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: A typical superabrasive tool, such as a diamond saw blade, is mamfactured by
mixing diamond particles (e.g., 40/50 U.S. mesh saw grit) with a suitable metal
support matrix powder (e.g., cobalt powder of 1.5 micrometer in size). The mixture is
then compressed in 2 mold to form the right shape (e.g., 2 saw segment). This
“green” form of the tool is then consolidated by sintering at a temperature between
700-1200 °C to form a single body with a plurality of abrasive particles disposed

therein. Finally, the consolidated body is attached (e.g., by traditional brazing or

~ soldering) to a tool body; such as the round blade of a saw, to form the final product.

Despite their_ prevailing use, diamond tools generally suffer from several
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_ Often the tool may include a matrix support material, such as a metal powder,
which holds or supports the diamond particles. However, because diamond or cubic
boron nitride is much larger than the matrix powder (300 times in the above example

for making saw segments), and it is much lighter than the latter (about 1/3 in density
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. attachment and inadequate support. Most of these diamond losses could be avoided if
the diamond particles can be properly positioned in and firmly attached to the
surrounding matrix.

In order to maximize the mechanical hold on the diamond grits, they are

generally buried deep in the substrate matrix. As a result, the protrusion of the '
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if easy to work with for securing the diamond particles. However, the melting point

of aluminum can be approached when diamond grit is cutting aggressively. Hence,
aluminum may become too soft to support the diamond grit during the cutting
-operation. Moreover, aluminum tends to form the carbide Al4Cs at the interface with

diamond. This carbide is easily hydrolyzed so it may be disintegrated when exposed
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Hence, the infiltrant often contains a low meliing point constitnent, such as zinc (Zn).
In addition to lowering the melting point of the infilirant, the low melting point

- constituent also reduces the viscosity so the infiltrant can flow with ease. However,

as most carbide formers tend to increase the melting point of the infiltrant, they are
excluded from most infiltrants. As a result, these infiltrants cannot improve the _
bonding of diamond. '
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In addition to the above-recited issues with particle retention and distribution,
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redundant superabrasive grits as a back up. _
Therefore, the cost of naking the netal bond di anond
or other superabrasive tools can be mnimzed by
reducing the overall anount of superabrasive particles
needed. Al so disclosed is a process involving

provi ding a substrate, and then brazing a plurality
of superabrasive particles directly to an exposed
surface of the substrate in accordance with a
predeterm ned pattern, thus chem cally bonding the

di anond particles in place on the substrate with a
brazing alloy. The brazing alloy nay be provided as a
| ayer of anorphous braze alloy, a powder, or rolled
continuous film In exanple enbodi nents, the brazing
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chem cally bond with the superabrasive 27 March 2007
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Use of the template also provides the ability to uniformly space the abrasive
particles on the substrate. Uniform spacing and uniform size of each abrasive particle

is ensured through the use of a template as described above. Further, the use of a
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FIG. 6A shows a segment from a super abrasive tool formed by a plurality of
* linear, longitudinal layers disposed adjacent one another to form a three-dimensional
Super abrasive member;
FIG. 6B shows a cross-sectional view of one typical configuration of the tool
- segment shown in FIG. 6A, wherein a layer formed by a matrix support material and
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dimensional super abrasive member;
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nevertheless be understood that no limitation of the scope of the invention is thereby
intended. Alterations and further modifications of the inventive features, process
‘steps, and materials illustrated herein, and additional applications of the principles 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 particular embodiments only and is not intended to be
limiting.
A, Definitions )
In describing and claiming the present invention, the following terminology

will be used.
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As used herein, “matrix,” “matrix support material,” “matrix support layer,”

and “matrix material,” may be used interchangeably, and refer to a non-sintered
particulate material to which superabrasive particles may be bonded. Notably,
sintering or consolidation of the particulate material may occur during a process of
chemically bonding superabrasive particles thereto. In one aspect, the superabrasive
particles may be bonded or fixed to a surface of the matrix. In another aspect, the
superabrasive particles may be fixed or planted into the matrix. In yet another aspect,
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- super hard crystalline, or polycrystalline substance, or mixture of substances and

include but are not limited to diamond, polycrystalline diamond (PCD), cubic boron
nitride (CBN), and polycrystalline cubic boron nitride (PCBN). Further, the terms

“abrasive particle,” “grit,” “diamond,” “PCD,” “CBN,” and “PCBN,” may be used
interchangeably. |
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should be interpreted to include not only the explicitly recited concentration limits of
1% wiw to about 4.5% w/w, but also to include individual concentrations such as 2%
wiw, 3% wiw, 4% w/w, and sub-ranges such as 1% w/w to 3% wiw, 2% w/w to

4%w/w, etc. The same principle applies to ranges reciting only one numerical value,

such as “less than about 4.5% w/w,” which should be interpreted to include all of the
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either be sufficiently configured to act as a tool body, or may be further coupled to a
substrate to form a complete tool.

In another alternative embodiment, the abrasive pérticles may be temporarily
affixed to a substrate with an acrylic glue, or other adhesive using the template as

described below in order to prevent movement dﬁring the brazing process. Most

- common adhesives will vaporize at temperatures above about 400° C and do not

chemically react with the braze alloy or superabrasive particles.
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URgietin @&t dndiphous form of the alloy. However, the ori glnally amorphous braze
may form non-homogeneous phases during crystallization via the slower cooliﬁg
process. Generally, amorphous alloys are formed by quickly quenching the liquid
into a solid to avoid localized crystallization and variations in composition. Notably,

in each of the processes recited herein, the brazing alloy may be presented as either a
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adortibs i Bde@s titlbie, bt dilcon. In one aspect, the brazmg alloy may

include chromiwm. In another aspect, the braz{ng alloy may include a mixture of

copper and manganese. In an additional aspect, the amount of chromium, manganese,
and silicon may be at least about 5 percent by weight, In another aspect, the alloy
may include a mixture of copper and silicon. In yet another aspect, the alloy may

include a mixture of aluminum and silicon. In a further aspect, the alloy may include
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el aborated below. 10 It is desirable to make tlﬁMarch2007
sheets pliable for subsequent treat ments (e.qg.

bendi ng over the tool substrai Ther ef or e, a

sui tabl e organic plasticizer“tan also be added to
PTOMixfRe 51*1?01@?&:1{1%951:0& hﬁf ﬁféih@f ésﬁ&dt Q-Ee alibh eraySeclede a mixture of
organi ¢ agents for powd (rmetal, plastics, or

C eNCppAr exy) titpmibwessi ng |s docurrent ed in many textbooks
and it pi | Goith Weignt BF 4 carBlide
Typi ca?keg %@ rﬂs}gl nCBn@Ura%Jki%y%F%ga ﬂegﬁcgﬂg %
pdbiymnglmbmbutsy}eabd @PMBble oromotgnezsm -] nhrogm}tg,dpar(gﬁ@@ silicon,

ffi i |
; dufien bag B T8 nd el e i 2R i ddmone
Etﬂﬂ@zﬁ@houlrfimb aniguidhs tesiphatued ditylhsﬁ ttean 1,1001 @ ecns/mdec_la@mﬁe to the
ic asticizers are et i et
oxbraid ding e By s @rogHy L Bﬁ“ﬂ% i a7 i etect b PAnbbbous
g |b¥£z%[c%‘ oy Ralchmdil bhadut GentiiNew engRrinEe RGARNLDEhOus brazing

intro

uced 20 are to facilitate the fabr
iy IS maGgtuads Homereiirsme s IR GAL LRk

¢ Q:Bﬁl !)élﬁjo?t "I‘B@se%xl Q%fe &lard DOHES. 6017 ﬁﬁ&m@és@ﬁ@ 'Eypﬁcﬁﬁ?ﬁfélt at

proc ating In a furnace w't
atbmwplhé:routl Gbﬁ’ft(}@id)abp@ 1411§?)Cwell known to those

e vbe. e Heltroril 0GABRPEL cak S)up%éotgg%@d oy
C ammpmar@ lshoh a\uadérabdamlmn\tgdmaﬁa abma 2@’ mhrL mymemmnmphe,ms

itabl e Se wt resent Nt |
kb 4T ot Sod i e e ST (b ibeed G
3 Sl htiBpheRs nthy Mcdale G idfl@fionIf ﬂle\bta%ngraﬁny indo thia xiafikm
of 0.06 vvt%carg and, bal ange nli‘rel) made by \Val |

C@unp@ﬁ@w@@bﬁawerqﬁﬁaq egbncpdeghe r
|D cﬁﬁ’é e all oys i ncl uded copper, aI um num and ni ckel
al

oys~ containing _chrom um nanganese, titani um_ and
si | i coRefetrimgoww taSedd asumgratlgrlghsrsgleqpqmdqﬁgxyplg@ 110 is laid

' n C . ﬂ %}Eé 0 %ubﬁtira | 'fheatnlglbﬂ%rl 182BfiShs aﬂeﬁ‘ﬁrep q %ihglgar@ia}é%y

per and manganese. I'n an
adﬁlntoh@n@brahﬁp@e pamblhﬁaua Emaltdr thaﬁ twh stoasivenartinkesgiieete,

Al PR BBl O iR 6 Py kPP B R e, The

C HO@Ess ¥R theIbrhplaRs prbfe:ramt bedRei N &Y to2sPpefahe hdigie ofithe ayerage
include a m xture of alum numand, silicon. In a

f agl’@ﬁ@rpaﬁ%%% Jdowevss other tcknasses PR Redisedtf 2RRIPRYES 007
2% mF{ o’&ﬁtiﬁn@ a&f {5[ ‘?‘gxeé tﬁ%d(héhﬂrbs?ﬁ articles 31 [A84red 3008 Edns.
e a ncil u

xture of copper and
t i metmpect%r émfeeladbiess ofttﬂmetemmamﬂy tsrua e et Hmes thgheight of

ast 3% g r
< SR abede PR o afenfe G318t Btvied B ARpF IS abtrateto
MBFIgaAs feratiradiveitticlesin @lat:ammﬂgltheabrdzmg pmwsam and

alloy SA% A dthmegatpija[cg 1 Ot 1? glro%gr y p(;AS\I %ht aTa%lerl 3 abtrarégre %'ar%%g 9

is then spread over the template so that each aperiure 114 receives an abrasive
particle. Those particles not falling into the apertures in the template are removed by
tilting the substrate, sweeping the template with a broom, or some other similar
method. Optionally, a generally flat surface, such as a steel plate, may then be laid
over the superabrasive particles, which rest in the apertures in the template. The flat
surface presses the superabrasive particles to seat the particles. The pressed particles
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_ After the template 110 is place on the brazing alloy sheet, the apertures 114
are filled with abrasive particles 20. The aperhli‘es have a predetermined size, so that

only one abrasive particle will fit in each. Any size of abrasive particle, or grit is

- acceptable, however in one aspect of the invention, the particle sizes maybe from

about 100 to about 350 micrometers in diameter, Although various aperture sizes and
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While the method described above to press the superabrasive particles into the

brazing alloy is preferred for many applications, there are instances where it is

~ desirable to have the abrasive particles extend outwardly from the sheet of brazing

alloy. For example, some tools may only have one layer of abrasive. This can be

7
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The above-recited examples of diamond brazes cover a wide range of
mechanical properties and infiltration or sintering temperatures (generally about 50°C

above the liquidus temperature). Various alloys of these brazes may also be used for
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It is important that the brazing temperature be kept lower than the melting
point of the substrate so the tool body can maintain the shape during the brazing of the
superabrasive particles. Moreover, the brazing temperature must also be low enough
to not cause diamond to degrade, typically less than about 1,100° C. For
embodiments involving infiltration, a temperature typically 50° C above the liquidus-
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After brazing, the produced part (e.g., a saw'segment) may be trimmed (e.g.,
i)y grinding) to the finished dimension. Tt can then be mounted (e.g., by conventional
brazing) onto a tool body (e.g., 2 round steel blade) to make a finished product.

As discussed above, this invention uses a diamond braze that wets the matrix
support material of a diamond tool. Most diamond brazes can wet easily common

reatrix support materials with major constituents of cobalt, nickel, iron, copper or
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diamond particles 20 constltute less than 50 percent of the matrix support material-

diamond mixture, and more preferably less than 40 percent. Keeping the amount of

diamond particles to the minimum helps to minimize cost while optimizing the useful

life of the product: Although FIGS. 6A through 9 show discrete layers of matrix

support material, the ﬁpal sintered tool segment is essentially a continuous metal
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The present invention further improves the above technique by infiltrating the
matrix support material with a braze which is selected to chemically bond to the
diamond patticles and to the matrix support material. Thus, while the placement of
the diamond particles shown in FIG. 6A is a marked improvement over the prior art,

~ an additional increase in the useful life of segment 10 is obtained by utilizing 2 braze
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Mar ch @3 the sheet 100 of matrix support material 104 is formed, a template 110 is
laid on the top of the sheet as shown in FIG. 10A. The template 110 contains
apertures 114 that are larger than one abrasive particle 20, but smaller than two
abrasive particles, thereby allowing a single particle of the abrasive to be disposed at
each speciﬁcrlocation. The thickness of the template is preferably between 1/3 to 2/3
of the height of the average abrasive particle 20, However, other thicknesses may be
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placed on a thin substrate or sheet of matrix support material 107. The superabrasive
particles 20 are then placed in the apertures and fixed in position with an adhesive or

the like. As before, the flat surface may be contoured to accommodate various tool

configurations. The template 114 may then be removed. A sheet of amorphous

-brazing alloy 106 is then placed over the superabrasive particles 20 as shown in FIG.

12B to form a single layer segment 15. In an alternative embodiment, the sheet of
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A5bvRieS Of felEiticn RS Re layer of metal 107 and the sheet of braze alloy 106 may
be of varying thickness. The thickness of the layer of metal 107 and/or the sheet of
brazing alloy may be less than the diameter of the superabrasive particles 20, as
shown in FIG. 12A or either may be thicker than the diameter of the superabrasive

- particles used.

During the heating process the precursor assembly is heated to just over the

- liquidus temperature to allow the braze alloy to flow somewhat. Maintaining the
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and placed into a typical graphite mold for making conventional diamond saw
segments. The assembled segments were pressed and heated by passing electric
current through the graphite mold. After sintering for three minutes, the segments

were consolidated to a height of 9 mm with less then 1% porosity. Twenty-four
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of 14 inches in diameter. These five blades were used for cutting granites and found
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- General Electric Company was positively planted into these metal layers according to
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onto the steel sleeve. 1,000 of such diamond beads were fitted over 5 mm steel cable
that contained 7 x 19 wires, and they are spaced by plastic coating formed by injection
'molding. The wire was 25 meters long and it was joined end-to-end to form a loop.
This wire saw was used to cut granite blocks (3.5 meter long by 1.8 meter high) of all
grades. The life achisved was 0.5 square meter cut surface per diamond bead
consumed (0.5 carat). This area cut is twice of that cut by conventional diamond
beads made by a powder metallurgical method.

- Example 8

This is the same as example 7, except many diamond impregnated layers were
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a pellet of 20 mm diameter by 8 mm thickness. Many of these pallets were brazed in
a vacuum furnace. More than 3000 of such pallets were mounted on floor grinding

- machines to grind_stone and wood floors. The results indicate that the grinding speed
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could be three times faster than conventional diamond grinders.
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cold pressed to form a sheet and heated to 400°C for 30 minutes in air to burn out
most of the organic binder. The preform is then placed in a vacuum oven maintained
at a pressure of 107 torr. Heating is applied to 2 temperature of 1010°C for12
- minutes. After the LM was completely melted and it infiltrated (or metal sintered by
- the aid of molten 1. M) the solid metal powder the consolidated mass is cooled. After

cooling the consolidated mass is taken out of the oven and tested for hardness and
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these sheets using a template that contained holes of proper size in fixed positions.
These sheets were cut to a size of 40 mm Iong by 8 mm wide. Five of these cut sheets
were stacked togethei' with three center layers that contained 30/40 mesh diamond.
The assembly was hot pressed in a graphite mold at 400 atm and 900°C. After

" cooling, the segments were brazed onto circular steel blades. The blades with matrices
containing 80LM/20Cu and 80LM/10Fe/10Cu performed satisfactorily.
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repeated until a thickness of 0.15 mm was achieved. After the coating is dried, a
template with holes drilled to form a square grid with a distance of 0.5 mm between
holes is placed on the substrate. 100/120 mesh diamonds are then placed on the
substrate to form the predetermined grid pattern. The template is then removed
leaving the diamond particles adhered to the surface. The binder is then removed by
heating in an oven in air at 200° C for 2 hours. The assembly is then heated in a
vacuum to 1,005° C for 10 minutes. Diring this process, the molten braze has wetted
the diamond and capillary force has pulled down the diamond particles to touch the
substrate. The results are diamond pallets with diamoﬁd firmly brazed to form a
'wetting slope and these diamond crystals form a predetermined pattern of grid. The
resulting tool is well suited for use in CMP applications. '




100, 000 of such beads were manufactured. They Wen&...h2007
used to cut granite or marble wth superior

performance. Exanple 15 15 This is the same as exanple
12, except the dianond grits were 80/100 nesh, and

t héixdinple@id pl anted | ayer was used to cover the

surfacepf .a.flat di sk qf inches _in dianeter. 4

such dr 16 ik o fetemle 1 tBb onite i o m Al product
dr espplich by BMA Colebesyias NICROKHEREChani cal  pol i shing) pad

thg_ Eoll izéhed silicon wafers. The result indicated
th ef ficiency was nuch inproved and the

5condi t i PRigEs 18s!ahrsk 8fhngf ; QR atd i
made by ei tsher el ectropI%f?%é&gﬁmg?%?%qﬂg%@e&%@

VaNICROPRAOAN gowgies inobmgthanalberostesohition gerdeiniag Nahigau resin
br @ smadchrdSinFaigiigh,W th el ther iron powder (Fe),

copper powder , or both in various proportions
(tgéﬂmﬂﬁﬂlomﬁng refer to the weight percentage of the

T L L I e

10 7 2Hddegell 2OURF- A0folVRRWEN,00 BNl ickO WtiéGives 210 puilbh¥d bkt f the

15

20

25

30

¢ iaf AP BLBLR woindRaidess sebiStiite. doismpiign s brn gseiis emnge
| S80/900hekhakfisoh Paitielel BY IBredebdiRBled 3RH phARAL SPhelRseABRSs then

for 30 mnutes_in air to bumout “noSt of the organic

bid5a¥ed 2pddegpdingvaryum fumace 9l meltie ipHoyand doud e diamond to

b0 30 0l 0o SRR ol i Bab R oA . e
Afresaftingpieol dpmopstraics thpl the polishinglrate darcbedsusthineduhiitlt longee than

: | ' f | t th lid
e S SR
ceudallpgedubrel. consol i dated mass is taken out of the oven

a t d for hardness and 27 March 2007 44 abrasi on
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| dibrBond particles. Six of such amorphous alloy-diamond amorphous alloy

sandwiches are assembled with a stainless ring of the same size but with a thickness
of 0.1 mm between every two of such layers. An acrylic adhesive is nsed to glue the
assembly together. The final assembly is then heated to 200° C for 2 hours to drive
off the adhesive. The assembly is then heated in a vacuum furnace at 1,005° C for 15
~minutes. The resulting tool is a three dimensional structure that contains a diamond
array not just on surface but also in volume. This three dimensional structure is then
mounted to a chuck with a shaft for use as a grinding wheel. Such a grinding wheel

has the unique feature of containing connected pores around diamond. These pores
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t eel rolls 1o a.la 0 t.hic 80
BB a€?%8 afond htiErnod! vk ersyrq\fﬂu?
mnamnwe@wmﬁnﬁtamaﬁsma i@ 2Rl ant into the sheet. The

plantlng was gui ded ate |ate that fixed the
qdghop 13 Reing a'ai%tt imrevedhe nerfprmgnce vhte inok Awhig reduce

the cost of manufacturing, this invention also provides an easier method for making
thin bladed tools. For example, the electronic industry requires using larger and
larger silicon wafers (now 12 inches in diameter). Hence, thinner saw blades for
slicing silicon crystals, and thinner dicing wheels for grooving siiicon chips with
tighter partitions have been in great demand.

Prior to the present invention, it has been extremely difficult to make very thin
tools that contain evenly distributed diamond particles. The present invention
provzdes an alternative method for making such tools. For example, it has been

discovered that by mixing micron powders of diamond, a blend of metal powders




planted LMl ayer is then trinmmed in size and gh4adarch 2007
using an organic binder to a flat stainless (316)

‘plate 6.5 mmthick. The assengly is then heated in

vacuumto 1010C 10 for 10 mi nutes. The heating caused
t hée.gd Mrdnze aad d:obalﬁ)obnﬁmrsditatbitn Hinder, shibmbterd] ean Gdwelied to a

I Ihgllll h 5 d a anﬁﬂ% Oglé%%d I& E}%?shvzhslcltﬁ @ﬁ%ﬁeﬁﬁlag IHIE)ISP c{}ceurag wheels.

meBh ﬁﬂh§ fhlis thinahedt kadinbaming GMR)a 1661 hslded, 6 diin dRirgvheelldag be
result indicates that such di anond di sk can doubl e

t h#3% f e when conpared to a conventional dianond disk

s5that CORURI MSmaARAE Meabbe It hhdbteR Yol BTRBSdMdetwdth tho

Exanple 19 This is the .sane as Exanple 18, except the
Ni Beshriaventinn gutwpare of $hepgpentages of thmﬁrpllw ¢styibution,

Ni ﬁﬁﬁ%ﬁ'az é[iée&% &k c&‘[ﬁfgﬁgaﬁo Qcﬂb% 5%049 ga.n\{l?]% :{Egeved without

Ni cro b nder to urry urry 1s
t h‘@n usmf ayeplaint Moid)@emﬁmﬂd &e wmlwtsil&whn plad bensxed in

& maifﬁ(g%gﬁe %ﬁ I%%%T%nlg%r@g@%gtno%&aéyae edgs%eet? ! ttﬂnsr},ase

10 t rﬂxe&aﬁssudmfof@bfhﬁvﬂmﬂmm iastil] ewetihatAbidem. tEuencsﬁgahemg
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dr.i ed, ate ) holes drille form, a
s tgh i ROt Rhgn & SHBTHE R gPdy The
| SoopiosloObridi® b el Boirikp41a0 BBkt AN

then, pl.aced on the 25 substrate to formthe

p rsé‘"d@tlé“r lgssretengive B qrubttatially trrpedimengiongt thepidhenipg three-
r%ﬁﬁé‘lﬁﬂ)ﬂaﬂ};ﬁﬁy' s fs:ff%rtfé AADRM. fb?%ﬁée%ln%e@ Q%l%ﬁ)‘ijmfn% prd¥€ss
surface bi nde is then renoved eat |ng I'n an
oVea. bnrodling).aln thig 0ase, $bwzsive phiigles aremﬁleasmmw 11j the maix
enSftﬂ?edsheﬂ gacmﬁholﬁhmﬁt? ert, 005 C for 10 m nutes. During
S e

N braze has wetted the di anbnd

: an d c aﬁ?hlb iraveptidnangealiveats: applidabld tol othver dpbbcadbmm Gklated to

i cl stot t he 30 suhstrat The [ t. re
s F 1o TPt e SRR o e Sl i ¥y feond
\A@Eﬁluagmaj; B@@seﬁ@gjsdebﬁﬁﬁdﬁmﬂﬂipﬁdwﬂ{ WRbAlish piREdivedand
predet erm ned pattern of grid. The resulting toaql is

\Aé?ﬂPPe@@FP eldpgrial digmands i8Ry produged by compregipgHicontiye
4%@%@ @?ﬁe At 1 Sathi stgbg PATR, BONEABIPb B res@f&%%ﬂ&

urry is ar ‘hrade” product”” supplt ed by
Watdtingahave theymelng\pamoL QERGM}’SIE)@apb@ witt tﬁeﬂmoéeategandq’eﬂy

e e R R B BrERE B,

S ehffikd pthe tiingantenpofaawiay cryetsls that are distributed unevenly. Hence,
the yield and cost of diamond synthesis can be substantially improved by making the
nuclei uniformly distributed. This invention can provide layers of either graphite or
metal catalyst with a pre-detenmined pattern of diamond seeds. If organic binders ate
introduced during the fabrication of these layers, they can be removed by heating in a
furnace before loading into the press. '

Thus, there is disclosed an improved method for making superabrasive tools
with improved performance. The above description and examples are intended only
to illustrate certain potential uses of this invention. It will be readily understood by
those skilled in the art that the present invention is susceptible of a broad utility and

applications, Many embodiments and adaptations of the present invention other than




(manufactured in Taiwan). Exanple 23 The braze 47Sarch 2007
provi ded as a sheet of anorphous braze all oy
manufactured by 10 aneymellsfs MBF-20 foil "about

0.001" thick. Various sizes afe punched out of the

f oithosahetei@lde@Bbédp ag WINEL B4R valiftons ShRBicabioRShd é&@valéﬁt
tenplate is then used to arrange 80/90 mesh di anond

parPfiARgeEISnts Wilkbsaparrantdram Aeigasgnably pagestadiby thirresent invention
as 98k Yorksing H&&ph@ﬁ wﬁ‘ﬂlguthﬁﬁ%ﬁﬂ;n e\éﬁfsgiﬁ% for scope of
bo %@

furnace to nelt the alloy and I anmon
s u st nresest invergorf |A¢amdmbt vihge (legubses xmre:ptam hephefintdesmmibed

3 o ey QPR bR e Rl it i BB vadryagd g s

nudhCMngemnbhmuumbwmnéammqﬂawob&ﬂpﬁﬂﬂﬂuﬁﬁﬁmamndmxnmh

defect on..t he on r . waf er
gr ea X/fOF BY8EE 8 PrRyidHg) aefaganéﬁ;}:@gﬁqgﬁ slgsure of %\?l”ﬁi@&t‘% The
sh ﬁ:egomg disoiesufions ihémiee obdol te)toRgraet i Ginkif ®elpRYerd thvention or
as F-20 foil, having a _thickness of

|
tg%“\e"%eﬁ?]ﬁ&ﬂl awpsuch giker erplpdiment jadaRiptions (Vanatieasi ng 50

10 mnnbaahsma& mid"bﬁuﬁﬁ&it%frm?eﬁzeﬁfé ngb &@seﬁ%véifnoh Bﬁn% Bhdited bnly
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tenplate is then placed on the annular ring o
an@f@ﬁé‘@%ﬂ%@ﬁ%’ée@mﬁ@w@@emmwm particles are

spri nklyed 1O¥EabBGod ﬁ%@%ﬁx@ Y x%ﬁoee{i ag;glfgaﬁféﬁfg Se 111ustrat1\ée of

di anonds are renoved and remov
| ethe anpélcative Teti themindiplgs theqirasntsmtenman zNu?ﬁrous modifications

o1 S ERIIEpBALL Proy B By RS oy Bl syt
S lﬂBpamng)fmh mhesspait myscdpemmdpxamf iab@uan ahd @y appended claims

| san ﬂ%ngaBare as led with a stainless ring of the

20

§0vep, R Tpdi it and agieckyents. s oY Ruieche prosent

| e\dﬁffmnéﬂ\hhs ®benSiedRibbANRVE wmﬁ@;aﬁﬁﬁmﬁﬂyﬁu@d&ﬁ? mvc%nhe%uuﬁ %h

to glue the assenbly together. Thé final assenbly

t TaRt ﬁ@éﬁsealwdse@@d e ’Fb&rm@t pragfical and penferves es@aodnmwaﬁthe
aqgeﬁ aBg@ﬁ
fur natéae@gtvIﬁge E;@ OP%Q%U es ﬁﬁiﬁﬁeerhrrgg%tl T Emufs ool
i enodificptiens, it Inding buha:lt hsnuedlw, waréatividin sizgnb@srizds, ahape form,

[ n ust surface hut So.in
BB el Bt ot Rich. berlly, 4 b ey Nl SR BB .
c livonkihaniniéntian agt fortha thesims a gri ndi ng wheel . Such a
gri ndi ng wheel has the unique feature of containing
connected pores around di anond. These pores 27 March
2007 47 can serve as runways for renoving cutting
debris. The openness of this grinding wheel nakes it
free cutting so the cutting speed is twi ce that of
conventional grinding wheels. Conventional grinding
wheel s using netal as matrix contains no such




i nterconnected pores. 5 A distinct advantage C%ﬁ%ﬂﬁ%hZOU?
tools of the present invention have over the pri

art cutting tools lies in the manner in which the t oo
may be used. Di anond saws ag typically made in the
formof a circular blade that cuts the workpi ece by
rotation in the same direction with each rotation.
THiAdAMMe directi onal novenent causes a “"tail"™ to be
fornmed, wherein the matrix material rotationally
forward of the dianond particle 10 is worn away, but
the mat Aimfetmltcﬂ‘&ﬂamngm@w@bram elolasonnstispiarthd &3 of'S
protected b the di a article. If the saw
rotati on wel@oyigmga s . the dianond particle

woul d easi) yrahifg Kﬁiﬁﬁéﬂﬁfjof ﬁﬁ&a%sﬁéﬁ%rf@ésr directly @R Exposed
saws, however, can only cut the work piece to a depth
of | esurfachahthe sehstriglin aqeprlapeanit apredsieraiizedaiern ppmng a
orderbhgm@gh hi cker workpi eces, a frame or gang saw
15 is yplca? y used. Because these saws nove
reC|procaIIy the di anond particles nust be securely

ot 11 4 TGP A, BRER bl Bl o

ﬂ)mzingcalleysthanncihmﬁ mdtéridl seléoded frdth thergp@paonditats of titanium,
reC|Proc di.amand saﬁgdhave not been used.t qut
KAz ZISOY IRy p R PdenERy, fEpsten, BAnggnese, §8‘E‘j Spgon
Qlimifith ynmfxturs@dranbﬁd therSofch as marble. 20 This
invention allows dianond to be held chemcally by a
braze. Hence, nmatrix tails are not needed to support

the di W}Hcth&ﬁof%laﬁﬁ%u lvherelnQRL &aﬁﬁg c@%&lﬁ&’és twebR abdue
present 1 nvention can be used on reciprocating saws to

@%t anidabent 38 Yocyi vedight of himateripl sebekter fonfhe eeornp esppistios of

SRR ARG AT TR 20 12 o) (1

prior art. 25 In addition to being able to inprove the
perforngnce t an he ¢

Panuf cRH ARG gt 2nb poskin e Yot ds PRvdetEs &
Bﬁ%haﬁmﬁ@ﬂmnghmﬂg thin bl aded tools. For exanple, the
el ectronic industry requires using larger and |arger
silicon wafers (now 12 inches in dianeter). Hence,

t hi nnerriRaMe i Eshethihd whitkinGridothd & ktS;?@fl‘fr , AleSmetRii
t hi nner di ci ng wheel s for grooving silicon i ps with

Sother epmnsisesshe stepSiadhs have been in great denand Pri or

to th

drricurt Pt BY BRAIRP ot duberdBr O FAE S dbeenmined

di st rptttmemﬂibamhstmkepmdti cles. The present inventi on
Por st D S B8 ShosEor Eichons Bhaf i B B Seibie
m cr Ofiartiﬂw;i ufch tioik thalisagepdbihsive phrtictaslare poditidnall beo/eeteths sheet

--------------- 27 March 2007
of amorphous braze and the exposed surface.

6. The method of claim 4, wherein prior to the step of brazing, the method
further comprises the steps of:
a) affixing a plurality of superabrasive particles in a predetermined

. pattern on the sheet of amorphous braze alloy; and




48 (e.g., bronze and cobalt) and a suitable bi R8&arch 2007
the material can be rolled to a thickness thinner
than 0.1 mm - a thickness which is thinner than nost
dicing wheels. By firing tRis thin sheet and nounting
it on a tool holder, a thin dicing wheel can be nade.
5 1In the alternative to the above, it has been found

i n accor darfo@laginglibe fheet of praerpheus bigasrilpy havineguperahrasivy
the adyAMAYESAIdAE of AILEAMAHMIAIIUELAR, such that the
mul ti lfayered superabrasive configurations deséri ed
above soperatiyesi@qiaitieles drewdispbsed betwiebrethe sleeedf amotpdiopd tagze.and
Mor e %ﬁg&l%g%%l dethe abrasive particles can al so be
mi xed THo Ay llffe'matrix powder and nade as an
ingredient of the layered sheet. In this case, 10 the
distri i on_of rasiv articleg is stjll.somewhat
Fandort Tt B P g 4 ekt prgsR Mot DiFgnEonT Fenbe e
Qﬁﬂ&§&6ﬁ®ﬂﬁﬁﬂk sbf a conventional abrasive body. The
segregation_of abrasive particles and matri x powders

di scussed i Plaging Hhecgst Bgﬁﬂomg‘é@tbif%’ﬁ upen MegPosed suace wé
in a spdsiharii.ahdy two-di mensional sheet than in a
three- dinmensional body. This is particularly true for
sheet s nmadd)Bifixngrailatehived sypetrbeastve partcles gn a priggetermined
rolli I [ ' rf fuyrther
spr cad by R e g Aerp AR BB ol o

t he r cinlogpl®us Biazsisidispeset betweomthe ahsoabivesivamatticteabhdetht 0
other a Ihca ions not related to nmaking abrasive

t ool s. RGP BXEHI e, graphite or netal sheets planted
with dianond particles nmay be used as seeds for

di anond_growt h _under hi gh pressure_and 20 tenperature.
| ndustd ifg? mgthed gheiaimyls é”q’leSFb‘i‘ 5 ey opbragng é’é‘i heating the

WRAILIRY BAd Rbk@4tO @) d (éRperh@YeediIes? thad 28k 11 19020 G HEHid
catalyst (e.g., Fe, Co, or Ni alloy) to high pressure

antiicigntiathrvg thpwperabmavapari¢lesgliyssilyto the subpgate at al yst .
D anond wi Il then nucleate randomy on the interface
of these layers. The quality of the dianond crystal

f or re®. dh¢ mathod of 4ryrame bfclaims 3, Apir A gdment profr tgthe wiep gt
ChySt al.s th[gt ﬁ%tﬁ di str.i buted unevenly. Hence, 25 the
yi ’Tn&g’g?wedn% %‘% THCRREHG: synt hesi s can be

-subst ant i ala) yrovitireovesiplaye Hmdok APrédafermitied patternof dperturty
di striputed. This invention can provide |layers of
ei t her™@PM8phite or netal catalyst with a

pr e- det er iy gRciR@ifeatmpiate oflitRIhast oF aREHhotd br@fcl Bilftrate
bi nders are _introduced during the fabrication of

t hese prigyteraffixipg tg supgrbsivedaticled theyetbieat ing in a
furnace bef inkb PR ' : ;,gﬂT s, here

i s disclose ﬁglrlll%i n’pnpggggp‘g#gltlwggu 5?&?’% [ ngléﬂéé’ and

super abr asidy eemowigthe teinplate, sprhchas dhqrmpérabrasive particlésgremain

P o eER T Bt h B0 e oot B YR RO ogoe
It Wi Ivithirke prdeteininediaentod dd thyplate.

10. The method of claim 9, wherein the superabrasive particles are affixed to

the sheet of amorphous braze or substrate using an adhesive.

11. The method of claim 9, wherein each aperture is configured to hold only

one superabrasive particle.




those skilled in the art that the present inve@h@gﬂah§mn
susceptible of a broad utility and applications. ny
enbodi ments and adaptati ons of the present invention
ot her than 27 March 2007 49Q,those herein descri bed,
as well as many vari ati ons, frodi fi cations and

equi val ent arrangenents will be apparent from or

r easonabThe \metiostcbimy, Whaeiprseme of the Apetitdsare lagpdthide
Eﬁ%goin description thereof w thout departing from

o & “nce for scope of the present invention.
Accordingly, while the present invention has been
described 5 herein in detail in relationtao its,

pr ef erlPebbeanetber ofstaim 1jar 2, whersinghe bragiag allaydeipionided ey s
Qk§ggpsure is only illustrative and exenplary of the
present invention and is nmade nerely for purpose

of providing a full and enabling disclosure of the

| nvent,op, J&ﬁ%d t{t%iq%%i 13% %{éﬁ' %%P{o"t?é ?ﬁo‘}‘b{izﬂ{ eRdGskaRia
to be ‘construe olimt e present 1nventiomnm or
dtatier vorspriseothe xep oflaffiamy aphohlityofi arpesbiasicte patitles in a

ad ations, variations,, 10. nodi ficatiopns and .

Sl BR Pageiin B emoses SrlChubfRlerkBR ABPSRE pei ng
l'imted onlaymidiyg thegowdaedbrapgeidodiihestia agad td foém a
equivalents thereof. It is to be understood that the

aboveﬁugﬁérenced arrangenents are illustrative of the
applicati Ol%ﬁﬁﬂlyiﬁﬁﬁe Bluty3h Rle@gpStd blitcObOEE Ribstrate;
i nvention. Nunerous nodifications and alternative

ar r angenentspigsinge teraplptsdgving aprrgsisrsingd pasigry of aperaures
art wghgyt 15 departing fromthe spirit and scope of
the present invention and the appended clains are
i nt ended t d) plovieg theuahplate dnfthecdtatzingalloand arr angenent s.
Thus, while e present.  invention has en descri bed
above wi ¢ h e BRRF R W SRR RO R Rt BRR 2B ET or i
what is pr s ssnidvingdiecierglate) sivh thdl ehermdpératipasivt pactidlesaadain
preferred enbodj ments of, the .invenption, it wil] be
appar ShPlageLn lﬁ%éréélas PP RETrIRS mtﬁ W{eﬂ@emeimm of
NUMer @htSterdPlafBRfillihs 8R3kicpdSbrabg! udi ng, but not linmted
to, variations in size, materirals, shape, form
functi on, manner of operation, assenbly, and use may
be nBqs Widhahid GLRARY Rfleref R e kY S¥rA, &% M&hod
forth in the c LETRRAR 5L Pereinl P e By YR, 83 cidho
mertheo dorprisasithi sigpscfs uper abr asi ve tool, conprising the
st eps of rovi.di n bstrat.e;. '
plurality %i afglﬁlﬁl Fb id %‘?‘%féé{‘ée é}r@ccl%ensl %g ?erd g%frﬁ%g(f%ﬁ%ﬁlam an

expos espossdisurfaceofihe fubstrateibg theateps ofi accor dance with a
pr e_d eterm ned p%tptlz%n?; autglln?)giteaon a transfer sheet, said template having

a plurality of apertures corresponding to the predetermined pattern;

ii) filling the apertures with the superabrasive particles;
1i1) removing the template, such that the superabrasive
particles remain in place on the transfer sheet in accordance with the

predetermined pattern of the template; and




brazing alloy. 2. The nethod of claim1, wherein\Whe, 2007
brazing is acconplished using a brazing alloy that
includes a nmaterial selected fromthe group consisting
of titanium vanadium chrgm um zirconium

nol ybdenum tungsten, mang se, iron, silicon,

al um num and m xtures or alloys thereof. 3. The nethod
of claim 2, whefwittanifbing tiezsuperalirhdivyparticiésiid @s dapisaden

about 2% and abqut 50% by wei ght o matefria

el bcted 1 AUHCE RO BOT P ENEE b St et e
manganese, sﬁﬁe}ﬁiﬂéswapaﬁ{cllds %@ébnﬁih@ﬁﬂdlim}{éléﬁboséd sutfiRe of the
met hod of claim1 or 2, wherein the brazing alloy is

provi ded asubftratepmatcorkngsipitihe pedefernined mttermhandret hod
of cl ai m 45) WhiRgiRk BbREE Moy HolfbsthRRnd tndipdiiishivd e
met hod further” conprises’the steps of. a) affixing a
pl ur alpettiglesf super abrasive particles in a
predeterm ned pattern on the substrate; and b)

pl aci ng the sheet of anorphous braze alloy on the
superabrasive particles, such that the superabrasive
particles are positioned between the sheet of

anor phous braze and the exposed surface. 6. The net hod
of claim4, wherein prior to the step of brazing, the
met hod further conprises the steps of: a) affixing a
plurality of superabrasive particles in a
predeterm ned pattern on the sheet of anorphous braze
all oy; and 27 March 2007 51 b) placing the sheet of
anor phous braze all oy havi ng superabrasive particles
affi xed thereto on an exposed surface of the _
substrate, such that the superabrasive particles are
di sposed between the sheet of anorphous braze and the
exposed surface. 7. The nethod of claim4, wherein
prior to the step of brazing, the nmethod further
conpri ses the steps of a) placing the sheet of

anor phous braze upon an exposed surface of the
substrate; and b) affixing a plurality of
superabrasive particles in a predeterm ned pattern on
t he sheet of anorphous braze alloy, such that the
sheet of




anor phous braze is di sposed between the supera
particles and the exposed surface. 8. The net%ﬁaﬁ&¥ﬁzog7
claim 1, wherein the step of brazing includes heating
the brazing alloy and subsé ate to a tenperature of

| ess than about 1,100 C whi iIs sufficient to braze

t he superabrasive particles directly to the substrate.

9. Tha 6l’f§hehmd‘,h0d ofxaimaisewhéreiltid meﬁbraﬁveparﬁclmé efifired to

ior t st affixin met hod furt
s piedirtise S0P bl vy PeliBlespadbeRire it by cxposof furice
mﬂﬁilﬁégﬁn@eﬁb RabfeLsMthOfupeRBiakive BaticleBERtIWwitthe transfer
| acing the tenplate on the sheet of anprphous. braze

épeeé»d’ﬂ%?( fathe adbffsf"ﬁ ontl supgiyags iy girenser %‘@Fb@?@é haldingdhe
Repdritithéwe ﬂalf’tﬁrl&tll‘i’%)la@ od tht bhi\gerlshgcapertures with the
superabrasive particles; and d) renoving the tenpl ate,
such that the superabra3|ve particles remain affixed
in place on the sheet of anorphous ‘braze or substrate
in accordance wth the predeterm ned pattern of the
tenpl ate. 10. The nethod of claim9, wherein the
superabrasive particles are affixed to the sheet of
anor phous braze or substrate using an adhesive. 11.
The nethod of claim9, wherein each aperture is
configured to hold only one superabrasive particle.
27 March 2007 52 12. The nethod of claim 11, wherein
some of the apertures are |arger than other

apertures. 13. The nethod of claim1l or 2, wherein the
brazing alloy is provided as a powler. 14. The net hod
of claim 13, wherein prior to the step of brazing, the
method further conprises the step of affixing a
plurality of superabrasive particles in a
predeterm ned pattern on the exposed surface of
substrate bythe steps of: a) m xing the powdered
brazing alloy with a carrier agent to forma slurry;
b) applying the slurry to the exposed surface of the
substrate; c¢) providing a tenplate having a
predeterm ned pattern of apertures therein;




d) placing the tenplate on the brazing alloy; &)warch 2007
filling the apertures with superabrasive particles;

and d) renoving the tenplate, such that the

super abrasi ve particles reng'n in place on the
brazing alloy in accordance™w th thepredeterm ned
pattern of the tenplate during the step of brazing.
15. THE. Hetthaboddf ctdimisSnfiRthesdvarpeises: prior to the step
of brazing,,the. nethod . furthe onprises the steps
of : ) af KPR B B puiels L SpReh Pl
predet er mi g propilirger phu@lityaf magkpappstt mufcfiitaviag ckiiged
substrate by the steps of i) placing a tenplate on a
transf¥aheet, said tenplate having a plurality of
apertures epifiRHp AR upabiasil 18R BE PG FRHEE N
ii) filling the apertures with the superabrasive

part i vt matetal enpvi ng the tenpl ate, such that the
super abr asi [ : L I : :
transfer sﬁ¥§¥mﬁﬁég%gg§§g%§gﬁﬁﬁ?hﬁgﬁga&%ﬂg%g% ?ﬁ?ﬁgd
pat t eiteformi a phialiteefihdividpal snperabtasite sepm@nd wWhesheatileapt one
t ransf, [+ 0.9 [ ' 0.4t

expos it 1SR FARE A BRR BLESHABINE  o; ,
sheet predeetmihbibpatteine  super abr asi ve particl es becone
affixed to tﬁg.exgpigg.@%ﬁface of . the subﬁtrate in
accor dance SWPHE Yis Mshradual syngrahesive Sty adighept i one
appl yiahghé thfaae thiek dimd@iohiifod paghfsat endnd t he
superabrasive particles. 27 March 2007 53 16. The
met hod of &) eanseldating the fasi pregueorde Femafhuge dipaensional
parti gh@sivéiosl @fhbied to the exposed surface of the
substrate by applying an adhesive to the exposed
surface prior to pressing the transfer of the

super abrasive particles thereto with the transfer
sheet, wherein the adhesive on the substrate is
stronger than forces holding the superabrasive
particles in place on the transfer sheet. 27 March
2007 54 17. The nethod of claimb5, farther conpri ses:




a) providing a plurality of sheets of annrphou§7Qg£%@2mﬁ
b) providing a plurality of matrix support materi al
havi ng exposed surfaces; c) affixing the
super abrasi ve particles on %ge plurality of matrix
support material; d) applyi the plurality of sheets
on t hd8sA pgreedbrabic el fantel bl d& métivddorfianpoyd eficdiing y-13f
i ndi vi dual superabrasive segnments, wherein at |east
one superabrasive segnent has the superabrasive
plar tiab eﬂ’lﬁﬁhﬁﬁﬁﬂagl? tdol cﬂ‘k:&ﬁﬁtl g iieneal (he @tddefeﬁmne% pattern
pl aci ng. t he I ndi vi du er abr asi ve  segnents adj a
tcﬁﬂséﬁtfegfsﬁl?%‘l‘bﬁ%ﬁwet%‘r"fcg‘is sitpnedaut seﬂnﬂﬁlwsﬁ%%ﬁn gt odes o
RhSoHEaRhsivédall. €) consolidating the tool precursor to
forma three-di nensional abrasive tool segment. 27
March 2007 55 18. A superabrasive tool fornmed by the
met ho 1 4l .
cuper Abr P Fgy ApSLFlEn 19 et he pktcmined patten
pgompBtee mﬁxtgmbrwatttoarcnnceumtmﬂf supefabgagive paiticlgs thakis higher
rti [ an exterior
%%man%%gﬁyﬁgﬁk%°§$§%F%§$Ve 5$hm%8%5$ﬁe ‘super abr asi ve
tooI of cIa|n118 wherei n the predetern ned pattern
conpri an exterior r1100 CC cen ratio
Super by b e YeCPa T el T UGB BroRliiggd patem i
uBifeed @1d. porti on concentrati on of superabra5|ve
partic es 21. The superabrasive tool of claiml1l8,
wherein the predeterm ned pattern is a uniformagrid.
27 March 2007 56 22. A superabrasive tool precursor
conprising: a) a netal support matrix; b) a plurality
of superabrasive particles placed on the netal support
matrix in a predeterm ned pattern; and c) a sheet of
anor phous braze all oy placed in contact with the
plurality of superabrasive particles either between
t he superabrasive particles and the netal support
matrix or on the plurality of superabrasive particles




opposite the netal support matrix. 23. The 27 March 2007
super abrasi ve tool precursor of claim?22, wherein the
tool precursor is configured for use as a CWP pad
dresser. 24. The superabrasiye tool precursor of claim
22, wherein the superabrasive particles have a size
from about 100 to 350 m croneters. 25. The

super aBrAsupresabrasoie tpel geagnisor copiprigingi m 22, wherein the

SUper a1 31 Bl fagg o @ prececerm ned el g
b) a plurality of superabrasive particles placed on the metal support
matrix in a predetermined pattern; and
¢) a sheet of amorphous braze alloy placed in contact with the
plurality of superabrasive particles either between the superabrasive particles
and the metal support matrix or on the plurality of superabrasive particles

opposite the metal support matrix.

23. The superabrasive tool precursor of claim 22, wherein the tool precursor is

configured for use as a CMP pad dresser.

24. The superabrasive tool precursor of claim 22, wherein the superabrasive

particles have a size from about 100 to 350 micrometers.

25. The superabrasive tool precursor of claim 22, wherein the superabrasive

particles extend a predetermined height above the metal support matrix.




