a surface of the
base material may be composed of a carbon material
and a remaining portion of the base material may be com-
posed of a material other than the carbon material, or the
entire base material may be composed of the carbon
material.
[0212] In the step of converting graphite to diamond,
graphite is preferably subjected to heat treatment in high-
temperature and high-pressure press equipment without
adding a sintering aid or a catalyst. As conditions for syn-
thesizing diamond, a temperature should only be set ap-
proximately to 1200°C to 2500°C and a pressure should

only be set approximately to 7 GPa to 25 GPa. Preferably,
a synthesis temperature is not lower than 1900°C and a
synthesis pressure is not lower than 12 GPa.
[0213] A uniaxial pressure may be applied or an iso-
tropic pressure may applied, for synthesis of diamond.
From a point of view of achieving the same size of crystal
grains and the same degree of anisotropy of crystals by
application of an isotropic pressure, however, synthesis
at a hydrostatic pressure is preferred.
[0214] Examples will now be described. (Examples
57-106 are Reference Examples not falling within the
scope of the present invention.)

Example 57

[0215] A methane gas of which purity of carbon isotope
12C was 99.9 mass % and of which chemical purity was
99 mass % was blown onto a diamond substrate heated
to 1900°C through porous titanium heated to 600°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 20 to 30 Torr. Then, graphite
deposited on the diamond substrate. Bulk density of
graphite was 2.0 g/cm3.
[0216] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0217] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 1% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 58

[0218] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0219] Graphite above was directly converted to poly-
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crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0220] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 59

[0221] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0222] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0223] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 60

[0224] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0225] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0226] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 61

[0227] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0228] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0229] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
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637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 62

[0230] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0231] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0232] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 63

[0233] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0234] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10

to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0235] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 64

[0236] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0237] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0238] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 65

[0239] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
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was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0240] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0241] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 66

[0242] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0243] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0244] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-

put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 67

[0245] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0246] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0247] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 68

[0248] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0249] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
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crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0250] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 69

[0251] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0252] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0253] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 70

[0254] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,

graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0255] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0256] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 170 GPa.

Example 71

[0257] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0258] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0259] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
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Knoop hardness of 205 GPa.

Example 72

[0260] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0261] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0262] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 73

[0263] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0264] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0265] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with

nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 74

[0266] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0267] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0268] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 205 GPa.

Example 75

[0269] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0270] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
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2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0271] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 205 GPa.

Example 76

[0272] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0273] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0274] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 77

[0275] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0276] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0277] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 198 GPa.

Example 78

[0278] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0279] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0280] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
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637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 79

[0281] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0282] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0283] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 80

[0284] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0285] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10

to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0286] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 81

[0287] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0288] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0289] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 82

[0290] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
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was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0291] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0292] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 83

[0293] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0294] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0295] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-

put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 84

[0296] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0297] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0298] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 160 GPa.

Example 85

[0299] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0300] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
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crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0301] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 86

[0302] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0303] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0304] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 87

[0305] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,

graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0306] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0307] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 88

[0308] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0309] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0310] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
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Knoop hardness of 190 GPa.

Example 89

[0311] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0312] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0313] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 90

[0314] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0315] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0316] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with

nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 91

[0317] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0318] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0319] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 92

[0320] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0321] Graphite above was directly converted to poly-
crystalline diamond under conditions of 2200°C and a
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pressure of 15 GPa. This polycrystalline diamond had a
crystal grain size approximately from 10 to 100 nm. As
a result of SIMS analysis, a content of nitrogen, hydrogen,
oxygen, boron, and silicon in the polycrystalline diamond
was not higher than the detection limit. In addition, in X-
ray diffraction patterns of the polycrystalline diamond
above, no component other than diamond was observed
in polycrystalline diamond.
[0322] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 93

[0323] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0324] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0325] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 94

[0326] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0327] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0328] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 95

[0329] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0330] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0331] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
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637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 96

[0332] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0333] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0334] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 97

[0335] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0336] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10

to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0337] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 150 GPa.

Example 98

[0338] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0339] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0340] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 170 GPa.

Example 99

[0341] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
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was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0342] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0343] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 100

[0344] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0345] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0346] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-

put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 101

[0347] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0348] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2400°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0349] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 102

[0350] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0351] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2500°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
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crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0352] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 200 GPa.

Example 103

[0353] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0354] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2000°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0355] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 210 GPa.

Example 104

[0356] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,

graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0357] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2100°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0358] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 190 GPa.

Example 105

[0359] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1900°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0360] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 16 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0361] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 3% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
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Knoop hardness of 198 GPa.

Example 106

[0362] A methane gas of which purity of carbon isotope
12C was 99.999 mass % and of which chemical purity
was 99.999 mass % was blown onto a diamond substrate
heated to 1500°C through porous titanium heated to
600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 90 to 100 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 1.6 g/cm3.
[0363] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. As a result of SIMS analysis, a content of
nitrogen, hydrogen, oxygen, boron, and silicon in the
polycrystalline diamond was not higher than the detection
limit. In addition, in X-ray diffraction patterns of the poly-
crystalline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0364] This nano polycrystalline diamond was subject-
ed to heat treatment at 900°C by being irradiated with
nitrogen of approximately 1010/cm2 at acceleration en-
ergy of 300 keV. Thereafter, intensity of fluorescence at
637 nm from an NV-center produced in that process was
measured. Consequently, when laser of 532 nm was
emitted as excitation light under irradiation with micro-
waves having a frequency of 2.87 GHz, 5 turns, and out-
put of 0.5 W from an annular coil having a diameter of
0.5 cm, variation in intensity of fluorescence of 4% at the
maximum, depending on presence/absence of magnetic
field, was observed. This polycrystalline diamond had
Knoop hardness of 180 GPa.
[0365] In Examples above, it could be confirmed that,
by subjecting graphite which was fabricated by thermal
decomposition of a hydrocarbon gas of which purity of
carbon isotope 12C was not lower than 99.9 mass % and
of which chemical purity was not lower than 99 mass %
and had a solid phase, bulk density approximately from
1.6 g/cm3 to 2.0 g/cm3, and extremely high purity to heat
treatment at a temperature approximately from 2000°C
to 2500°C and at a pressure approximately from 15 to
16 GPa, nano polycrystalline diamond which could be
made use of for magnetic sensing and had Knoop hard-
ness approximately from 150 GPa to 205 GPa and high
purity could be fabricated. It is considered, however, that
nano polycrystalline diamond having comparable char-
acteristics could be fabricated within the scope described
in Scope of Claims for Patent of the present application
even though conditions are out of the range above.
[0366] A Reference Example will be described herein-
after with reference to Fig. 5.
[0367] Nano polycrystalline diamond in the Reference
Example is composed substantially of any carbon isotope
of 12C and 13C and has an extremely small amount of an
impurity. Though nano polycrystalline diamond typically

contains a plurality of inevitable impurities, in nano poly-
crystalline diamond in the Reference Example, a con-
centration of each impurity is not higher than 0.01 mass
%.
[0368] As shown in Fig. 5, nano polycrystalline dia-
mond 1 is formed on base material 2. Nano polycrystal-
line diamond 1 can be fabricated by subjecting graphite
10 composed substantially of any carbon isotope of 12C
and 13C and formed on base material 2 to heat treatment.
[0369] Since nano polycrystalline diamond 1 is com-
posed substantially of any carbon isotope of 12C and 13C,
scattering of phonons can effectively be suppressed and
thermal conductivity can be improved.
[0370] Graphite 10 is integral solid carbon and contains
a crystallized portion. In an example in Fig. 5, though
polycrystalline diamond 1 and graphite 10 have a shape
like a flat plate, it is possible that they have any shape
and thickness. In the case that graphite 10 formed on
base material 2 is subjected to heat treatment to fabricate
nano polycrystalline diamond 1, nano polycrystalline dia-
mond 1 and graphite basically have the same shape.
[0371] Bulk density of graphite is desirably, for exam-
ple, not lower than 0.8 g/cm3. Preferably, bulk density of
graphite is not lower than 1.4 g/cm3. By setting density
as such, volume change due to compression during a
high-temperature and high-pressure process can be sup-
pressed to be small, and not only temperature control is
facilitated but also yield can be improved.
[0372] An impurity introduced in graphite is exemplified
by nitrogen, hydrogen, oxygen, boron, silicon, such a
transition metal as promoting growth of crystal grains,
and the like. Nitrogen is great in an amount of precipita-
tion at a crystal grain boundary and a concentration at
the crystal grain boundary is also normally several hun-
dred ppm in a conventional example. Thus, crystal grains
tend to slip at the crystal grain boundary. Hydrogen is
stabilized by sp2 bond at the crystal grain boundary,
which consequently lowers hardness of graphite. Since
a source material for graphite is coke or pitch as de-
scribed above in a diamond sintered object fabricated
with conventional graphite, hydrogen in an amount of ap-
proximately several hundred ppm is inevitably introduced
in graphite in spite of treatment for highly purifying the
same. Oxygen is likely to react with carbon, and in addi-
tion, it forms an oxide with boron and promotes local
growth of crystal grains. In addition, nitrogen and boron
cause slip of crystal grains at the crystal grain boundary,
which interferes with increase in hardness up to essential
hardness limit.
[0373] In graphite used for fabricating nano polycrys-
talline diamond in the Reference Example, an amount of
an impurity such as nitrogen, hydrogen, oxygen, boron,
silicon, and a transition metal is 0.01 mass % or lower.
Namely, a concentration of an impurity in graphite is ap-
proximately not higher than a detection limit in SIMS
(Secondary Ion Mass Spectrometry) analysis. In addi-
tion, a concentration of a transition metal in graphite is
approximately not higher than a detection limit in ICP
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(Inductively Coupled Plasma) analysis or SIMS analysis.
[0374] Thus, in the case that an amount of an impurity
in graphite is lowered down to a level of the detection
limit in SIMS analysis or ICP analysis and diamond is
made of this graphite, diamond having extremely high
purity and high hardness can be fabricated. It is noted
that, even when graphite containing an impurity slightly
more than the detection limit in SIMS analysis or ICP
analysis is employed, diamond having characteristics
significantly better than in a conventional example is ob-
tained.
[0375] In nano polycrystalline diamond in the Refer-
ence Example, a concentration of an impurity is extreme-
ly low in its entirety, segregation of an impurity as in the
conventional example is not observed, and a concentra-
tion of an impurity in any portion is also extremely low.
Therefore, a concentration of an impurity at a crystal grain
boundary of nano polycrystalline diamond is also approx-
imately not higher than 0.01 mass %. Since a concen-
tration of an impurity at the crystal grain boundary of dia-
mond is thus extremely low, scattering of phonons at the
crystal grain boundary can effectively be suppressed.
Moreover, since a concentration of an impurity at the
crystal grain boundary of diamond is extremely low, crys-
tal grains of diamond are bonded in a state close to single
crystal, and a speed of movement forward of phonons
can be close to that in single-crystal diamond, as com-
pared with conventional polycrystalline diamond.
[0376] In the case that nano polycrystalline diamond
in the Reference Example contains, for example, hydro-
gen, oxygen, nitrogen, silicon, and boron as an impurity,
in the nano polycrystalline diamond, a concentration of
hydrogen is approximately not higher than 231018/cm3,
a concentration of oxygen is approximately not higher
than 231017/cm3, a concentration of nitrogen is approx-
imately not higher than 431016/cm3, a concentration of
silicon is approximately not higher than 131016/cm3, and
a concentration of boron is approximately not higher than
231015/cm3. Preferably, in the nano polycrystalline dia-
mond, a concentration of hydrogen is approximately not
higher than 531017/cm3, a concentration of oxygen is
approximately not higher than 131017/cm3, a concentra-
tion of nitrogen is approximately not higher than
131016/cm3, a concentration of silicon is approximately
not higher than 531015/cm3, and a concentration of bo-
ron is approximately not higher than 731014/cm3.
[0377] In nano polycrystalline diamond in the Refer-
ence Example, since a concentration of an impurity at
the crystal grain boundary is extremely low, slip of crystal
grains at the crystal grain boundary can also be sup-
pressed. Consequently, bond between crystal grains can
also be strengthened, as compared with polycrystalline
diamond fabricated with the conventional CVD method,
which can also contribute to good movement forward of
phonons. Moreover, polycrystalline diamond can also
have Knoop hardness as high as approximately 140 GPa
or higher.
[0378] Furthermore, abnormal growth of crystal grains

during synthesis of diamond can also effectively be sup-
pressed and variation in size of crystal grains can also
be lessened. Specifically, a crystal grain size (a maxi-
mum length) of nano polycrystalline diamond in the Ref-
erence Example is not greater than 500 nm. More spe-
cifically, a crystal grain size (a maximum length) of nano
polycrystalline diamond is approximately from 10 to 100
nm.
[0379] A method for manufacturing nano polycrystal-
line diamond in the Reference Example will now be de-
scribed.
[0380] Nano polycrystalline diamond according to the
Reference Example can be fabricated by subjecting
graphite obtained by thermal decomposition of a hydro-
carbon gas of which purity of carbon isotope 12C or 13C
is not lower than 99.9 mass % to heat treatment in high-
pressure press equipment to thereby convert graphite to
diamond. Namely, nano polycrystalline diamond can be
fabricated by subjecting carbon in a solid phase com-
posed substantially of any carbon isotope of 12C and 13C
and having an extremely low impurity concentration to
heat treatment in a vacuum atmosphere.
[0381] Graphite above may be fabricated within the
vacuum chamber before fabrication of nano polycrystal-
line diamond, or graphite formed in advance on a base
material or the like may separately be prepared and
stored.
[0382] Graphite can be formed on the base material
by thermal decomposition of a hydrocarbon gas intro-
duced in the vacuum chamber, of which purity of carbon
isotope 12C or 13C is not lower than 99.9 mass %, at a
temperature approximately not lower than 1500°C and
not higher than 3000°C. Here, a degree of vacuum within
the vacuum chamber is desirably set approximately to
20 to 150 Torr. Thus, graphite in a solid phase and inte-
grally crystalline or polycrystalline can directly be formed
on a base material from hydrocarbon in a vapor phase.
In addition, graphite extremely small in an amount of an
impurity can be fabricated on the base material. It is noted
that a methane gas is preferably employed as the hydro-
carbon gas.
[0383] In fabricating graphite on the base material, the
base material set in the vacuum chamber is heated to a
temperature not lower than 1500°C. A well known tech-
nique can be adopted as a heating method. For example,
it is possible that a heater capable of directly or indirectly
heating the base material to a temperature not lower than
1500°C is provided in the vacuum chamber.
[0384] Any solid-phase material may be used as the
base material for fabricating graphite, so long as it is a
material capable of withstanding a temperature approx-
imately from 1500°C to 3000°C. Specifically, a metal, an
inorganic ceramic material, and a carbon material can
be used as the base material. From a point of view of
suppressing introduction of an impurity in graphite, the
base material is preferably made of carbon. Diamond or
graphite can be exemplified as a carbon material in a
solid phase. In the case that graphite is used for the base

69 70 



EP 2 738 139 B1

37

5

10

15

20

25

30

35

40

45

50

55

material, graphite extremely small in an amount of an
impurity, which is fabricated with the technique described
above, can be used for the base material. In the case
that such a carbon material as diamond and graphite is
employed as a material of the base material, at least a
surface of the base material should only be composed
of a carbon material. For example, only a surface of the
base material may be composed of a carbon material
and a remaining portion of the base material may be com-
posed of a material other than the carbon material, or the
entire base material may be composed of the carbon
material.
[0385] In the step of converting graphite to diamond,
graphite is preferably subjected to heat treatment in high-
pressure press equipment without adding a sintering aid
or a catalyst. As conditions for synthesizing diamond, a
temperature should only be set approximately to 1200°C
to 2500°C and a pressure should only be set approxi-
mately to 7 GPa to 25 GPa. Preferably, a synthesis tem-
perature is not lower than 1900°C and a synthesis pres-
sure is not lower than 12 GPa.
[0386] A uniaxial pressure may be applied or an iso-
tropic pressure may applied, for synthesis of diamond.
From a point of view of achieving the same size of crystal
grains and the same degree of anisotropy of crystals by
application of an isotropic pressure, however, synthesis
at a hydrostatic pressure is preferred.
[0387] Examples will now be described (Examples
107-120 are Reference Examples not falling within the
scope of the present invention).

Example 107

[0388] A methane gas in which 12C was increased to
99.999% was blown onto a diamond substrate heated to
1900°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0389] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0390] Thermal conductivity of this nano polycrystal-
line diamond was examined through measurement of
thermal diffusivity, and then it was 1.17 times (265 W/mK)
as high as that of natural carbon having an equivalent
particle size. In addition, Knoop hardness thereof was
130 GPa.

Example 108

[0391] A methane gas in which 13C was increased to
99.999% was blown onto a diamond substrate heated to
1900°C in a vacuum chamber. Here, a degree of vacuum

in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the diamond substrate. Bulk den-
sity of graphite was 2.0 g/cm3.
[0392] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2200°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond.
[0393] Thermal conductivity of this nano polycrystal-
line diamond was approximately 1.2 times (271 W/mK)
as high as that of natural carbon having an equivalent
particle size. In addition, Knoop hardness thereof was
140 GPa.

Example 109

[0394] A methane gas of which purity of 12C was 99.9%
was blown onto a Ta substrate heated to 1900°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 20 to 30 Torr. Then, graphite
deposited on the substrate. Bulk density of graphite was
2.0 g/cm3.
[0395] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 150
GPa.

Example 110

[0396] A methane gas of which purity of 12C was
99.999% was blown onto a Ta substrate heated to
1900°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the substrate. Bulk density of
graphite was 2.0 g/cm3.
[0397] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 190
GPa.

Example 111

[0398] A methane gas of which purity of 12C was 99.9%
was blown onto a Ta substrate heated to 1600°C in a
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vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 20 to 30 Torr. Then, graphite
deposited on the substrate. Bulk density of graphite was
1.4 g/cm3.
[0399] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 150
GPa.

Example 112

[0400] A methane gas of which purity of 12C was
99.999% was blown onto a Ta substrate heated to
1600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the substrate. Bulk density of
graphite was 1.4 g/cm3.
[0401] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 250
W/mK. In addition, Knoop hardness thereof was 190
GPa.

Example 113

[0402] A methane gas of which purity of 12C was 99.9%
was blown onto a Ta substrate heated to 1700°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 100 to 150 Torr. Then, graphite
deposited on the substrate. Bulk density of graphite was
1.8 g/cm3.
[0403] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 160
GPa.

Example 114

[0404] A methane gas of which purity of 12C was
99.999% was blown onto a Ta substrate heated to
1700°C in a vacuum chamber. Here, a degree of vacuum

in the vacuum chamber was set to 100 to 150 Torr. Then,
graphite deposited on the substrate. Bulk density of
graphite was 1.8 g/cm3.
[0405] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 220
W/mK. In addition, Knoop hardness thereof was 185
GPa.

Example 115

[0406] A methane gas of which purity of 13C was 99.9%
was blown onto a Ta substrate heated to 1900°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 20 to 30 Torr. Then, graphite
deposited on the substrate. Bulk density of graphite was
2.0 g/cm3.
[0407] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 250
W/mK. In addition, Knoop hardness thereof was 150
GPa.

Example 116

[0408] A methane gas of which purity of 13C was
99.999% was blown onto a Ta substrate heated to
1900°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the substrate. Bulk density of
graphite was 2.0 g/cm3.
[0409] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 190
GPa.

Example 117

[0410] A methane gas of which purity of 13C was 99.9%
was blown onto a Ta substrate heated to 1600°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 20 to 30 Torr. Then, graphite
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deposited on the substrate. Bulk density of graphite was
1.4 g/cm3.
[0411] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 300
W/mK. In addition, Knoop hardness thereof was 150
GPa.

Example 118

[0412] A methane gas of which purity of 13C was
99.999% was blown onto a Ta substrate heated to
1600°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 20 to 30 Torr. Then,
graphite deposited on the substrate. Bulk density of
graphite was 1.4 g/cm3.
[0413] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 230
W/mK. In addition, Knoop hardness thereof was 190
GPa.

Example 119

[0414] A methane gas of which purity of 13C was 99.9%
was blown onto a Ta substrate heated to 1700°C in a
vacuum chamber. Here, a degree of vacuum in the vac-
uum chamber was set to 100 to 150 Torr. Then, graphite
deposited on the substrate. Bulk density of graphite was
1.8 g/cm3.
[0415] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 300
W/mK. In addition, Knoop hardness thereof was 160
GPa.

Example 120

[0416] A methane gas of which purity of 13C was
99.999% was blown onto a Ta substrate heated to
1700°C in a vacuum chamber. Here, a degree of vacuum
in the vacuum chamber was set to 100 to 150 Torr. Then,
graphite deposited on the substrate. Bulk density of

graphite was 1.8 g/cm3.
[0417] Graphite above was directly converted to poly-
crystalline diamond under conditions of a temperature of
2300°C and a pressure of 15 GPa. This polycrystalline
diamond had a crystal grain size approximately from 10
to 100 nm. In X-ray diffraction patterns of the polycrys-
talline diamond above, no component other than dia-
mond was observed in polycrystalline diamond. Thermal
conductivity of this nano polycrystalline diamond was 200
W/mK. In addition, Knoop hardness thereof was 185
GPa.
[0418] In Examples above, it could be confirmed that,
by subjecting graphite which was fabricated by thermal
decomposition of a hydrocarbon gas of which purity of
12C or 13C was not lower than 99.9% and had a solid
phase, bulk density approximately from 1.4 g/cm3 to 2.0
g/cm3, and extremely high purity to heat treatment at a
temperature approximately from 2200°C to 2300°C and
at a pressure around 15 GPa, nano polycrystalline dia-
mond having Knoop hardness approximately from 130
GPa to 190 GPa, excellent thermal conductivity, and high
purity could be fabricated. It is considered, however, that
nano polycrystalline diamond having comparable char-
acteristics could be fabricated even though conditions
are out of the range above.
[0419] Though the embodiments and the examples of
the present invention have been described above, the
embodiments and the examples described above can
also variously be modified according to the invention as
claimed.

Claims

1. Polycrystalline diamond, comprising:

carbon,
the polycrystalline diamond having a concentra-
tion of each of hydrogen, oxygen, nitrogen, sili-
con, and boron not higher than 0.01 mass % and
a crystal grain size not greater than 500 nm, hav-
ing Knoop hardness not lower than 150 GPa,
and fabricated by sintering graphite having a
concentration of impurities of 0.01 mass% or
less obtained by thermal decomposition of hy-
drocarbon having purity not lower than 99.99%,
at a temperature not lower than 1500°C, wherein
said graphite is sintered at a temperature of from
1200 °C to 2500 °C under a pressure of from 7
GPa to 25 GPa, without adding a sintering aid
or a catalyst.

2. The polycrystalline diamond according to claim 1,
wherein
the concentration of each of hydrogen, oxygen, ni-
trogen, silicon, and boron at a crystal grain boundary
of said polycrystalline diamond is not higher than
0.01 mass %.
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3. The polycrystalline diamond according to claim 1 or
claim 2, wherein
the concentration of said hydrogen is not higher than
231018/cm3,
the concentration of said oxygen is not higher than
231017/cm3,
the concentration of said nitrogen is not higher than
431016/cm3,
the concentration of said silicon is not higher than
131016/cm3, and
the concentration of said boron is not higher than
231015/cm3.

4. A method for manufacturing polycrystalline dia-
mond, comprising the steps of:

preparing graphite having a concentration of im-
purities of 0.01 mass% or less in which a con-
centration of each of hydrogen, oxygen, nitro-
gen, silicon, and boron is not higher than 0.01
mass %; and
converting said graphite to diamond by applying
a temperature of from 1200 °C to 2500 °C under
a pressure of from 7 GPa to 25 GPa, without
adding a sintering aid or a catalyst to said graph-
ite, wherein
said step of preparing graphite includes the step
of forming graphite on a base material by ther-
mal decomposition of a hydrocarbon gas having
purity not lower than 99.99% and introduced in
a vacuum chamber, at a temperature not lower
than 1500°C.

5. The method for manufacturing polycrystalline dia-
mond according to claim 4, wherein
in said step of converting said graphite to diamond,
said graphite formed on said base material is sub-
jected to heat treatment at 1500°C or higher.

6. The method for manufacturing polycrystalline dia-
mond according to claim 4 or claim 5, wherein said
graphite has:

a concentration of said hydrogen not higher than
231018/cm3,
a concentration of said oxygen not higher than
231017/cm3,
a concentration of said nitrogen not higher than
431016/cm3,
a concentration of said silicon not higher than
131016/cm3, and
a concentration of said boron not higher than
231015/cm3.

Patentansprüche

1. Polykristalliner Diamant, umfassend:

Kohlenstoff,
wobei der polykristalline Kristall eine Konzent-
ration von Wasserstoff, Sauerstoff, Stickstoff,
Silizium und Bor von jeweils nicht höher als 0,01
Massen-% und eine Kristallkorngröße nicht grö-
ßer als 500 nm aufweist, eine Knopp-Härte von
nicht weniger als 150 GPa aufweist, und herge-
stellt wird durch Sintern von Graphit, der eine
Verunreinigungskonzentration von 0,01 Mas-
sen-% oder weniger aufweist und durch thermi-
sche Zersetzung von Kohlenwasserstoff mit ei-
ner Reinheit von nicht weniger als 99,99%, bei
einer Temperatur von nicht weniger als 1500 °C
erhalten wird, wobei besagter Graphit bei einer
Temperatur von 1200 °C bis 2500 °C unter ei-
nem Druck von 7 GPa bis 25 GPa, ohne Zugabe
eines Sinterhilfsmittels oder eines Katalysators
gesintert wird.

2. Polykristalliner Diamant gemäß Anspruch 1, wobei
die Konzentration von Wasserstoff, Sauerstoff,
Stickstoff, Silizium und Bor an einer Kristallkorngren-
ze besagten polykristallinen Kristalls jeweils nicht
höher als 0,01 Massen-% ist.

3. Polykristalliner Diamant gemäß Anspruch 1 oder An-
spruch 2, wobei

die Konzentration besagten Wasserstoffs nicht
höher als 2 x 1018/cm3 ist,
die Konzentration besagten Sauerstoffs nicht
höher als 2 x 1017/cm3 ist,
die Konzentration besagten Stickstoffs nicht hö-
her als 4 x 1016/cm3 ist,
die Konzentration besagten Siliziums nicht hö-
her als 1 x 1016/cm3 ist, und
die Konzentration besagten Bors nicht höher als
2 x 1015/cm3 ist.

4. Verfahren zur Herstellung polykristallinen Diamants,
umfassend die Schritte:

Herstellen von Graphit mit einer Verunreini-
gungskonzentration von 0,01 Massen-% oder
weniger, wobei die Konzentration von Wasser-
stoff, Sauerstoff, Stickstoff, Silizium und Bor je-
weils nicht höher als 0,01 Massen-% ist; und
Umwandeln besagten Graphits zu Diamant
durch Anlegen einer Temperatur von 1200 °C
bis 2500 °C unter einem Druck von 7 GPa bis
25 GPa, ohne Zugabe eines Sinterhilfsmittels
oder eines Katalysators zu besagtem Graphit,
wobei
besagter Schritt des Herstellens von Graphit
den Schritt des Bildens von Graphit auf einem
Basismaterial durch thermische Zersetzung ei-
nes Kohlenwasserstoffgases mit einer Reinheit
von nicht weniger als 99,99%, das in eine Va-
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kuumkammer eingebracht wird, bei einer Tem-
peratur von nicht weniger als 1500 °C beinhaltet.

5. Verfahren zur Herstellung polykristallinen Diamants
gemäß Anspruch 4, wobei
in besagtem Schritt des Umwandelns besagten Gra-
phits zu Diamant, besagter Graphit, gebildet auf be-
sagtem Basismaterial, einer Wärmebehandlung bei
1500 °C oder höher unterzogen wird.

6. Verfahren zur Herstellung polykristallinen Diamants
gemäß Anspruch 4 oder Anspruch 5, wobei besagter
Graphit:

eine Konzentration besagten Wasserstoffs von
nicht höher als 2 x 1018/cm3,
eine Konzentration besagten Sauerstoffs von
nicht höher als 2 x 1017/cm3,
eine Konzentration besagten Stickstoffs von
nicht höher als 4 x 1016/cm3,
eine Konzentration besagten Siliziums von nicht
höher als 1 x 1016/cm3, und
eine Konzentration besagten Bors von nicht hö-
her als 2 x 1015/cm3 aufweist.

Revendications

1. Diamant polycristallin, comprenant :

du carbone,
le diamant polycristallin ayant une concentration
de chacun d’hydrogène, oxygène, azote, sili-
cium, et bore d’au plus 0,01 % en masse et une
taille de grain de cristal d’au plus 500 nm, ayant
une dureté Knoop d’au moins 150 GPa, et fa-
briqué par frittage de graphite ayant une con-
centration d’impuretés inférieure ou égale à 0,01
% en masse obtenu par décomposition thermi-
que d’hydrocarbure ayant une pureté d’au
moins 99,99 %, à une température d’au moins
1 500°C, dans lequel ledit graphite est fritté à
une température de 1 200°C à 2 500°C sous
une pression de 7 GPa à 25 GPa, sans l’addition
d’un auxiliaire de frittage ou d’un catalyseur.

2. Diamant polycristallin selon la revendication 1, dans
lequel
la concentration de chacun d’hydrogène, oxygène,
azote, silicium, et bore à une frontière de grain de
cristal dudit diamant polycristallin est d’au plus 0,01
% en masse.

3. Diamant polycristallin selon la revendication 1 ou la
revendication 2, dans lequel
la concentration dudit hydrogène est d’au plus 2 x
1018/cm3,
la concentration dudit oxygène est d’au plus 2 x

1017/cm3,
la concentration dudit azote est d’au plus 4 x
1016/cm3,
la concentration dudit silicium est d’au plus 1 x
1016/cm3, et
la concentration dudit bore est d’au plus 2 x
1015/cm3.

4. Procédé de fabrication de diamant polycristallin,
comprenant les étapes de :

préparation de graphite ayant une concentration
d’impuretés de 0,01 % en masse ou inférieure
dans lequel une concentration de chacun d’hy-
drogène, oxygène, azote, silicium, et bore est
d’au plus 0,01 % en masse ; et
conversion dudit graphite en diamant par appli-
cation d’une température de 1 200°C à 2 500°C
sous une pression de 7 GPa à 25 GPa, sans
l’addition d’un auxiliaire de frittage ou d’un ca-
talyseur audit graphite, dans lequel
ladite étape de préparation de graphite inclut
l’étape de formation de graphite sur un matériau
de base par décomposition thermique d’un gaz
hydrocarboné ayant une pureté d’au moins
99,99 % et introduit dans une chambre à vide,
à une température d’au moins 1 500°C.

5. Procédé de fabrication de diamant polycristallin se-
lon la revendication 4, dans lequel
dans ladite étape de conversion dudit graphite en
diamant, ledit graphite formé sur ledit matériau de
base est soumis à un traitement thermique à 1 500°C
ou plus.

6. Procédé de fabrication de diamant polycristallin se-
lon la revendication 4 ou la revendication 5, dans
lequel ledit graphite présente :

une concentration dudit hydrogène d’au plus 2
x 1018/cm3,
une concentration dudit oxygène d’au plus 2 x
1017/cm3,
une concentration dudit azote d’au plus 4 x
1016/cm3,
une concentration dudit silicium d’au plus 1 x
1016/cm3, et
une concentration dudit bore d’au plus 2 x
1015/cm3.
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