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~ ARTICLES WITH DIAMOND COATING FORMED THEREON BY VAPORPHASE
SYNTHESIS

The objective of the present invention is to produce a material with a
tenaciously adherent diamond coating made by forming a diamond coating on a
base material by vapor-phase synthesis without causing any warp of the coating.
The diamond coating layer is formed on the surface of a base material having a
number of cavities formed by electric discharge or laser beams, and the cavity is
a pore having a depth of 0.0001-0.2 mm and a diameter of 0.001-0.2 mm. The
pores may be connected to oné another to form a groove. Suitable examples of
the base material include molybdenum, tungsten, - silicon, tungsten carbide,
silicon carbide, silicon nitride, and cemented carbide mainly comprising tungsten
carbide and cobalt and/ or nickel.

BACKGROUND AND OBJECTIVES

The present invention relates to a base material covered with diamond

coating and the manufacturing'process thereof which is used for cutting tool

such as cutting chip, drill, and end_mill, whetstone tool, and wear resistant
abrasion tool. Particularly, it relates to a diamond coated material and the
manufacturing process thereof which has no warp and flat shape and tenacious

adherence with a base material by dispersedly reducing internal '
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.The di anond coating |layer is formed on the surface of a base materi al
havi ng a nunber of cavities formed by electric discharge | aser beans,
-and the cavity is a pore having a depth of 0.0001-0.2 nm WS%H@E?WSQBEQJ
0.001-0.2 nm The pores may be connected to one another |t_‘o formmﬁove.
Sui t abl e exanpl es of the base material include nolybdenu '
Silicon, tungsten carbide, silicon carlide, silicon nitride, and cenented
carbi de mainly- conprising tungstéen carbide and cobalt and/ or nickel.
BACKGROUND AND OBJECTI VES . The present invention relates to a base
mat eri al  cgaeRs VgiNatdd i tREMENGIRPEd g Hing 16rmiiRGUT act uring process t hereof
whi ch may be useg for cutting tool suCh as cutting chip, drill, and end
mll, whetstone tool, and wear resistant abrasion tool. Particularly, it f
relates to a di QLayp 0. nddvald @_ | f r t her eo
whi ch has no warp aﬁaﬁffga?ﬂeshaperdg?\'{cf"?gﬁaglggﬁ agégggz@ée%#hggﬁﬁgg’e
mat eri al developpent eaf| diamesdc coatingntanisifbrmed by vapor-phase synthesis has

been actively proceeded, wherein the diamond has been coated on a base

material for tool such as cutting chip, drill, and end mill. In the case of directiy
coating the diamond on a base material for tool by vapor-phase synthesis, the
diamond coating may pee! off from the base material depending on the method

. due to the stress resulting from thermal expansion coefficient difference between
the material of the base material and diamond, that is, the residual stress caused
by temperature difference of during coating of the diamond on the base material
from during cooling after coating, and therefore, it is difficult for practical use.
On the other hand, the diamond has been coated in advance on a specific base
material by vapor-phase synthesis, and then the base material covered with
diamond coating obtained has been soldered with tool in such a manner as
directly attaching with the base material and tool, or the base material has been
removed by polishing after soldering with tool in such a manner as directly
attaching with the diamond surface and tool, or the diamond coating alone has _
been soldered with tool after peeling the diambnd coating from the diamond

"coated base material. In these methods, the thicker the thickness of the
diamond coating is, the more residual stress increases, and in case of a thin base
material, the base material covered with the diamond coatirig warps. Once warp
occurs, troublesome increases which is that the longer polishing time is required
to polish the coating surface or the
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.-2- . stress originated in the dianond coating during for
According to the devel opnent of vapor-phase synthesis of THSDSFHEET HAS BEEN
devel opnent of dianond coating tools-formed by vapor-phaie synhh \C%‘hgg
been actively proceeded, wherein the dianond has been co

material for tool such as cutting chip, drill, and end mll. In the case o
directly coating the dianond on a basegmateri aI for tool by vapor-phase
synthesis, the dianond coating may peel off fromthe base materi al

dependi ng -on the method due ‘t:o the stress resulting fromthermal expansion

coef fici enfiaflbdd ‘éﬁﬁﬂfdaisbégsW%PaékQﬂ during soldering with tool. For example, laid-
open Japanese patent Hei 1-167211, Hei 3-197677, and Hei 4-99278 disclose
- that the coating is formed at plural step for the purpose of improving tenacious
adherence during forming the diamond coating on the base material, and the thus
precipitated coating has multilayered structure. Moreover, laid-open Japanese
patent Hei 5-306195 discloses the prevention of warp of the coating dufing
forming the diamond coating.

Laid-open Japanese patent Hei 1-167211 disclose a diamond-like carbon
coating and the synthesis thereof having small coating stress and smooth
surface flatness comprising diamond like carbon layer including high content of
amorphous carbon and that including low conteﬁt of amorphous carbon. The
objective of that invention is to obtain a diamond like carbon layer having flat
surface and high light transmissivity for coating of lens or window and protecting
film of magnetic disk, and it produces a coating of diamond like carbon formed
by alternate precipitation of diamond like carbon |ayér including high content of
amorphous carbon and that including low content of amorphous carbon
periodically changing temperature of the base material, electromagnetic wave

_energy such as microwave and high frequency, concentration of carbon source,
and reaction pressure. However, the objective of that invention is to obtain a
diamond like carbon layer having flat surface and high light transmissivity, and in

order to obtain the coating having smooth surface flatness without
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.materi al

caused by tenperature difference of during coating of the mmmrgﬂ@m HASeBEEN
fromduring cooling after coating, and thereflore, ﬁ LrACC
difficult for practical use. On the other hand, the di anond—has rEPaf ed
I n-advance on a specific base material by vapor-phase synt hesi s, and then
material covered with di am)nci coating obtai ned has been sol dered
in such a manner as directly attachl ng with the base materi al
the base material has been rem)ved by polishing after sol der| ng
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diereachars ayer fnEFingoh Zafent of adhoreoia efvar. sadannata e

to polish feristansa: wh&hs'aﬂhaebjesvvq ﬂfethe present invention.

Laid-open Japanese patent Hei-3-197677 discloses a diamond coated tool
and the manufacturing process thereof which has multilayers of diamond coating
coated on the base material such as _cemented carbide, cermet, silicon nitride
sintering, or aluminum qxide sintering, in which impurity composition of the first
layer is higher than that of the second layer and grain size of diamond of the first
layer is smaller than that of the second I_ayer. In that invention the coating
should be formed in the separated process, respectively, in which the coating of

the first layer is formed by filament CVD, and then the coating of the second

_layer is formed by plasma CVD. Therefore, it is lacking in the productivity and it

has possibility of the deposition of impurity such as particles of dust on the
coating surface after forming the first layer which produces defects in the

second layer.

Laid-open Japanese patent Hei 4-99278 discloses a diamond coated tool
part having multilayered diamond coating layer having a thickness of 0.5-200um
formed on a hard material, which has not less ‘than one layer of the diamond
coating including carbon component except for diamond and not less than one
layer without it, respectlvely That invention mtends to relax the impact given

on the whole coating layer and to have
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.~3- -di anond coat i ng Is easily cracked duri ng sol dering with tool.
ai d- open'Japanese patent Hei 1-167211, Hei 3-1 mmgs E'FIHA@%@
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carbon. The

which is the same component as diamond between diamond layer excluding
carbon component except for diamond and the base material. However, it has a
problem that the coating is easy to peel off, since stress originated in the coating
increases as the thickness of the coating increases.

Laid-open Japanése patent Hei 5-306195 ‘discloses a manufacturing
process of CVD diamond thin coating having internal tensile stress released and
flatness by forming the surface of the base material on which diamond coating

precipitates into a convex shape having curvature radius, which compensates

“internal tensile stress supposed to be originated in the diamond thin coating

obtained removing from the base material, and warping the thin coating removed
from the base material in the opposite direction of the curvature of the base
material. That invention is characterized to previously foresee the degree of
warp of the coating caused by internal stress in the coating during precipitation
of the diamond coating on the base material and to previously form the base

material into a convex shape for compensating warp of the coating so that a flat

_ coating could be obtained after releasing internal stress by removing the coating

from the base material. However, it is lacking in practical use, since the forming
condition of the diamond coating should precisely be controlled due to the shape
of the convex base material for the reason that the internal stress originated in
the coating is varied depending on forming equipment of it and the forming
condition, for example, the greater the forming velocity of the coating, the

greater the internal stress originated in the coating.
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- objective of that invention is to obtain a dianond |ike carbon | ayer having
flat surface and high light transmssivity for coating of feRs—er—w-Reew—
and protecting filmof nagnetic disk, and it produces a coatfl@SHETHASBREN
1ike carbon forned by alternate precipitation of dianond Ifi ke cRBEBoACHEDayer

i ncl udi ng hi'gh content of anorphous carbon and that including I ow content
.0f “anor phous carbon periodically changing tenperature of the base material, .
el ectromagneti c wave energy such-as microwave and hi gh frequency,
concentration of carbon source, and refieti on pressure. However, the

obj ective of that invention is to obtain a dianond |ike carbon |ayer having
flat surface and high light transmssivity, and in order to obtain the

coating havi ng snoot h surf aSUMMARYcOF THE INVENTION
- 4-

The objective of the present invention is to produce a tenaciously
adherent diamond coated material in which diamond coating is formed by vapor-

phase synthesis on a base material wthout causing any warp of the coating.

The diamond coated material of the present invention has a diamond
coating layer formed by vapor-phase synthesis on a surface of a base material
having a number of cavities.

The cavities are preferably formed by electric discharge or laser beam
irradiation and preferably is a pore having a depth of 0.0001-0.2 mm, especialiy
0.01-0.15 mm and a diameter of 0.001-0.2 mm, especially, not more than 0.01-

0.1 mrh.

Moreover, the pores are preferably connected to one another to form a

groove.

The base material is preferably any one of molybdenum, tungsten, silicon,
tungsten carbide, silicon carbide, silicon nitride, and cemented carbide mainly
comprising tungsten carbide and cobalt and/or nickel.

In the preéent invenfion, it has been possible to obtain a diamond coated

- material having tenacious adhesion with a base material caused by anchoring

effect produced by forming a diamond coating by vapor-phase synthesis on a

base material having a number of cavities formed by electric discharge or laser
beam irradiation.
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.surface polishing such as |apping after form ng coating, the uppernost
surface layer should have snooth surface flatness and ha qupgppaqug%&

di anond |i ke carbon | ayer including high content of anorphous BEPLRﬁE
therefore, it is not suitably used as hard coating |ayer o« Q

I nsufficient wear resistance, which is the objective of the present
fnvention. Lai d- open Japanese patent Hei-3-197677 di scloses a

di anond coated. tool and the manufacturing process thereof which has

mul tilayers of dianond coating coated-@n the base material such as cenented
carbide, cernet, silicon nitride sintering, -or alum numoxide sintering, in
which inpurity conposition of the first layer is higher than that of the
second | ayer and grain siBRIEPEXPLANATIONOF THE FIGURES ayer is snaller than
that of the second layer. In that invention the coating should be fornmed in
the separated process, respectively, in which the coating of the first
layer is fﬁgafedl f8Ya bhitamesr pdivs, ar?dwaea fag&.gfzeg wineh aRgillaétrated oncs pask | ayer

is formed pl asma” CVD. Therefore, acking in the productivity and
it has p09§ﬂ%#$bty of the dep03|t|on of i mpurity such as particles of dust

on the coating surface after formng the first |ayer which produces defects
in the

Figure 2 is a pattern of circles arranged as zigzag which are illustrated on a base
-material;

Figure 3 is a pattern of rectangular lattices which are illustrated on a base

material;
and Figure 4 is a patent of honeycomb which are illustrated on a base material.
DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in further detail by examples

mentioned below.

An usable base material on which a diamond coa_ting is formed by vapor-
phase synthesis in the present invention includes metal such as silicon,
molybdenum, tungsten, niobiu_m, iron, copper, silver, gold, platinum, manganese,
nickel, cobalt, tantalum, titanium, chromium, and zirconium, nonmetallic simple
substance such as boron and graphite, carbide such as silicon carbide, tungsten
carbide, titanium carbide, and tantalum carbide, oxide such as alumina, silica,
zirconia, nitride such as boron nitride, silicon nitride, titanium nitride, and
.cerhented' carbide mainly comprising tungsten carbide and cobalt and/or nickel or

that additionally comprising titanium carbide and/or tantalum carbide.
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_seéond | ayer. Lai d- open Japanese patent Hei 4-99278 discl ose
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invention intends to relax t he |npact gi ven on the whol e coating | aye
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However, the one having small thermal expansion coefficient difference from the
precipitated diamond on the base material is preferable and also from the
viewpoints of economy and practical use, any one of molybdenum, tungsten,
silicon, tungsten carbide, silicon carbide, silicon nitride, and cemented carbide
mainly comprising tungsten carbide and cobalt is suitable as the base material on

which the diamond coating is formed in the present invention.

For the purpose of improving tenacious adhesion between the base
material and the diamond coating formed on the surface of it by anchoring
effect, a number of cavities (single pore, the porés which are intermittently
connected, or a groove formed by the pores continuously connected to one
another) having a depth of 0.0001-0.2 mm, preferably, 0.01-0.156 mm and a
diameter of 0.001-0.2 mm, preferably, 0.01-0.1 mm are formed on the surface
of the base material mentioned above.

These cavities are numerously formed in the points, lines (straight lines or
_curved lines), circles, ellipses, polygons, geometric patterns combined thereof or
at random. The geometric patterns formed by the cavities, for example, may be
arranged as zigzag at a constant pitch.by points, circles, polygons or arranged as
groove of square stitch lattice shaping grooves formed by a series of cavities
continuously connected to one another so as to form two kinds of parallel lines

at the same distance and crossing them at 90 degree angle with each other.

Moreover, a number of grooves may be arranged at random by polishing

thé surface of the base material v_vith a diamond whetstone.
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peel ing resistance and wear resistance at the same time by forming a high
t oughness di anond | ayer including carbon conponent as anorpheds—ear-bon

which is the sane conponent as di amond bet ween di anond .| aydHISSHEETHA$ BEEN
carbon conponent except for di anond and the base material .| HoweREPLAGED has

a problemthat the coating is easy to peel off, since stress-ortginated In
the coating increases as the thickness of the coating increases.

Lai d- open Japanese patent Hei 5-306195 di scl oses a manufacturing process of
CVD di anmond ' thin coating having interné®- tensile stress rel eased and
flatness by formng the surface of the base material on which di anond
coating precipitates into a convex shape having curvature radi us, which

conpensat es i nt gheadepth i 1he GdvitySiess UhaP V000 il cainnGt btadsl suffidiéra
di anond thin coati n&ﬁobt ained renoving fromthe base material, and warping

the thin c8aehaiing: effecieand rignFasee ob dbickndipmond | coatinghtormed Jie; partigilaect i on

of the curyabiigFofOthe (cd8tiRG iCedsyt8'dcdlr. That invention is characterized to
previ ously foresee the degree of warp of the coating caused by internal

stress in the coating during precipitation of the dianond coating on the

base material a ' A lﬁﬁ?fv' ' iHh Cinfor6eiiént Shape
for conpensati ngﬁ‘ m%%p&é?y*%é%tg%ﬁ]eg}igﬁ a é&?# g'glélaé'zh%' tipr it
effect of tenacious adhesion of the coating is saturated, therefore, it is not

necessary to deep the pore more further.

Also, in the case of forming pores by irradiation of YAG laser, it is difficult
to produce a pore having a diameter less than 0.001 mm, which forms cavity,
even if the beam is focalized. However, if the diameter of the cavity is over 0.2
mm, sufficient anchoring effect cannot be obtained, therefore, peeling of the

coating is easy to occur.

Moveover, sufficient tenacious adhesion of the coating can be obtained
when a pitch of single pore or geometric pattern, a distance of pores formed by
cavities, lattice, or a geometric pattern, or a long diameter of geometric pattern

_ is not more than 6 mm length.

As mentioned above, by forming a number of cavities on the surface of
the base material whose depth is 0.0001-0.2 mm, tenacious adhesion between
the surface of the base material and the diamond coating can be obtained due to

anchoring effect.

As a method to form cavities on the surface of the base matérial, for
: example,'YAG laser is preferable to use and another laser such as excimer laser
and carbonic acid gas laser may be used, and another method such as diamond

whestone, ion beam, and photo-resist may be possible to use.
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.coating could be obtained after releasing internal stress by renpving the
coating fromthe base material. However, it is Iacklng-ﬂﬂsgg fl %iBﬁﬁf
since the formng condition of the dianond coating shqul Aggiﬁ _
controlled due to the shape of the convex base nmaterial_for : ason I hat
the internal stress originated in the coating is varied dependi ng on

formng equipment of it and the form ng condition, for exanple, the greater

the formng velocity of the coati'ng, the greater the internal stress
originated in the coating. - . -10-

The adhesion between the base material and the diamond coating
becomes more tenacious using the base material whose surface for coating the
diamond is previously ground by electric discharge such as wire electric

- dishcarge machining, and forming cavities on that surface as mentioned above.

Next, the diamond coating is formed on the surface of the base material
mentioned above using vapor-phase synthesis in the source gas comprising
hydrogen and hydrocarbon. Microwave plasma CVD, filament CVD, DC plasma
CVD, and RF plasma CVD can be applied as vapor-phase synthesis, ahd
microwave plasma CVD is preferable to use for the present invention due to easy
control of forming condition. Saturated hydrocarbon such as methane, ethane,
propane, and butane, unsaturated hydrocarbon such as ethylene, propylene, and
acetylene, alcohol such as methanol, butanol, and isopropanol, ketone such as

. acetone and methyl ethyl ketone, and aromatic compound such as benzene and
toluene can be used as the hydrocarbon for source of carbon in the sodrce gas,
and from the viewpoints of economy and practical use, methane is preferably
used. The hydrocarbon is mixed with hydrogen at a constant volume ratio. In
_some cases, it is possible to dilute the mixed gas by further mixing of inert gas
such as argon. The mixed gas is supplied into the reaction chamber at a
constant pressure. Microwave output.power is applied in the source gas and the
diamond coating is formed on the base material.

The diamond coated material obtained as mentioned above is used as it is
covered with

//,,_,’
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SUMVARY OF THE | NVENTI ON The objective of the present .invention
I s . to produce a tenaciously adherent dianond coated mat epad—n-which

di amond coating is formed by vapor- phase synthesis on a| FHISSSHEEEHASIBEEN
Wt hout causing any warp of the coating. The di anpnd cREPEACRRt eri
of the present invention has a dianond coating | ayer for
synthesis on a surface of a base material having a nunber of cavities.
The cavities are preferably formed by electric discharge or |aser beam
irradiation and preferably i's.a pore bpping a depth of 0.0001-0.2 nmm
especially 0.01-0.15 mmand a d| ameter of 0.001-0.2 nm especially, not
more than 0.01- 0.1 nm -

diamond coating in case of use for whetsone tool.

On the other hand, in case of use for cutting tool and wear resistant

abrasion tool, it is used after the surface of the diamond coating is lapped.
EMBODIMENT
Example 1:

A cemented carbide of a diameter of 20 mm comprising tungsten carbide
of 94% and cobalt of 6% was selected as a base material for diamond coating

and it was cut off at a thickness of 0.7mm by wire electric discharge machining.

A base material having random arranged pattern (Cavity | No.1),
zigzaggingly arranged pattern of points (Cavity No.2, 3) as shown in Figures 1-4,
zigzaggingly arranged pattern of circles (Cavity No.4, 5), rectangular lattice
pattern (Cavity No. 6, 7), or honeycomb pattern (Cavity No. 8) described on the

_surface of the base material by YAG laser on the condition of Table 1 and a base
material without forming cavities were broduced as the base material for
diamond coating respectively. |

These base materials were cleaned by ultrasonic cleaning in acetone, then
the diamond coating of a thickness of 0.25-0.3 mm was formed by microwave
plasma CVD. . '

The warp of the diamond coated_ material obtained was measured as a
maximum deviation (warp) by a two dimensional surface roughness meter and
was evaluated by curvature radius R calculated from the Pythagorean theorem.
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- Moreover, the pores are preferably connected to one another to forma
gr oove. The base material is preferably any one of
tungsten, silicon, tungsten carbide, -silicon carbide, sili
cenment ed carbi de mainly conprising tungsten carbide and co
ni ckel . ' In the present invention, it has been possible to
di anond coated material having tenacious adheS|on with a base nmateri al
caused by anchoring effect produced by forming a di anond coating by
vapor - phase synthesis on a base naterit- having a nunber of cavities forned
by electric discharge or |aser beamirradiation.

Also, adhesion between the diamond coating and the base material was
evaluated by visual inspection of the degree of peeling of the diamond coating
formed. The results are shown in Table 2.

[Measurement of curvature radius]

Measuring equipment : two dimensional roughness meter Surfcom 1500 A
manufactured by TOKYO SEIMITSU Co., Ltd.

Measuring method:

1) Measuring surface : a base material surface or a diamond coating
surface precipitated

2) Measuring method and calculation:

. Warp {maximum deviation : h) between two points having a distance : L {21) on
a base material surface or a surface of the deposited diamond coating was
measured and a curvature radius : R was calculated from the equation mentioned
below using the Pythagoreén theorem, that is,

R-m?+12=R%;R=(12 + h?/ 2h
If _the value of R is smaller than 500, warp of the diamond coated material

formed becomes larger, therefore, in the present invention, not less than 500
was the passing grade.
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=T BRI EF EXPLANATI ON OF THE FIGURES  Figure 1
pattern of points arranged as zigzag which are il!ustrafteﬁ."g - Tase—
material in accordance with an enbodi nent of the inventifon. rS'] Egdl%ﬁﬁ
pattern of circles arranged as zi gzag which are iIIustre‘%ﬂri nﬁ-a’-ﬂf&ﬂe
nmaterial;
-13-

Table 1

Table 2

Example 2:

A cemented carbide of a diameter of 20 mm comprising tungsten carbide
of 99% and cobalt of 1% was selected as a base material for diamond coating
and it was cut off at a thickness of 0.7 mm by diamond cutter, then the surface

was polished as a mirror surface using a table grinding machine.

Next, a base material on which Cavity No. 6 as shown in Table 1 was
formed by YAG laser and a base material without forming cavities were produced
as the base material for diamond coating, respectively. The base materials were
cleaned by ultrasonic cleaning in acetone, then the diamond coating of a

_thickness of 0.25-0.3 mm was formed by microwave plasma CVD on the same
condition described in Example 1. Warp {curvature radius R) of the diamond

coated material obtained and the degree of peeling of the diamond coating
formed are shown in Table 3.

Table 3

Example 3:
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~Figure 3 is a pattern of rectangular lattices which are |Ih-us-t-|=-a-t-_ed Qn_a
base material; and Figure 4 is a patent of honeyconb whi chHIR 8HE! .43 BEEN
illustrated on a base naterial. : DETAI LED DESCRI ATl ON @EPLACED
EMBODI MENTS OF THE | NVENTI ON Enbodi nents of the present Trhvenrt+or
will be described in further detail by way of exanples only with reference
to the draw ngs. An usabl e base material on which a dianond

coating is forned by vapor- phase synthesis in the present invention

i ncl udes netal such as silicon, nolybdékum tungsten, niobium iron,
copper, silver, gold, platinum manganese, nickel, cobalt, tantalum
titani um chrom um and zirconium nonnetallic si rrpl e substance such as
boron and gr aphMblybdesurbj dngsteh, amngsﬂencaarbﬁuy bank, siticorg sdaebide aohi sle,

titanium Cgigr?\iegeer’ofa 2 r%'\re}\ngmaelrg rgef:e%{e% as ba(s)é( Irrcwiaetersia s r}ma %la?rlléjn ccatmsgI Ia||1dC &
Were cut off at a thickness of 0.6-0.7 mm by wire electric discharge machining.
Base materials on which Cavity No.3 and Cavity No.4 were formed by YAG laser
on the condition of Table 1 in the same manner as Example 1 and base materials
without forming cavities were produced as the base materials for diamond

coating, respectively.

The base materials were cleaned by ultrasonic cleaning in acetone, then
the diamond coating of a thickness of 0.256-0.3 mm was formed by microwave
plasma CVD on the same condition described in Example 1. Warp (curvature
radius R) of the diamond coated material obtained and the degree of peeling of

the diamond coating formed are shown in Table 4 and 5.

Table 4
_ Table b

Example 4:

Commercial silicon wafer and silicon nitride wafer having a thickness of 1
mm were selected as base materials for diamond coating and were cut off into
squares of 30 mm. Base meterial on which Cavity No.8 was formed by YAG

lasél_’ on the
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.,z'i\rconi a, nitride such as boron nitride, silicon nitride, titanium ni'tride

and cenented carbide mainly conprising tungsten carbi de & ﬁwg l\ k
ni ckel or that additionally conprising titaniumcarbide aﬂ rﬁ%nt at l@uﬁ% N
“car.bi de. However, the one having snall the bttt

.coefficient difference fromthe precipitated dianond on the base mat er 1 al
.is preferable and also fromthe -15-

condition of Table 1 in the same manner as Example 1 and base materials

without forming cavities were produced as the base materials for diamond
coating, respectively.

The base materials were cleaned by ultrasonic cleaning in acetone, then-
the diamond coating of a thickness of 0.25-0.3 mm was formed by microwave
plasma CVD on the same condition described in Example 1. Warp {curvature
radius R) of the diamond coated wafer obtained and the degree of peeling of the

diamond coating formed are shown in Table 6.

Tabie 6

As shown in examples, the diamond coated materials of little warp and flat
shape were obtained on the surface of the base material by diamond whetstone
or YAG laser. The diamond coated materials having tenacious adhesion were
also obtained. -

As mentioned above, it is possible to produce a diamond coated material
having tenacious adhesion in which.a diamond coating is formed on a base

material by vapor-phase synthesis without causing any warp in the present
invention.

We claim:

This Sheet Has Been Reﬂlaced
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\A_i"éwpoi nts of econony and practical use, any one of nolybdenum. tungsten:

silicon, tungsten carbide, silicon carbide, silicon nitri ) £F n i
carbide mainly conprising tungsten carbide and cobalt is|su § D
base material on which the dianond coating is fornmed in tthe_ pr

i-nventi on. For the purpose of inproving tenaci ous adhesi on between
the.base material and the dianond coating formed on the surface of it by
anchoring effect, a nunber of cavities (single pore, the pores which are
intermttently connected, or a groove-18+rnmed by the pores continuously
connected to one anot her) having a depth of 0.0001-0.2 nm preferably,
0.01-0.15 mmand a dianeter of 0.001-0.2 mm preferably, 0.01-0.1 mmare
formed on the sAroﬂuambndfcddned bmenﬂahamgila ﬂﬁﬁidnﬂn&ﬁatiﬁbOM?er formed by These
cavities are nuperousl ¥ f or me oilnts, lines (stralg | i nes or
curved | i n¥3Ror-Pbase Synthesis PBs%?”’{? oRsbasse materfal haying 8r RUMBEBf ned

t her eof orcgalitissandom The geonetric patterns fornmed by the cavities, for
exanpl e, may be arranged as zigzag at a constant pitch by points, circles,
pol ygons or arranged as groove of square stitch lattice shaping grooves

formed by @ ser pefiafbnd ¥batddaterial as claimed in claim 1, wherein said cavity is:

formed by electric discharge or laser beam.

3. . A diamond coated materiai as claimed in claim 1 or claim 2, wherein said
cavity is a pore having a depth of 0.0001-0.2 mm and a diameter of 0.001-0.2
mm. '

4, . A diamond coated material as claimed in claim 1 or claim 2, wherein said
cavity is a pore having a depth of 0.01-0.15 mm and a diameter of 0.01-0.1
mm.

5. A diamond coated material as claimed in claim 3 or claim 4, wherein said

pores are connected to one another to form a groove.

6. A diamond coated material as claimed in any of claims 1-5, characterized
in that said base material is any one of molybdenum, tungsten, silicon, tungsten
carbide, silicon carbide, silicon nitride, and cemented carbide mainly comprising
tungsten carbide and cobalt and/or nickel.

This |Sl'iiet l}llii |iaeenll|€ﬁaced
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continuously connected to one another so as to formtwo Ki
‘I'ines at the sane distance and crossing themat 90 degree
a nunber of grooves may be arrang

ot her.

Mor eover,

1?115

E

d_at

polishing the surface of the base material with a dianond whetstone.
The depth of the cavity |esd7than 0.0001 nm cannot obtain

suffici ent

[Cavity] Depth | Diameter of Reference
No. | (mm) | pore(mm) Pattern shape _figure -
' Random (Polished by diamond

1 0._01 0.05 whetstone
2 | 0.00005 . 0,001 . Distance of points is 0.5
qunts ' . mm. . Figure 1
3 0.0001 0.008 :-:-ga?ggeg(;;‘gw Distance olfn ;;Jints is 0.5
diameter of circle = 2 mm
4 0.001 0.01 distance between center
Circles of circles = 5 mm }
(zigzaggingly | diameter of circle = 2 mm Figure 2
5 0.01 03 arranged) distance between ceater
of circles = § mm,
Distance of lattice =3
6 _ 0.10 0.05 Rectangular mm Fioue 3
lattice Distance of lattice = 7 gur
0.18 0.13 mm _
. 0.10 0.10 Honeycomb (length of one side = 3mm) | Figure 4
Table 2
. Characteristics of diamond’
Sample Buse material coated material o
— e P Earrr Classification
No. Composition Cavity Radius of Peeling of
po No. curvalure coating
11 7 690 No Present invention
12 4 760 No Present invention
13 5 830 _ No Present invention
14 Cemented 8 860 No Present invention
15 carbide 3 1220 No Present invention
16 (94% WC 6 1280 No Present invention
17 + 6% Co) 1 1310 No Prcsent invention
18 2 1340 No Present invention
. Impaossible to Comparative
19 - be measured Overll fo::éev
-

No.1243PCT

e
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anchoring effect and in case of thick diamond coating forned in particul ar,
"peeling of the coati ng is easy to occur.
depth of the cavity is over 0.2mm

of the coating is saturated,

pore nore further.
drradiation of YAG | aser, i

di anet er

focal i zed. TéddeBver ,

coati ng S easy to occur.

pattern,
pattern,
| engt h.

Al so, i

nt

Mor eover,

On the
|nprovenent ef fect - of
t her ef ore, IS not neces

ﬁg case of formn
t is'difficult to produce a pore having a
| ess than 0.001 mm which forms cavity,
if the di;ameter of the cavity is over 0.2 nmm
sufficient anchorlng ef fect cannot be obtained,

fher hand

1 f th

THIBBHEETSHASI BEEN ¢n
ary t REFEAGED he

t her ef or e,

[
PUTNCOo Uy

even if the beamis

peel i ng of the

suff|C|ent t enaci ous adhesi on
of the coatlng can be obtained ‘when a pitch of S|ngle pore or geometric

t-st-apree WLaTIIy or avr . s o1 o geo ric
br_a | ohg digksehaterial ged rretqlf‘?@ l? °¢§r°ﬁdia§‘°ﬂ%t more than 5 mn
Sample ated material ] ;
Classification
No. C ition lcavity No.| - Radius. of | Peeling of
- pos |__curvature coating
20 Cemcented 6 70 No Present invention
Cafbide . )
impossible to Comparative
99% WC -
21 (+_ 1936 co) be measured Ovezrall example
Table 4
Base material Characteristics of diamond
Sample coated material ]
No. 1 oot | Poclmgor | Classification
. . a
Composition [Cavity No. et coating
22 : 3 630 No Present invention
23 Mo":::num imposible to Overall Compar:tive
(Mo) " be measured tra example
‘24 3 600 No Prescnt invention
25 m(%m ) Impossible to Overall Compgaﬁvc
be 'measyred examapls
Table 5
' . Characteristics of diamond
Sample Base material coated material . X
No. . . " Radius of Peeling of cation
Compaosition |Cavity No. curvature coating
26 Tungsten 4 810 No Present invention
carbide Impossible to Camparative
27 (WO ' be measured | Overal! example
28 Silicon 4 660 No Present invention |
carbide ' Impossible to Comparative
2 (SiC) " |vemessured |  Ovenall example
This Sheet Has Been Repla
No.1243PCT
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'As nentioned above, by form ng a nunber of cavities on the surface of the

base material whose depth is 0.0001-0.2 nm tenacious adh ng i rBE
surface of the base material and the dianond coating can obt ﬁgggw 0
anchoring effect. As a met hod 48 formcavities on .

the base material, for exahple, YAG |laser is preferable to use and anot her
. aser such as excinmer |aser and carbonic acid gas |aser may be used, and
anot her net hod -such as dlanDnd whest one, ion beam and photo-resist nay be
possi ble to use. :

Table 6
. Characteristics of diamond
Sample Base material coated material . .
No. o , Radius of | Peclingof Classification
Composition* | Cavity No. eurvatuse coating_
30 Silicon 8 770 No Present invention
. . Impossible to Compuarative
3t (si) - |be measured |  Overall ufmple
32 Silicon nitride 8 920 No Present invention
_ . Impossible to Comparative
33 (SiaNg) > |be measured | Ovemsll i e
is Islliiflt T
No.1243PCT
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.the .dianmond is previously ground by el-ectric discharge suchias’ wie

- 10-° The adhesi on betmeehmthe base material and the di anond coating

beconmes nore tenacious using the base material whose surfa,e LphnuyaLllthEN

el ectripg ggfihparge machi ning, and formng cavities on that [surf dtLAGED
ment.i one ove Next, the dianond coating is formed on the surface
of the base materi al nentloned above using vapor-phase synthesis in the
source gas conprising hydrogen and hydrocarbon. M crowave pl asna CVD,
filament CVD, QOC plaspa C\D,, apd, RF plasnma CVD can be applied as
vapor - phase synthesig, ,and mcrowave plasna CVD is preferable to use for

the present invention due to easy control of ° fornlng condi tion. Saturated
hydr ocar bon such as " et hane, ethane propane *ahd butane, unsaturated
hydr ocar bon such a$ étHRylerle,” pt opylene,” and* atetyl.ene, al cohol such as

met hanol , but anol’} &and i*sdpriopanol ; ketorme such* as
Figure 2
L4 - -~ o L -~ - - - - L -
o oc-o~o o
’o°o°o°o°o 020%6%0%0%0°%0
3 0 0 _ 0 0_0_0_0_O0_O0_0O_O
© 0 0, 0,0 0 _ 0_0_.0_0_.0_0O
»)_ 0. 0 0O 0, 0_0_0_O0O_O_O_O
©O 0 _ 0,0, 0, 0_0_O0O_O_O0_O_O
2. 0, 0. 0. 0_0_0_0_ 0 _O0_0O_ 0
0,0 _ O0_ 0. C_O_O_O_O_O©O_O_0O
). 0.0 0.0 0_ 0O _0_ O _O0_ O_0O
0O _0_ 0, 0 0_0_O_O0_O_O_0_0O
000 0_0_0O0_O0O_O_O_O 0O
o.0_ ©0_0_ C,_,0_0,_0_O_O0_o0_0O
) 0O 0. 0 00 _0_O0_O_0O0_O0_0
o_0_o0o_ 0, c_O0O_0O0_O_O_ O _O0_O
> 0 _0_0_0_0_G_O O _O _ O_0
0O 0 _ 0O _O0O_C_O_O0O_ O_D_O_O_O
3 0. 00, 0_0_O0O_O_O0_O_O_ O
c . o_0_ 0 C_O_O_O_O_O_O_O
) 0o_0_ 0.0 _0_©C_O_O_O_O_0O
0O_0_0_0_ 0 0 _0_O0O_0_0O0_0_0O
3.0 . 00,0 _ 0, 0_0_0_0_0_0
©o_0_0_.0_0_C_O_ O _O_O_O_0O
)"0 0. 0.0 0 0 0.0 _0O0_0_.0
0.0, 0.0, 0,0 0.0, 0_0_.0_0 |
’020%20%06%°0%0%0%60%°0%0%0°%0
. ~ non_n ~ ~ ~ ~ ~ T ~
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@detone and nethyl ethyl ketone, and aromatic conpound such as benzene and
t'ol uene -can be used as the hydrocarbon for source of carbon j : ource
gas, and fromthe viewpoints of economny and practical use, FHHhSHEgT
prefergbly gfed. The hydrocarbon is m xed with hydrogen at CONSREP} “D
vol um@'8H®? In sone cases, it is possible to dilute the mXe

furthher m xing of inert gas such as argon. The m xed gas is supplied into
the reaction chanpegr saj a cgnst anf pregsyrge. croowave out put power is
applied in the ;ource_#gs arld {t hel di gnynfl cqafi hg is forned on the base
mat eri al . The ndnd ¢ohiled fayeyf1al ai ned as nentioned above
Is used as it i$§ fovdredlw tth| T :

Figure 4

This Sheet Has Been Replaced




di anond coating in case of use for whetsone tool 7
hdnd> in case of use for cutting tool and wear r§ Descnptl """ pageg.....
s)n‘nq |tg

is used after the surface of the dianond coating}i dS:’:é
Exanmpl e 1: A cemented carbide of a diangt Abtra -----
t ungst en car bi de S pag -----

-1-

------------------

ARTICLES WITH DIAMOND COATING FORMED THEREON B
SYNTHESIS

ABSTRACT

The objective of the present invention is to produce 4 material with a
tenaciously adherent diamond coating made by formin L & diamond coating on a
base material by vapor-phase synthesis without causing any warp of the coating.
The 'diamond coating layer is formed on the strface of a base material having a
number of cavities formed by electric disCharge or laser beams, and the cavity is
a pore having a depth of 0.0001-0:2 mm and a diameter of 0.001-0.2 mm. The
pores may be connected to ohe another to form a groove. Suitable examples of
the base material inciGde molybdenum, tungsten, silicon, tungsten carbide,
silicon carbide, siticon nitride, and cemented carbide mainly comprising tungsten
carbide and-€obalt and/ or nickel. .

BACKGROUND AND OBJECTIVES -

The present invention relates to a base material covered with diamond

coating and the manufacturing process thereof which may be used for cutting
tool such as cutting chip, drill, and end mill, whetstone tool, and wear resistant
abrasion tool. Particularly, it relates to a diamond coated material and the
manufacturing process thereof which has no warp and flat shape and tenacious

adherence with a base material by dispersedly reducing internal




of -94% and cobalt of 6% was sel ected as a base material for dianond coating
and it was cut off at a thickness of 0.7mm by wire electric discharge

machi ni ng. A base material having random arranged pattern (Cavity
No. 1), zigzaggingly arranged pattern of points (Cavity No.2, 3) as shown in
Figures 1-4, zigzaggingly arranged pattern of circles (Cavity No.4, 5),
rectangular lattice pattern (Cavity . 6, 7), or honeyconb pattern (Cavity.
No. 8) described on the surface of the base nmaterial by YAG | aser on the
condition of Table 1 and a_base material w thout formng cavities were
produced #Eessipsiginated insthediamond, Fotingriina f85PiNay respect i vel y.

These base nmaterials were cleaned by ultrasonic cleaning in acetone, then

t he di anond coating.of a thickness of 0,25-0.3 mmwas forned by m crowave
pl asma CVD.  AccordingTte Hiar gevalonmmntdph vsper-ehnsecsyniess i ¢ff dsMoidned was

measur ed é‘évei’odméﬂtcrj&f B HRINPESRhg(t8BIs bR By LHBordiHEBE S HRRsis Pt baes
roughness neter an
actively proceeded, wherein the diamond has been coated on a base material for
tool such as cutting chip, drilll, and end mill. In the case of directly coating the

diamond on a base material for tool by vapor-phase synthesis, the diamond

coating may peel off from the base material depending on the method due to the

stress resulting from thermal expansion coefficient difference between the
material of the base material and diamond, that is, the residual stress caused by
temperature difference of during coating of the diamond on the base material
from during cooling after coating, and therefore, it is difficult for practical use.
On the other hand, the diamond has been coated in advance on a specific base
material by vapor-phase synthesis, and then the base material covered with

diamond coating obtained has been soldered with tool in such a manner as

directly attaching with the base material and tool, or the base material has been

removed by polishing after soldering with tool in such a manner as directly

attaching with the diamond surface and tool, or the diamond coating alone has
been soldered with tool after peeling the diamond coating from the diamond
coated base material. In these methods, the thicker the thickness of the
diamond coating is, the more residual stress increases, and in case of a thin base
material, the base material covered with the diamond coating warps. Once vﬁ_r_g

occurs, troublesome increases which is that the longer polishing time is required”

to polish the coating surface or the

1% SEP 1998




was eval uated by curvature radius R calculated fromthe Pythagorean

t heor ém

adhesi on between the dianond coating and the base materi al

-12-

Al so,

was eval uat ed by

vi sual inspection of the degree of peeling of the dianond coating forned.

The results are shown in Table 2.

-3-

diamond coating is easily cracked during soldering with tool. For example, laid-
open Japanese patent Hei 1-167211, Hei 3-187677, and Hei 4—99278 disclose
that the coating is formed at plural step for the purpose of improving tenacious
adherence during forming the diamond coating on the base material, and the thus
precipitated coating has multilayered structure. Moreover, laid-open Japanese

patent Hei 5-306195 discloses the prevention of warp of the coatmg during
forming the diamond coating.

Laid-open Japanese patent Hei 1-167211 discloses a diamond-iike carbon
coating and the synthesis thereof having small coating stress and smooth
surface flatness comprising diamond like carbon layer including high content of
amorphous carbon and that including low content of amorphous carbon. The
objective of that invention is to obtain a diamond like carbon layer having flat
surface and high light transmissivity for coating of lens or window and protecting
film of magnetic disk, and it produces a coating of diamond like carbon formed
by alternate precipitation of diamond like carbon Iayer including high content of
amorphous carbon and that including low content of amorphous carbon
periodically changing temperature of the base material, electromagnetic wave
energy such as miérowave and high frequency, concentration of carbon source,
and reaction pressure. However, the objective of that invention is to obtain a
diamond like carbon layer having flat surface and high light transmissivity, and in

order to obtain the coating having smooth surface flatness without




[ Measurenment of curvature radius] Measuring equi pment : two di mensional
roughness neter Surfcom 1500 A manufactured by TOKYO SEIM TSU Co., Ltd.

Measuri ng met hod:- 1) Measuring surface : a base materi al _
surface or a dianond coating surface precipitated 2) Measuri ng
met hod and cal cul ati on: Warp (maxi num devi ation: h) between two points
havi ng a distance: L (21) on -4-

surface polishing such as lapping after forming coating, the uppermost surface
layer should have smooth surface flatness and have low hardness of diamond
like carbon layer including high content of amorphous carbon, and therefore, it is
not suitably used as hard coating layer for tool due to insufficient wear

resistance, which is the objective of the present invention.

Laid-open Japanese patent Hei-3-197677 discloses a diamond coated tool
and the manufacturing process thereof which has multilayers of diamond coating
coated on the base material such as cemented carbide, cermet, silicon nitride
sintering, or aluminum oxide sintering, in which impurity compositidn of the first
layer is higher than that of the second layer and grain size of diamond of the first
layer is smaller than that of the second layer. In that invention the coating
shouid be formed in the separated process, respectively, in which the coating of
the first layer is fdrmed by filament CVD, and then the coating of the second
layer is formed by plasma CVD. Therefore, it is lacking in the productivity and it
has possibility of the deposition of impurity such as particles of dust on the

coating surface after forming the first layer which produces defects in the
second layer.

Laid-open Japanese patent Hei 4-99278 discloses a diamond coated tool
part having multilayered diamond coating layer having a thickness of 0.5-200um
formed on a hard material, which has not less than one layer of the diamond
coating including carbon component except for diamond and not less than one*

layer without it, 'respéctively. That invention intends to relax the impact given on
the whole coating layer and to have




a base material surface or a surface of the deposited di anond coati ng was
neasured and a curvature radius : R was calculated fromthe equation

menti oned bel ow using the Pythagorean theorem that is, (R-h)[err] +
[err] = Rerr]; R= (1 + hlerr])/ 2h If the value of Ris smaller than
500, warp of the dianond coated material formed becones |arger, therefore,
in the present invention, not |ess than 500 was t he passing grade.

peeling resistance and wear resistance at the same time by forming a high
toughness diamond layer including carbon component as amorphous carbon
which is the same component as diamond between diamond Iayer‘ excluding
carbon component except for diamond and the base material. However, it has a
problem that the coating is easy to peel off, since stress originated in the coating
increases as the thickness of the coating increases.

Laid-open " Japanese patent Hei 5-30619% di_scloses a manufacturing
process of CVD diamond thin coating having intérnal tensile stress released and
flatness by forming the surface of the base material on which diamond coating
precipitates into a convex shape having curvature radius, which compensates
internal tensile stress supposed to be originated in the diamond thin coating
obtained removing from the base material, and warping the thin coating removed
from the base material in the opposite direction of the curvature of the base
material. That invention is characterized to previously foresee the degree of
warp of the coating caused by internal stress in the coating during precipitation
of the diamond coating on the base material and to previously form the base
material into a convex shape for compensating warp of the coating so that a flat
coating could be obtained after releasing internal stress by removing the coating
from the base material. However, it is lacking in practical use, since the forming
condition of the diamond coating should precisely be controlled due to the shape
of the convex base material for the reason that the internal stress originated in
the coating is varied depending on forming equipment of it and the forming-
condition, for example, the greater the forming velocity of the coating, the

greater the internal stress originated in the coating.

REPLACEVENT SriET)
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Table 1 Cavity Depth D anet er of

Ref er ence No. (nm) pore (nm

figure 1 0.01 0. 05 Random (Pol i shed by di anond

whet st one) 2 0. 00005 0. 001 D stance of points is
0.5 Poi nt s nm 3 0.0001 0. 005

zi gzaggi ngly Di stance of points is 0.5 Figure 1 arranged)

mm -6- dianmeter of circle = 2 mm
4 0. 001 0.01 di stance between center

Crcles of circles =5 mm

SUMMARY OF THE INVENTION

The objective of the present invention is to produce a tenaciously
adherent diamond coated material in which diamond coating is formed by vapor-

phase synthesis on a base material wthout causing any warp of the coating.

The diamond coated material of the present invention has a diamond

coating layer formed by vapor-phase synthesis on a surface of a base material

having a number of cavities.

The cavities are preferably formed by electric discharge or laser beam
irradiation and preferably is a pore having a depth of 0.0001-0.2 mm, especially

0.01-0.15 mm and a diameter of 0.001-0.2 mm, especially, not more than 0.01-

0.1 mm.

Moreover, the pores are preferably connected to one another to form a
groove. '

The base material is preferably any one of molybdenum, tungéten, silicon,
tungsten carbide, silicon carbide, silicon nitride, and cemented carbide mainly

comprising tungsten carbide and cobalt and/or nickel. -

In the present invention, it has been possible to obtain a diamond coated
material having tenacious adhesion with a base material caused by anchoring
effect produced by forming a diamond coating by vapor-phase synthesis on a
base material having a number of cavities formed by electric discharge or laser

beam irradiation.

{REPLACEMENT SHEET
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(zigzaggingly dianmeter of circle =2 nm Figure 2 5 0.01 0.3
arranged) di stance between center

of circles =10 mm 6 0.10 0. 05 Di st ance of
lattice = 3 Rect angul ar mm 7 0.18 0.13

lattice ~Distance of lattice =7 Figure 3

mm 8 0.10 0.13 Hone)econb (length of one side = 3mm -

FI GURE 4 Table 2 _ “/~ Base Materi al Characteristics
of di anond Sampl E coated materi al
Classification NO. ' Cavity Radi us of Peel i ng of
Conposition ° No. BRIEF ENALANATION Qf;, THE JIGURES

Figure 1 is a pattern of points arranged as zigzag which are illustrated on a base

material in accordance with an embodiment of the invention.

Figure 2 is a pattern of circles arranged as zigzag which are illustrated on a base

material;

Figure 3 is a pattern of rectangular lattices which are illustrated on a base

material;
and Figure 4 is a patent of honeycomb which are illustrated on a base material.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Embodiments of the present invention will be described in further detail_bl

way of examples only with reference to the drawings.

An usable base material on whiéh a diamond coating is formed by vapor-
phase sYnthesis in the present invention includes metal such as silicon,
molybdenum, tungsten, niobium, iron, copper, silver, gold, platinum, manganese,

- nickel, cobalt, tantalum, titanium, chromium, and zirconium, nonmetallic simple
substance such as boron and graphite, carbide such as silicon carbide, tungsten
carbide, titanium carbide, and tantalum carbide, oxide such as alumina, silica,
zirconia, nitride such as boron nitride, silicon nitride, titanium nitride, and
cemented carbide mainly comprising tungsten carbide and cobalt and/or nickel or

that additionally comprising titanium carbide and/or tantalum carbide.




11 7 690 No Present invention
12 4 760 No Present invention
13- 5 830 No Present invention
14 Cenent ed 8 860 No Present invention
15 car bi de 3 1220 No Present invention
16 (94% WC 6 1280 No Present invention
17 + 6% Co) 1 1310 -8- No Present invention
18 2 1340 No Present invention
19 - | npossible to Overal |

Conparative be neasured _ exanpl e

However, the one having small thermal expansion coefficient difference from the
precipitated diamond on the base material is preferable and aiso from the
viewpoints of economy and practical use, any one of molybdenum, tungsten,
silicon, tungsten carbide, silicon carbide, silicon nitride, and cemented carbide
mainly comprising tungsten carbide and cobalt is suitable as the base material on

which the diamond coating is formed in the present invention.

For the purpose of improving tenacious adhesion between the base
material and the diamond coating formed on the surface of it by anchoring
effect, a number of cavities (single pore, the pores which are intermittently
connected, or a groove formed by the pores continuously connected to one
another) having a depth of 0.0001-0.2 mm, preferably, 0.01-0.15 mm and a
diameter of 0.001-0.2 mm, preferably, 0.01-0.1 mm are formed on the surface

of the base material mentioned above.

These cavities are numerously formed in the points, lines (straight lines or
curved lines), circles, ellipses, polygons, geometric patterns combined thereof or
at random. The geometric patterns formed by the cavities, for example, may be |
arranged as zigzag at a constant pitch by points, circles, polygons or arranged as
groove of square stitch lattice shaping grooves formed by a series of cavities
continuously connected to one another so as to form two kinds of parallel lines-

at the same distance and crossing them at 90 degree angle with each other.

Moreover, a number of grooves may be arranged at random by polishing

the surface of the base material with a diamond whetstone.

REPLACEMENT
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-14- Exanpl e 2: A cemented carbide of a dianmeter of 20 mm
conpri'si ng tungsten carbi de of 99% and cobalt of 1 % was selected as a base
material for dianmond coating and it was cut off at a thickness of 0.7 nm by
di anond cutter, then the surface was polished as a mrror surface using a

t abl e grindi ng machine.: " Next, a base material on which Cavity No.
6 as shown in Table 1 was forned by YAG | aser and a base material without
form ng cavities were produced as thegbase material for dianond coating,
respectively. The base materials were cleaned by ultrasonic cleaning in
acetone, then the dianond coating of a thickness of 0.25-0.3 mmwas forngd

by m crowave ptgs t@?\/&} %Ebﬁtyﬁ%& HaR D bogn rﬂﬁﬁEéerQdoBtQmE%‘tﬂﬂBﬂeﬁtl Vaf p
(curvature radius he di anond coated naterial obtained and the degfee

of peeli n@ﬁtxbprmmeeftﬁcanqmdlrb@ggg mf thick diamond coating formed in particular,
peeling of the coating is easy to occur.

On the other hand, if the depth of the cavity is over 0.2mm, improvement
effect of tenacious adhesion of the coating is saturated, therefore, it is not

necessary to deep the pore more further.

Also, in the case of forming pores by irradiation of YAG laser, it is difficult
to produce a pore having a diameter less than 0.001 mm, which forms cavity,
even if the beam is focalized. However, if the diameter of the cavity is over 0.2
mm, sufficient anchoring effect cannot be obtained, therefore, peeling of the
coating is easy to occur. '

Moreover, sufficient tenacious adhesion of the coating can be obtained
when a pitch of single pore or geometric pattern, a distance of cavity formed by
cavities, lattice, or a geometric pattern, or a long diameter of geometric pattern
is not more than 5 mm length.

As mentioned above, by forming a number of cavities on the surface of
the base material whose depth is 0.0001-0.2 mm, tenacious adhesion between
the surface of the base material and the diamond coating can be obtained due to™
anchoring effect.

As a method to form cavities on the surface of the base material, for
example, YAG laser is preferable to use and another laser such as excimer laser
and carbonic acid gas laser may be used, and another method such as diamond

whestone, ion beam, and photo-resist may be pbssible to use.
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forned are shown in Tabl e 3. Tabl e 3 Base materi al

‘Characteristics of dianond Sanple coat ed
mat er i al : No. : Radi us of Peel i ng of

Cl assification Conmposition Cavity No. curvature coating

20 Cenent ed 6 770 NO Pr esent

I nvention cur bi de 21 (99% WC - | npossi bl e
to Overall Conparative -10- * 1% Co) . be

measur ed exanpl e

The adhesion between the base material and the diamond coating
becomes more tenacious using the base material whose surface for coating the
diamond is previously ground by electric discharge such as wire electric

dishcarge machining, and forming cavities on that surface as mentioned above.

Next, the diamond coating is formed oﬁ the surface of the base material
mentioned above using vapor-phase synthesis in the source gas comprising
hydrogen and hydrocarbon. Microwave plasma CVD, filament CVD, DC plasma
CVD, and RF plasma CVD can be applied as vapor-phase synthesis, and
microwave plasma CVD is preferable to use for the present invention due to easy
control of forming condition. Saturated hydrocarbon such as methane, ethane,
propane, and butane, unsaturated hydrocarbon such as ethylene, propylene, and
acetylene, alcohol such as methanol, butanol, and isopropanol, ketone such as
acetone and methyl ethyl ketone, and aromatic compound such as benzene and
toluene can be used as the hydrocarbon for source of carbon in the source gas,
and from the viewpoints of economy and practical use, methane is preferably
used. The hydrocarbon is mixed with hydrogen at a constant volume ratio. In
some cases, it is possible to dilute the mixed gas by further mixing of inert gas
such as argon. The mixed gas is supplied into the reaction chamber at a
constant pressure. Microwave output power is applied in the source gas and the
diamond coating is formed on the base material.

The diamond coated material obtained as mentioned above is used as it is
covered with




Exanpl e 3: Mol ybdenum tungsten, tungsten carbide, and silicon
‘carbi de of a dianeter of 20 mm were sel ected as base materials for dianond
coating and were cut off at a thickness of 0.6-0.7 mmby wire electric

di scharge machi ning. Base materials on which Cavity No.3 and Cavity No. 4
were formed by YAG | aser on the condition of Table 1 in the sane manner as
Exanpl e .1 and base materials wthout formng cavities were produced as the
base materials for dianond coating, rgspectively.

diamond coating in case of use for whetsone tool.

On the other hand, in case of use for cutting tool and wear resistant

abrasion tool, it is used after the surface of the diamond coating is lapped.

EMBODIMENT

Example 1:

A cemented carbide of a diameter of 20 mm comprising tungsten carbide
of 94% and cobalt of 6% was selected as a base material for diamond coating

and it was cut off at a thickness of 0.7mm by wire electric discharge machining.

A base material having random arranged pattern (Cavity No.1),
zigzaggingly arranged pattern of points (Cavity No.2, 3) as shown in Figures 1-4,
zigzaggingly arranged pattern of circles (Cavity No.4, 5), rectangular lattice
pattern (Cavity No. 6, 7), or honeycomb pattern (Cavity No. 8) described on the
surface of the base material by YAG laser on the condition of Table 1 and a base
‘material without forming cavities were produced as the base material for
diamond coating respectively.

These base materials were cleaned by ultrasonic cleaning in acetone, then”

the diamond coating of a thickness of 0.25-0.3 mm was formed by microwave
plasma CVD.

The warp of the diamond coated material obtained was measured as a
maximum deviation (warp) by a two dimensional surface roughness meter and

was evaluated by curvature radius R calculated from the Pythagorean theorem.




The base materials were cleaned by ultrasonic cleaning in acetone,

t hen the

di anond coating of a thickness of 0.25-0.3 mmwas fornmed by m crowave
pl asma CVD on the sane condition described in"Exanple 1. Warp (curvature

radius R) of the dianond coated material obtai ned and the degree of
of the dianond coating fornmed are shown in Table 4 and 5. Tabl e 4
Base materi al Characteristics of dianond Sanpl e

coated materi al Cl assificati.pp. No. Conmposition Cavity
Radi us of Peel i ng of curvature coating 22

3 630 No Present invention

Also, adhesion between the diamond coating and the base material was
evaluated by visual inspection of the degree of peeling of the diamond coating

formed. The results are shown in Table 2.

[Measurement of curvature radius]

Measuring equipment : two dimensional roughness meter Surfcom 1500 A
manufactured by TOKYO SEIMITSU Co., Ltd.

Measuring method:

1) Measuring surface : a base material surface or a diamond coating
surface precipitated '

2) Measuring method and calculation:

Warp (maximum deviation : h) between two points having a distance : L (21) on
a base material surface or a surface of the deposited diamond coating was

measured and a curvature radius : R was calculated from the equation mentioned

below using the Pythagorean theorem, that is,
(R-h* + 12 =R*;R = (12 + h¥/ 2h
If the value of R is smaller than 500, warp of the diamond coated material

formed becomes larger, therefore, in the present invention, not less than 500
was the passing grade.
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No.




23 Mot ybdctium - | npossible to Conpaati ve
23 (SAQ be neasured Oveal | exanple 24 .
3 600 No - Present invention Tungst en
- | npossible to Comparativc 25 (W
be neasue Overal | exanpal e Table 5
-13-
Table 1
Cavityl Depth |- Diameter of Raf
Pattern shage <nerence
No.| (mm) | pare(mm) _ - figure -
1 0.01 0.05 Random (Polished by diamond
whetstone)
2 0.00005 0.001 Distance of points is 0.5
Paints mm. 5
3 0.0001 0.00s ;Z:r!;z:gegc;;\gly Distance of points is 0.5 1guze 1
: s @m.
diameter of circle = 2 mm
4 0.001 0.0t distance betwesn canter
Circles of circles = 8 mm )
(zigzaggingly | diameler of circle =2 mm Figare 2
5 0.01 0.3 _acranged) distancs betwesn caater
' - of circles =10 mm
.6 0.10 0.05 Distancs of laitice = 3
: Rectangular nm ‘ i
. 0.18 013 lattice Distancs of latice = lgure 3
mm
8 |. 0.10 0.10 Honeycomb (length of onc side = 3mm) Figure 4
Table 2
i’ Characteristics of diamond -
Samplc Base material caated material .-
No Cavicy Tadie of Pecling of Classification
- ., Uus ot =1
Compasition No. curvature coating |
11 7 650 No | Prescnt invention |
12 4 760 No | Present invention
13 5 830 Ng - Prescnt invention
14 Cerntented 8 860 Ng Present invention |
13 carbide 3 1220 I No | Present mvention
16 (84% WC 6 120 | No | Present inveation
17 + 8% Co) 1 1310 [ No | Prcsent inveatioa
18 : 2 1340 i No i Dreseut invention
. impossible to | i Comparative
L8 - be measured Ovewll \ sxarple




.Bashed mat eri al
coated materi al

Radi us of
4

| mpossi bl
be neasur
660

I mpossi bl
nmeasur ed

Characteristics of dianond Sanple

Cl assification No. Conposition Cavity No.
Peel i ng of - curvature coating 26
810 No Present invention
eto Over Conmparative 27 (WO
ed exanpl e 28 Silicon 4
No Present inveni.ion 29 car bi de
eto Overal | Comparative (Si Q) be
exanpl e

Example 2:

A cemented carbide of a diameter of 20 mm comprising tungsten carbide

" of 99% and cobalt of 1% was selected as a base material for diamond coating

and it was cut off at a thickness of 0.7 mm by diamond cutter, then the surface

was polished as a mirror surface using a table grinding machine.

Next, a base material on which Cavity No. 6 as shown in Table 1 was
formed by YAG laser and a base material Without forming cavities were produced
as the base material for diamond coating, respectively. The base materials were
cleaned by ultrasonic clea_ning in acetone, then the diamond coating of a
thickness of 0.25-0.3 mm was formed by microwave plasma CVD on the same
condition described in Example 1. Warp (curvature radius R) of the diamond
coated material obtained and the degree of peeling of the diamond coating

formed are shown in Table 3.

Tungst en
car bi de

Table 3
» . Characteristics of diamond
Sample Basc material " coated material .
No Radius. of Peeling of Classification
" | Composition fCavity Na.| - - ' )
: curvature coating - .
20 Cemented 8 770 Na Present invention
curbide . :
Impossible to Comparative
21 {99% wWC -
. + 1% Ca) be measured Qvezall example
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Exanpl e 4: Commercial silicon wafer and silicon nitride wafer
havi ng a thickness of 1 mmwere selected as base materials for dianond
coating and were cut off into squares of 30 nm Base neterial on which
Cavity No.8 was fornmed by YAG |aser on the condition of Table 1 in the
same manner as Exanple 1 and base materials without formng cavities were
produced as the base materials for dianond coating, respectively

The base materials were cl eaned by ultg-.asonic cleaning in acetone, then

t he di anond coating of a thickness of 0.25-0.3 mmwas forned by m crowave
pl asma CVD on the sane condition described in Exanple 1. Warp (curvature

radi us R)E)&fmﬁlgng:di anond coated wafer obtained and the degree of peeling of
the dianond coating formed are shown in Table 6.

Molybdenum, tungsten, tungsten carbide, and silicon carbide of a
diameter of 20 mm were selected as base materials for diamond coating and
were cut off at a thickness of 0.6-0.7 mm by wire electric discharge machining.
Base materials on which Cavity No.3 and Cavity No.4 were formed by YAG laser

" on the condition of Table 1 in the same manner as Example 1 and base materials
without forming cavities were produced as the base materials for diamond

coating, respectively.

The base materials were cleaned by dltrasonic cleaning in acetone, then
the diamond coating of a thickness of 0.25-0.3 mm was formed by microwave
plasma CVD on the same condition described in Example 1. Warp (curvature
radius R) of the diamond coated material obtained and the degree of peeling of

the diamond coating formed are shown in Table 4 and 5.

Table 4
: Characteristics of diamond
Sample Bese material coated material . .
No : Pecling of Classification
M itd avi .| Radius o .
Camposition. [Cavity Na.| PRadls ? coating
3 630 resent i i
= Molybdcaum Imposible to = : Comr::t‘;:lf:'h:n
23 (Mo) B be measured Overall exz;mplc
‘24 a 3 600 No Present invention
25 Iis(W)m . lmpassible to Overall Comparative
be measgred examople
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- 17- Tabl e 6 Base materi al

Characteristics of dianond Sanmpl e
coat ed waf er : No. Conposi tion Cavity No.
Radi us of Peel i ng of Cl assification
curvature coating 30 Silicon 8
770 No Present invention 31 (Si) -
| npossible to Conpis-at i ve
Table 5
. Characreristics of diamond
Sample . Base matemal coated material .
No : . . Peeling of Classification
* | Composition |Cavity No.| Radius of '8
- curvature coating
26 Tungsten 4 810 Na Present inveation
carbide impossible to Comparative
27 (WC) N be measured Overall examole
28" Silicon 4 660 No Present invention
carbide impossible to Comparative
29 (SiC) - be measured Quenall examole
Example 4;

Commercial silicon wafer and silicon nitride wafer having a thickness of 1
mm were selected as base materials for diamond coating and were cut off into
squares of 30 mm. Base meterial on which Cavity No.8 was formed by YAG
laser on the condition of Table 1 in the same manner as Example 1 and base

materials without forming cavities were produced as the base materials for-

diamond coating, respectively

The base materials were cleaned by ultrasonic cleaning in acetone, then
the diamond coating of a thickness of 0.25-0.3 mm was formed by microwave
plasma CVD on the same condition described in Example 1. Warp (curvature
radius R) of the diamond coated wafer obtained and the degree of peeling of the

diamond coating formed are shown in Table 6.
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be neasured Overal | Exanpl e 32 Silicon
nitride 8 920 No Present invention
33 (Si[err]Nerr]) - | npossible to

be measured Overal | Conpar ati ve Exanpl e

As shown in exanples, the dianmond cogted materials of little warp and
flat shape were obtained on the surface of the base material by di anond
whet stone or YAG | aser. The di anond coated materials having tenaci ous
adhesi on el e al so obt ai ned. '

- ial Characreristics of diamond
Sampie Base mat coated wafer Cla
X : ssification
Ne. Composition* | Cavity No.| Radius of Pecling of
curvature cozting
30. Siticon : 8 ( 7‘73 ‘ No Prcc.:sent invention
31 (Si) . mpossidle 1o 0 cral ompmtive
. be measured verall example
_ 3 —! Silicon nitride 8 lmposﬁlgl No Precs:nt inv:-.?tion
33° (SisNe) - SOl Ovenl Amparative
_ be measured 1 example

As shown in examples, the diamond coated materials of little warp and

flat shape were obtained on the surface of the base material by diamond

whetstone or YAG laser. The diamond coated materials having tenacious

adhesion were also obtained.

As mentioned above, it is possible to produce a diamond coated material

having tenacious adhesion in which a diamond coating is formed on a base

material by vapor-phase synthesis without causing any warp in the present-

invention.

The embodiments have beéen described by way of example only and
modifications are possible within the spirit and scope of the invention as defined

by the claims.
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As mentioned above, it is possible to produce a dianond coated nateri al

‘having tenaci ous adhesion in which a dianond coating is forned on a base
mat eri-al by vapor-phase synthésis w thout ‘causing any warp in the present
i nventi on. The enbodi nents have been descri bed by way

0 0 SO o2 o5 e o e
- - * * -18-
CLAIMS

1. A diamond coated material having a diamond coating layer formed by

vapor-phase synthesis on a surface of a base material having a number of

cavities.

2. A diamond coated material as claimed in claim 1, wherein said cavity is

formed by electric discharge or laser beam.

3. A diamond coated material as claimed in claim 1 or claim 2, wherein said
cavity is a pore having a depth of 0.0001-0.2 mm and a diameter of 0.001-0.2
mm.

4, A diamond coated material as claimed' in claim 1 or claim 2, wherein said
cavity is a pore ‘having a depth of 0.01-0.15 mm and a diameter of 0.01-0.1
mm.

5. A diamond coated material as claimed in claim 3 or claim 4, wherein said

pores are connected to one another to form a groove.

6. A diamond coated material as claimed in any of claims 1-5, characterized

in_that said base material is any one of molybdenum, tungsten, silicon, tungsten
carbide, silicon carbide, silicon nitride, and cemented carbide mainly comprising”
tungsten carbide and cobalt and/or nickel.
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CLAIMS 1. A di anond coated nmaterial having a diamond coating | ayer
formed by vapor-phase synthesis an'a-surface of a base material having a
‘nunber of cavities. 2. A di anbnd coated material as claimed in claim1,
wherein said cavity is forned by electric discharge or | aser beam 3. A
di anond coated material as clainmed in claim1l or claim2, wherein said
cavity is a pore having a depth of 0.0001-0.2 nm and a di aneter of
0.001-0.2 nm 4. A di anond coatedqgaterial as claimed in claim1l or
claim2, wherein said cavity is a pore having a depth of 0.01-0.15 nmand a
di aneter of 0.01-0.1

ABSTRACT

The objective of the present invention is to produce a material with a
tenaciously adherent diamond coating made by forming a diamond éoating on a
base material by vapor-phase synthesis without causing any warp of the coating.
The diahond coating layer is formed on the surface of a base material having a
number of cavities formed by electric discharge or laser beams, and the cavity is
a pore having a depth of 0.0001-0.2 mm and a diameter of 0.001-0.2 mm. The
pores may be connected to one another to form a groove. Suitable examples of
the base material include molybdenum, tungsten, silicon, tungsten carbide,
silicon carbide, silicon nitride, and cemented carbide mainly comprising tungsten
carbide and cobait and/ or nickel.
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mm

di anond coated materi al
that said base materi al
tungsten car bi de,
mai nly conprising tungsten carbide

5.
wher ei n sai d pores are connected t.«q ‘6ne another to forma gr oove. 6.
as clained in any of clainms 1-5,
i s any one of nolybdenum tungsten,
silicon nitride,
and cobalt and/or nickel.

AL

A di anond coated material as clained

silicon carbi de,

Figure 1
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