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SUPERABRASIVE PARTICLE SYNTHESIS 
WITH CONTROLLED PLACEMENT OF 

CRYSTALLINE SEEDS 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/175,017, ?led Jul. 5, 2005, Which is a 
continuation-in-part of US. patent application Ser. No. 
10/926,576, ?led Aug. 25, 2004, Which is a continuation-in 
part of US. patent application Ser. No. 10/791,300, ?led Mar. 
1, 2004, Which is a continuation-in-part of US. patent appli 
cation Ser. No. 10/259,168, ?led Sep. 27, 2002, Which is a 
continuation-in-part of US. patent application Ser. No. 
09/935,204, ?led Aug. 22, 2001, noW issued as US. Pat. No. 
6,679,243, Which is a continuation-in-part of US. patent 
application Ser. No. 09/399,573, ?led Sep. 20, 1999, noW 
issued as US. Pat. No. 6,286,498, Which is a continuation 
in-part application of US. patent application Ser. No. 08/ 835, 
117, ?ledApr. 4, 1997, noW issuedas US. Pat. No. 6,039,641, 
and of US. patent application Ser. No. 08/832,852, ?ledApr. 
4, 1997, noW abandoned, all of Which are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to methods 
of synthesizing superabrasive particles. Accordingly, the 
present invention involves the ?elds of chemistry, metallurgy, 
and materials science. 

BACKGROUND OF THE INVENTION 

[0003] Diamond and cubic boron nitride (cBN) particles 
have found Widespread use as superabrasives in a variety of 
abrading and cutting applications. The WorldWide consump 
tion of diamond particles currently exceeds 400 metric tons. 
Common tools Which incorporate superabrasive particles 
include cutting tools, drill bits, circular saWs, grinding 
Wheels, lapping belts, polishing pads, and the like. In general, 
diamond grits can be classi?ed into three distinct siZe ranges: 
coarse mesh saW grits (U.S. mesh 18 to 60 or 1 mm to 0.23 
mm) for saWing applications, medium siZed grinding grits 
(U.S. mesh 60 to 400, 230 microns to 37 microns) for grind 
ing applications, and ?ne poWder of micron diamond (U.S. 
mesh <400 mesh) for polishing applications. 
[0004] Among diamond superabrasives, saW diamond has 
the largest particle siZe at about 18 to 60 mesh. High quality 
saW diamonds are generally euhedral having fully groWn 
crystallographic faces. Further, high quality saW diamond 
should have very feW defects or inclusions. Standard appli 
cations for saW diamonds require high quality diamonds. This 
is at least partially due to the high impact force encountered 
during cutting, particularly at high speeds. In contrast, 
smaller diamond particles, i.e. 60 to 400 mesh or 0.25 mm to 
37 um, such as those used in grinding Wheels, create scratches 
in the surface Which gradually removes material from a Work 
piece. In such grinding applications, the impact force is typi 
cally much less than for cutting applications. Thus, commer 
cially satisfactory smaller diamonds can be produced With 
less concern for ?aWs and impurities than is generally accept 
able for larger diamonds such as saW diamonds. 
[0005] Superabrasives are typically formed under ultrahigh 
pressure, e.g., about 5.5 GPa and high temperature, e.g., 
13000 C. The quality of diamond grits is typically controlled 
by the groWth rate. A sloWer groWth rate can alloW for more 
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complete formation of the crystal morphology and a loWer 
amount of interior defects. High quality, Well-crystallized 
diamond grits Will exhibit higher impact strength suitable for 
more aggressive saWing action. The amount of defects (e.g. 
metal inclusion) Will also affect the thermal stability of the 
diamond grit. A less included diamond can Withstand a higher 
processing temperature (eg 10000 C.) typically used for 
making diamond tools Without deterioration. Diamonds hav 
ing a loWer amount of inclusions can also Wear sloWer at the 
cutting tips Where heat is generated. 
[0006] Diamond grits are typically groWn by converting 
graphite to diamond under catalytic action of a molten metal. 
The molten metal also serves as a solvent of carbon. Typical 
catalysts used to synthesis diamond include iron, nickel, 
cobalt, manganese or their alloys. The groWth rate of diamond 
is controlled by pressure and temperature. Typically, the 
loWer the over-pressure required to make diamond stable 
and/or the loWer the over-temperature needed to melt the 
catalyst metal, the sloWer the groWth rate. For example, to 
groW saW grits in a molten alloy of iron and nickel of Invar 
composition (Fe65-Ni35), the pressure is about 5.2 GPa and 
temperature is about 12700 C. 
[0007] Once the groWth rate is determined for synthesiZing 
a certain quality of grade of diamond, its siZe can be deter 
mined by the groWth time. Because the saW grits are much 
larger than grinding grits, they require much longer groWth 
time. For example, the groWth of 30/40 mesh may require 45 
minutes; and 40/ 50 mesh, 25 minutes. In contrast, the groWth 
of 100/120 mesh may need 2 minutes; and 200/230, 1 minute. 
Micron diamond is typically produced by pulveriZing larger 
diamond, particularly, larger diamonds With a large amount of 
defects. 
[0008] As the time for diamond groWth increases, the more 
dif?cult it is to control pressure and temperature. HoWever, 
under ultrahigh pres sure conditions during crystal groWth, the 
pressure tends to continually decay due to the volume con 
traction associated With diamond formation. Further, tem 
peratures Within the groWth regions can increase due to 
increases in electrical resistance associated With the diamond 
formation. Hence, it is very dif?cult to maintain optimal 
conditions of pressure and temperature for homogeneous 
groWth of diamond grits. SaW diamond grits are typically 
groWn under ultrahigh pres sure over a much longer time, e. g., 
40 minutes than that required to groW smaller grinding grits, 
e.g., about 1 minute. Consequently, saW diamond grits are 
very dif?cult to groW, particularly those having high quality. 
SaW grits With high impact strength are characterized by a 
euhedral crystal shape and very loW inclusions of either metal 
or graphite. Hence, very tight controls of pressure and tem 
perature are required over extended periods of time to pro 
duce high quality diamonds. 
[0009] These di?iculties partially account for the abun 
dance of companies Which can groW saW grits, While very feW 
companies are capable of groWing high grade saW grits hav 
ing larger siZes. As a result, very feW companies can master 
the technology of groWing coarse saW grits, in particular, 
those With high quality, high impact strength, and high ther 
mal stability. 
[0010] Typical methods for synthesiZing larger high quality 
diamonds involve ensuring uniformity of raW materials such 
as graphite and metal catalyst and carefully controlling pro 
cess temperature and pressures. High pressure high tempera 
ture (HPHT) processes used in diamond groWth can employ 
reaction volumes of over 200 cm3 . Most often, the graphite to 
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diamond conversion in the reaction volume can be up to about 
30%. Unfortunately, typical processes also result in the crys 
tals having external ?aWs, e.g., rough surfaces, and undesir 
able inclusions, e.g., metal and carbon inclusions. Therefore, 
increased costs are incurred in segregating acceptable high 
strength diamonds from Weaker, poor quality diamonds. 
[0011] One major factor to consider in diamond synthesis 
of high grade saW diamonds is providing conditions such that 
nucleation of diamond occurs uniformly and nearly simulta 
neously. Random nucleation methods typically alloW some 
regions of raW materials to be Wasted While other regions are 
densely packed With diamond crystals having a high percent 
age of defects. Some diamond synthesis methods have 
improved nucleation uniformity someWhat; hoWever, during 
diamond groWth local changes in pressure can occur. If heat 
ing is accomplished by passing electrical current directly 
through the reaction cell, then diamond groWth can also inter 
fere With the electrical current used to control heating. The 
results of such interference are non-uniformities and ?uctua 
tions in the temperature and pressure gradients across the 
reaction cell and thus a Wide distribution of crystal siZes, 
crystal shapes, and inclusion levels. Despite these di?iculties, 
by providing highly homogeneous starting materials and 
carefully controlling process conditions, the volume e?i 
ciency of the reaction cell is still typically less than 2 to 3 
carats per cubic centimeter. This marginal yield still Wastes 
large amounts of raW materials, reduces production ef?cien 
cies, and leaves considerable room for improvement. 

[0012] Other methods for synthesizing large industrial dia 
mond particles include forming layers of solid disks of graph 
ite and/ or catalyst. Diamond nucleation then occurs at the 
interface betWeen graphite and catalyst layers. HoWever, such 
materials are intrinsically heterogeneous. For example, the 
?ring temperature for graphite rods that are cut into disks can 
vary from region to region, thus affecting the microstructure 
and composition of the disk. Further, during mechanical for 
mation of graphite into a rod, the graphite micro structure can 
change, e.g., the outer regions exhibit a skin effect during 
extrusion. As a result, graphite disks tend to have regions 
Which vary in porosity, degree of graphitiZation, ash content, 
and the like. Similarly, catalyst disks have varying alloy com 
position as metal atoms and crystal structure tend to segregate 
during cooling. Additionally, during extrusion and mechani 
cal forming processes the alloy composition in various 
regions changes even further. As a result, local concentrations 
and properties of graphite and catalyst metals can vary by 
several percent across solid disks. Diamonds groWn under 
such conditions tend to nucleate at different times and expe 
rience varying groWth rates, thus producing diamonds having 
a Wide siZe distribution and increasing the number of ?aWed 
diamonds due to intergroWth, overgroWth, i.e. fast groWth 
rates, and uneven groWth, i.e. asymmetric groWth, as shoWn in 
FIGS. 19A, 19B, and 22. 
[0013] Recently, efforts have been made in using poWdered 
materials to further increase yields of industrial diamond 
particles. These methods attempt to uniformly mix graphite 
and catalyst poWders to achieve improved diamond nucle 
ation. HoWever, diamond nucleation still occurs randomly, 
i.e. broad siZe distribution, but someWhat uniformly through 
out the poWder under HPHT conditions, as shoWn in FIG. 23. 
Such methods have met With some success and have resulted 
in improved yields of up to 3 carat/cm3 . Further, yields of high 
quality diamond of speci?c siZes have also improved up to 
?ve times over those achievable using conventional layered 
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disk methods. HoWever, poWdered mixture methods can be 
dif?cult to control. For example, the density of graphite and 
metal catalyst materials differ signi?cantly, making uniform 
mixing very dif?cult. In addition, poWdered mixture methods 
generally require even more strict control of process condi 
tions than in layered methods. 
[0014] Therefore, methods Which further increase the qual 
ity and yields of large diamond particles suitable for commer 
cial use continue to be sought through research and develop 
ment. 

SUMMARY OF THE INVENTION 

[0015] It has been recogniZed by the inventor that it Would 
be advantageous to develop a method for synthesiZing 
superabrasive particles Which provides high quality industrial 
superabrasive particles With a high yield and narroW siZe 
distribution. 
[0016] In one aspect, the present invention resolves the 
problems set forth above by providing a method for synthe 
siZing superabrasive particles. The above method can include 
forming at least a portion of a groWth precursor. The groWth 
precursor can include a raW material and a particulate catalyst 
material. Crystalline seeds can be arranged in a predeter 
mined pattern on a layer of adhesive. The layer of adhesive 
can coat at least a portion of the groWth precursor. In some 
embodiments, the groWth precursor can be a substantially 
homogenous mixture of particulate raW material and particu 
late catalyst material. Alternatively, the groWth precursor can 
comprise layers of raW material and catalyst material. 
[0017] The layer of adhesive can be coated over the groWth 
precursor by any number of methods such as, but not limited 
to, spraying, ?lm coating, spin coating, and the like. 
[0018] The method of the present invention can be applied 
to formation of superabrasives such as diamond and cubic 
boron nitride (cBN). In either case, the crystalline seed can be 
diamond seed, cBN seed, SiC seed, or combinations thereof. 
[0019] Suitable catalyst materials for diamond synthesis 
can include carbon solvents such as Fe, Ni, Co, Mn, Cr, and 
alloys thereof. Alloys of iron and nickel have proven useful in 
connection With the present invention and are readily com 
mercially available. Catalyst materials suitable for cBN syn 
thesis can include alkali, alkali earth metal, and compounds 
thereof. 
[0020] The composition of the raW material can depend on 
the type of superabrasive being synthesiZed. Diamond syn 
thesis typically involves using a carbon source. In another 
detailed aspect of the present invention, the carbon source can 
be primarily graphite. Further, in accordance With the present 
invention, the degree of graphitiZation can preferably be 
greater than 0.50. The carbon source can be formed as a 
particulate layer or as a solid plate of graphite. Similarly, the 
raW material suitable for cBN synthesis can be a hexagonal 
boron nitride source. 

[0021] In another aspect of the present invention, the 
groWth precursor can include a plurality of alternating raW 
material and catalyst layers. Depending on the reaction vol 
ume of the HPHT apparatus used, the number of layers can 
vary from a single layer to thirty layers or more. In yet another 
detailed aspect, the groWth precursor can include a plurality 
of particulate catalyst layers each having a plurality of crys 
talline seeds placed in a predetermined pattern. These prede 
termined patterns can involve crystalline seeds of different 
siZes or type. Further, the predetermined pattern can involve 
crystalline seed placement Within each layer and speci?c 
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patterns With respect to patterns of crystalline seeds among 
layers, Which patterns can differ from layer to layer. 

[0022] Appropriate growth conditions can be maintained 
using any number of known HPHT apparatuses such as, but 
not limited to, belt apparatus, cubic press, toroidal apparatus, 
sliding anvils, split sphere, split die, and the like. Using such 
devices, the groWth precursor can be maintained at a tempera 
ture and pressure at Which diamond or cBN is thermodynami 
cally stable for a time su?icient for groWth of the superabra 
sive. Advantageously, placing the crystalline seeds at least 
partially in a particulate catalyst layer provides highly uni 
form groWth conditions Which are less demanding than is 
required in typical synthesis processes. Thus, the placement 
of crystalline seeds in a predetermined pattern helps to 
improve uniformity of crystal groWth, nucleation times, and 
reduces intergroWth of crystals and non-groWing regions, 
While providing a particulate catalyst layer aids in increasing 
uniformity of crystalline groWth With feW defects. 
[0023] In accordance With yet another aspect of the present 
invention, the crystalline seeds can be placed in a predeter 
mined pattern using any number of methods. One method 
involves placing a template having a pattern of apertures upon 
the adhesive layer. Each of the apertures can be con?gured to 
receive a single crystalline seed. The apertures can then be 
?lled With the crystalline seeds. Optionally, the crystalline 
seeds can then be pressed at least partially into the groWth 
precursor. 

[0024] In an alternative embodiment, a transfer sheet can be 
used to place the crystalline seeds in a predetermined pattern 
on the adhesive layer. In still another alternative embodiment, 
a vacuum chuck can be used to orient and place the crystalline 
seeds in the predetermined pattern. The adhesive layer can 
preferably be an organic binder Which minimiZes shifting or 
movement of the crystalline seeds during subsequent 
manipulation of the groWth precursor. Such a method can 
reduce disruption of the predetermined pattern When the tem 
plate is removed, When pressure is applied to the crystalline 
seeds, and/or When the groWth precursor is moved during 
processing, e.g. oriented adhesive side doWn. 
[0025] In accordance With yet another aspect of the inven 
tion, the crystalline seeds can be groWn having various mor 
phologies. Diamond groWth can be controlled by preferen 
tially groWing diamond to existing crystal faces through 
careful temperature control under pres sure, resulting in vari 
ous morphologies including octahedral and cubic. 

[0026] The groWn superabrasives of the present invention 
have a high yield of high quality diamond particles and a 
narroW distribution of diamond siZes. Typically, yields of 
diamond particles can range from about 30% to about 80% 
conversion of carbon to diamond can be expected. Further, 
the percent of high quality diamond can range from 50% to 
about 90% of the total yield. As a further example of the 
effectiveness of the present invention, the groWn diamonds of 
the present invention can have a narroW siZe distribution With 
a standard deviation less than half of conventional methods 
described above. Also, the groWn diamonds of the present 
invention can have signi?cantly feWer inclusions. 

[0027] There has thus been outlined, rather broadly, various 
features of the invention so that the detailed description 
thereof that folloWs may be better understood, and so that the 
present contribution to the art may be better appreciated. 
Other features of the present invention Will become more 
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clear from the folloWing detailed description of the invention, 
taken With the accompanying claims, or may be learned by the 
practice of the invention. 
[0028] Additional features and advantages of the invention 
Will be apparent from the detailed description Which folloWs, 
taken in conjunction With the accompanying draWings, Which 
together illustrate, by Way of example, features of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a side vieW of a raW material layer and 
particulate catalyst layer having a template thereon in accor 
dance With an embodiment of the present invention; 
[0030] FIG. 2A is a top vieW of a template in accordance 
With an embodiment of the present invention; 
[0031] FIG. 2B is a top vieW ofa template in accordance 
With another embodiment of the present invention; 
[0032] FIG. 3 is a side vieW of the assembly of FIG. 1 
having crystalline seeds placed in a predetermined pattern in 
accordance With an embodiment of the present invention; 
[0033] FIG. 4 is a side vieW of pressing the crystalline seeds 
into the catalyst layer in accordance With an embodiment of 
the present invention; 
[0034] FIG. 5 is a side vieW of a groWth precursor in accor 
dance With an embodiment of the present invention; 
[0035] FIG. 6 is a side vieW of a multi-layered groWth 
precursor in accordance With an embodiment of the present 
invention; 
[0036] FIG. 7 is a side vieW of a multi-layered groWth 
precursor in accordance With an alternative embodiment of 
the present invention; 
[0037] FIGS. 8A and 8B are photomicrographs of nickel 
coated diamond seeds for use in one embodiment of the 
present invention; 
[0038] FIG. 9A is a perspective vieW of a single octahedral 
(l l 1) face of diamond; 
[0039] FIG. 9B is a perspective vieW of a single carbon 
atom having a single unbonded electron; 
[0040] FIG. 9C is a perspective vieW of a puckered gra 
phitic plane; 
[0041] FIG. 10A is a perspective vieW of graphitic planes; 
[0042] FIG. 10B is a perspective vieW of diamond-like 
carbon formed from the graphitic planes of FIG. 10A; 
[0043] FIG. 10C is a perspective vieW of diamond formed 
from the diamond-like carbon of FIG. 10B; 
[0044] FIG. 11A is a perspective vieW of a single cubic 
(100) face of diamond; 
[0045] FIG. 11B is a perspective vieW ofa single carbon 
atom having tWo unbonded electrons; 
[0046] FIG. 11C is a perspective vieW of diamond groWn 
along the cubic face; 
[0047] FIG. 12A is a side cross-sectional vieW of a groWing 
diamond having a continuous catalyst envelope in accordance 
With one embodiment of the present invention; 
[0048] FIG. 12B is an expanded side cross-sectional vieW 
of feature 36 shoWing a groWing cubic face of diamond in 
accordance With one embodiment of the present invention; 
[0049] FIG. 12C is an expanded side cross-sectional vieW 
of feature 38 shoWing a groWing octahedral face of diamond 
in accordance With one embodiment of the present invention; 
[0050] FIG. 13A is a side cross-sectional vieW of a groWing 
diamond dominated by groWth on the octahedral faces to 
form a more cubic diamond in accordance With one embodi 

ment of the present invention; 
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[0051] FIG. 13B is a side cross-sectional vieW ofa growing 
diamond dominated by growth on the cubic faces to form a 
more octahedral diamond in accordance With one embodi 

ment of the present invention; 

[0052] FIG. 14 is a series of crystal morphologies of dia 
mond and corresponding groWth parameters; 
[0053] FIG. 15 is a photomicrograph ofa number of cubo 
octahedral diamonds; 
[0054] FIG. 16 is a graph illustrating a number of groWth 
considerations and effects in using the methods of the present 

invention; 
[0055] FIG. 17 shoWs a side vieW of a portion ofa multi 
layered assembly such as shoWn in FIG. 6 after HPHT pro 
cessing and identifying various aspects of crystalline groWth 
in accordance With an embodiment of the present invention; 

[0056] FIG. 18 is a photomicrograph of a groWn diamond 
assembly in accordance With the present invention, Which 
exhibits highly uniform siZe distribution and uniform crystal 
shapes. 
[0057] FIG. 19A is a photomicrograph of a groWn diamond 
assembly in accordance With the prior art, Which exhibits 
non-uniform siZe distribution and non-uniform crystal 
shapes; 
[0058] FIG. 19B is a photomicrograph of unsorted and 
unsiZed diamonds recovered from the assembly of FIG. 19A; 

[0059] FIG. 20A is a photomicrograph of a groWn diamond 
assembly in accordance With one embodiment of the present 
invention, Which exhibits highly uniform siZe distribution and 
uniform crystal shapes; 
[0060] FIG. 20B is a photomicrograph of unsorted and 
unsiZed cubo-octahedral diamonds recovered from the 
assembly of FIG. 20A; 
[0061] FIG. 21A is a photomicrograph of a groWn diamond 
assembly in accordance With one embodiment of the present 
invention, Which exhibits highly uniform siZe distribution and 
uniform crystal shapes; 
[0062] FIG. 21B is a photomicrograph of unsorted and 
unsiZed diamonds recovered from the assembly of FIG. 21A 
Which are predominantly octahedral diamonds; 

[0063] FIG. 22 is a photomicrograph of a conventional 
diamond assembly groWn from an alternating plate method 
Which highlights the non-uniform siZe distribution and non 
uniform crystal shapes; and 
[0064] FIG. 23 is a photomicrograph of a diamond assem 
bly groWn using knoWn poWdered methods Which shoW some 
improvement over conventional methods, hoWever still suffer 
from someWhat non-uniform siZe distributions and non-uni 
form crystal shapes. 
[0065] FIG. 24 is a photograph ofa post-groWth mass hav 
ing offset patterns of diamond crystals as described in 
Example 13. 
[0066] FIG. 25 is a photomicrograph of the post-groWth 
mass of diamond particles having a predominantly cubic 
morphology and an average siZe of about 500 pm in accor 
dance With Example 13. 

[0067] FIG. 26 is an additional photomicrograph of the 
post-groWth mass of FIG. 24 shoWing cubic diamonds prior to 
recovery. 
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[0068] FIG. 27 illustrates a collection of unsorted dia 
monds having a predominantly cubic morphology produced 
from Example 13. 

DETAILED DESCRIPTION 

[0069] Reference Will noW be made to the exemplary 
embodiments illustrated in the draWings, and speci?c lan 
guage Will be used herein to describe the same. It Will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended. Alterations and further modi 
?cations of the inventive features, process steps, and materi 
als illustrated herein, and additional applications of the prin 
ciples of the inventions as illustrated herein, Which Would 
occur to one skilled in the relevant art and having possession 
of this disclosure, are to be considered Within the scope of the 
invention. It should also be understood that terminology 
employed herein is used for the purpose of describing par 
ticular embodiments only and is not intended to be limiting. 

A. DEFINITIONS 

[0070] In describing and claiming the present invention, the 
folloWing terminology Will be used. 
[0071] The singular forms “a,” “an,” and “the” include plu 
ral referents unless the context clearly dictates otherWise. 
Thus, for example, reference to “a matrix material” includes 
reference to one or more of such materials, and reference to 
“an alloy” includes reference to one or more of such alloys. 
[0072] As used herein, “particulate” When used With 
respect to layers indicates that the layer is formed of particu 
lates. Typically, particulate layers of the present invention can 
be loose poWder, packed poWder, or compacted poWder hav 
ing substantially no sintered particles. These particulate lay 
ers can be porous or semi-porous compacts. Compacted par 
ticulate layers can be formed using any knoWn compaction 
process such as, but not limited to, Wet or dry cold compaction 
such as cold isostatic pressing, die compacting, rolling, injec 
tion molding, slip casting, and the like. The particulate mate 
rials used in the present invention such as graphite and metal 
catalyst poWders can be preferably handled and stored in an 
inert environment in order to prevent oxidation and contami 
nation. 
[0073] As used herein, “substantially free of’ or the like 
refers to the lack of an identi?ed element or agent in a com 
position. Particularly, elements that are identi?ed as being 
“substantially free of” are either completely absent from the 
composition, or are included only in amounts Which are small 
enough so as to have no measurable effect on the composi 
tion. 
[0074] As used herein, “predetermined pattern” refers to a 
non-random pattern that is identi?ed prior to formation of a 
precursor, and Which individually places or locates each crys 
talline seed in a de?ned relationship With the other crystalline 
seeds. For example, “placing diamond seeds in a predeter 
mined pattern” Would refer to positioning individual particles 
at speci?c non-random and pre-selected positions. Further, 
such patterns are not limited to uniform grid or offset honey 
comb patterns but may include any number of con?gurations 
based on the groWth conditions and materials used. 
[0075] As used herein, “uniform grid pattern” refers to a 
pattern of diamond particles that are evenly spaced from one 
another in all directions. 
[0076] As used herein, “substrate” refers to a solid metal 
material. While many solid metal materials may be a product 


























