H GH PORCSI TY VI TRI FI ED SUPERABRASI VE PRODUCTS AND METHOD OF PREPARATI ON
CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains priority to
U. S. Prowvei2omalosf3at ent Application Serial No. 61/132, 8@8y/Uskéoedozbone 23,
2008, incorporated herein by reference. BACKGROUND OF THE | NVENTI ON Si nce
this world is noving towards thinner and snall er devices, the requirenents
for thinner wafers (less than 50 mcrons) is growi ng. To achi eve hi gher
strength of ground silicon wafers, use of snmaller grains will be required.
During grinding, a decrease in the size of the grain in the conposite

m crostructure will decrease the force required to reduce the effective

chip thickness comng o f esul t of ced chip
t hi ckness, the strengt hﬂi@ﬁ H&&ﬁ%é&?ﬁ@épfggﬁ%%?@ ‘2EWI |1 increase.
In addition, new devel opFEHUCITE ANPMEFHQI £t RRERGRAIIMGI ogy are novi ng

toward wafers of | arger size, thereby causi ng increasing difficulty in
mai ntai ning flatness _of a wafer duri n%n"&he i nding process. Many

convent i onal CBSISSREEEREDICGE EQM@EE Tu’@l‘& d finishing these

mat eri al s i ncl ude_net al - bonded superabrasi ve. Mtal -bonded abrasive tools
general |y grind féWsrappheationsiams pripribhierl §t Beoyisiensd Ratenbdpplicatign Sgeal,

et al - bonglodnabe Rty Sod LPIGRDICONATARGEHTLARES, Slieamponent s to be

i ncorporated in ronic evf ces y sever & rmting their use
for grinding applications or slicing silicon wafers. Typ| cally, vitrified
bonded t ool sBAKIKGROUNI IGH THE INVIES$I@Nd | ow degradati on, thereby
resulting in better tolerances, flatness in product and an increase nunber
of parts that canShee phiosgweldds pevingteehrdsAhinherugd swialler d¢vacesptheded gri ndi ng

ool coul d be BTBLOXG LML B Quety Srid el ae, S ber Lykeslly do rot
Resin bonds gipReQtfeRBhOfPr&idd SHi RS a8RATs AT nlaAY Lok QLT tirEqdtdaY ability.
10 During grinding, a decrease in the size of the grain in the composite microstructure
will decrease the force required to reduce the effective chip thickness coming out of
the wafer. As a result of reduced chip thickness, the strength of the final ground
silicon wafers will increase. In addition, new developments in wafer manufacturing
technology are moving toward wafers of larger size, thereby causing increasing
15  difficulty in maintaining flatness of a wafer during the grinding process.
Many conventional abrasive tools employed in roughing and finishing these
materials include metal-bonded superabrasive. Metal-bonded abrasive tools
generally grind fewer parts per hour than glass-bonded tools. Further, metal-bonded
abrasive tools can contaminate surfaces of components to be incorporated into
20  electronic devices, thereby severely limiting their use for grinding applications or
slicing silicon wafers.
Typically, vitrified bonded tools offer a higher stiffness and low degradation,
thereby resulting in better tolerances, flatness in product and an increase number of
parts that can be produced per wheel. Although vitrified bonded grinding tools could
25  be employed having a lower grit size, they typically do not have sufficient self-
dressing ability due to low porosity or pore structure.
Resin bonds are often exhibit higher wear and have a self-dressing ability.

Typically, the relatively low stiffness of resin bonds produces lower surface
1



Typically, the relatively low stiffness of resin bonds produces | ower
surfaceroughness or a better finish than grinding tools that enploy a
vitrifiedwvbaeno/msadograi ns of simlar grit size. However pCrasovhorsds
typically can not be used where grit size is |ower than 2 m crons because

the grains are shed inside .of .the ¢ liant, resin bond.durjn ri ndi ng,
thergbyI requi?4é uesﬁioéﬁlé’rettéf IO)éH’aBrgé@gG&éoglﬁ&?atGHW @qﬂmgif{{’?ﬂl&dng °

el evat ed t enpaidlidiistnhr SritQiA HOWeVE, fddln iRl typically’ @ Mot be WhRNwhere grit
particularly applied to Targer wafers, maintaining an accePt abl e fl atness

of the waf er sideits loyeythan@i migrérsdweasse tag grathisfaté pushed insige ef thercothpliantuct ur e
for backgrinding wll be resin honded superabrasive. wheels. Life of the
resin bondedregug%(?ngbdruég’ig\%u@ﬁgeher%g rﬁg?xﬁgg%éghler 3?1%%‘#: cﬂr?%:?grevﬁnfih smal | er
grai ns. Ther efieguentipEéfising efevatRidtei@eraturd hothe RENAMigtsyirfyéd. IAsfd r@sult,

super abrasive wheel wth finer grains with a self-dressi ng ability. SUMVARY
OF THE | NVENVhenpamisulagy appliesht F wiafays, megiptpining an acogptablerflateesgphhsnd

super abr asi vga@r%ﬁégrigﬁggiggﬁgggopgdi iltng the vitrified superabrasive

product. The vit Sive product of the invention includes a
super abr asi ve conponent and a vitrified bond conponent in which the

super abr asi ve conponent i.s dispersed, wherein_the vitrified bond conponent
defi nes pores occ@p@ﬂe?n?éreérsgél?té?e f%gﬁc%mwgéﬁ%llﬁre§‘ﬁé’°€‘6?‘h$uR‘f'EﬂbEﬂ‘§éveat t he

vitrifiegysupgeabr psi e;?pég'- j pn is a
vitrified super a%r a%&gtrﬁ{g%%)g%d;se@@%%\%hei I e%lggl%atcatcl)lrr%;%%dgl\r?t%%%cl udi ng
silica and hamalkg gaaipsr dhéreforafthat i3 2astd fabebighgioofy titrdfiddouperabmkivee of

the vitrified,di,ammnd abrasive, A er abrasj.ve conponent is dispersed in
the vitrifi e&'hﬁgnn%bgﬂ’ff(ﬂ@‘ﬂf Wlﬁhﬁseiﬁgféf‘%%%%l% conponent consi sts

essentially of particles having a nunber average particle size in a range
of between about 0.5 m crons and about 60 m crons, and wherein the vol unme
rati o of the superabrasive conponent to the vitrified bond conponent is in

a range of bgUVEeMARYOHR TAEANVENTIONt 1:99. In still another enbodi nent,
the invention is directed to a grinding tool that

15 The invention generally relates to a vitrified diamond superabrasive product,
and a method of making the vitrified superabrasive product.

The vitrified superabrasive product of the invention includes a superabrasive
component and a vitrified bond component in which the superabrasive component is
dispersed, wherein the vitrified bond component defines pores occupying greater

20  than about 50% of the total volume at the vitrified superabrasive product.

In another embodiment, the invention is a vitrified superabrasive that
includes a vitrified bond component including silica and having a porosity of at least
about 50% of the total volume of the vitrified diamond abrasive. A superabrasive
component is dispersed in the vitrified bond component. The superabrasive

25  component consists essentially of particles having a number average particle size in
a range of between about 0.5 microns and about 60 microns, and wherein the
volume ratio of the superabrasive component to the vitrified bond component is in a
range of between about 3:2 and about 1:99.

In still another embodiment, the invention is directed to a grinding tool that

30 includes a base and a vitrified superabrasive component at a surface of the base.

The vitrified superabrasive component includes a superabrasive component and a
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i ncludes a base and a vitrified superabrasive conponent at a surface of the
base. The vitrified superabrasive conponent includes a superabrasive
conponentwerdiogesisni fi ed bond conponent in which the superalsc@iovs21
conponent is dispersed. The vitrified bond conponent defines pores

occupyi ng great.er,th about 50% aof. the total volune of the vitrjfjed
super abr asi vg%{fﬁ%é ompapeqt iy whi hH}WPeréﬁfﬁéldFﬁBW?nWés ‘ﬁ%ﬁ4' %s a

super abr asi vejtAfixd béfd c&xﬂi&%htsd'léiﬂleé‘pgﬂe@_%éc@? eatBr BHRPEHAR'SO%4 ¥ethgrit, a
bi nder and a silicon carbide. In a specific embodi nent, the glass powder

i ncl udes at fasalsiolumeofthatyitrificd isepsrabrasivopompenegt.oup consi sting of silicon

R e B
super abr asi veogpfiing B ¢lddslpowaeraARastrRhsive gﬂi@b%md&auﬁdlg sitichnl 6dideaighage

particle size in_a range of between about 5 mcrons and about 60 m crons,
and wherein ’éw@lfmrﬁbﬁéﬂm&m theglassipewdgpinchdenat loast gp¢ membeyselededfipm cl es

in a range o 1 : ' r 11,006 . at

| east one ne%z? &Qg?egﬁggg %’? gl}ﬁ%cé@ggéﬁ%ché%é tgcg?rﬁép@]c te%rbt? @b?lh@%&ﬁlgggﬂdgcol ,
wat er, a m x{AkO;palkabbykriehylieOeNg]Q,d0lO)and allaliae cardinolkided (CHCG]aMgO) | i ca.
Silicon carbhd§ [ ST present in the formaf particles having a nupber average
size in a rahgP)of hssunyabrasine grit includss diagipnd paeicaltes hayingd BYBhE. The

silicon ¢qrbhfgadSpdfi&s Sk iﬁ?r&:ﬁ;@ o'?‘ibé{vflafeﬁ abButd.§ ﬁﬁ&%n?én@?&o 66 nBRHL, O- 1
and about 5 vol unhe percent of tihe total anount of glass powder,
super abr asi vendywhereinbtha cre lunznmitisioff itleosupembizisive grio ipglassyppastices trherangeofir e.

| furth nmbodi .~ Lhe i [ [ ' ted t th f f '
VLt fied SuPEaR BTS2 BEAHRLT NG dhe tidep LGHet ot s gne st sHBg  r o
the mxture @bnfa §loap ToRIWHR of pBI EROSI 91 VR ateF, iatmixﬁlrgbf‘ggl'}'eﬁ@féﬁi l'i con

carbi de. The green body is fired under an” atnosphere and pressuie, and at a
t enper at ur e, 85gkand; veater, and eelinidaltsHicas iSilicoprraduddisgeesent imthelform ofThi s

 vent | ofs heput el YAONRP el e of P B BB °
The product, abdie26mdic@®ns.hARe bilicoRIudided§ preséerit il eenPixdlit én b Partpersd
super abrasi Vgetevaez:xg ial:(;(l)uet:%).l and about 5 volume percent of the total amount of glass powder,
superabrasive grit, binder and silicon carbide components of the mixture.
In a further embodiment, the invention is directed to a method of forming a
20  vitrified superabrasive, comprising the steps of forming a green body from the
mixture of a glass powder, a superabrasive grit, a binder and silicon carbide. The
green body is fired under an atmosphere and pressure, and at a temperature,
sufficient to cause the silicon carbide to oxidize.
This invention has several advantages. For example, use of silicon carbide
25  as afoaming agent provides relatively high porosity for a vitrified product. The
product, therefore, has the advantages of being able to bind superabrasive particles
having relatively small size and yet has sufficient porosity to be self-dressing
without sacrificing the strength necessary to effectively polish larger silicon wafers.
As a consequence, the vitrified superabrasive products of the invention produce
30 relatively low surface roughness and better finish than typically is obtained by

vitrified bond abrasive products, while retaining the advantages of vitrified

superabrasive tools.



having relatively small size and yet has sufficient porosity to be

sel f-dressing without sacrificing the strength necessary to effectively

pol i sh | avgeniozioB43con wafers. As a consequence, the vit privsdomopseabr asi ve
products of the invention produce relatively |ow surface roughness and

better finish than, typically i.s obtained by vitrified bond abrasive
oroducts. while rdoIyRlYsie idpoartiglean gfinding, Porosity opkpls hecanast

t ool s. Por 0si tayeaet¥&endfe W@&&@é‘&nd’ ﬁle%oh?)oﬂfei RtroGruchRE OBbloYitF ARG F Ol s the
contact area between the work piece and the conposite m crostructure.

Porosity al sdadibifetesimavemsnhefcootant awiund the mitrosiructimel ta kesprthe gindingict ure to

keep the gringi ace tenperature as | ow as possi ble. The honpgeneity
of the struc?gllrfée?&égﬁﬁ%rgﬁn%ﬁs A g?fqtpoais@eri bution of the pore sizes around

mean size$ of por &hetiohRgthdity &fithé Sfudtire YeHiREEhP i ghtdistHButsdreatie Poiendi Ny
performance. Mich bi gger pores than the nean size of pores act as defects

and adver sel y1Z&$ fopnd mean sigaseipasescdirestly gelatedith a congivtenaad steady grnding t
i i d ' . A
ratio provi ?ng%g.rMWB#g#ogés 8 a0 z%eﬁgé 6%;?({‘%5_ éclgﬁs alfeHE Ll ©

val ue cl ose Icates €gree 0 onogen I STTnvention

provi des a cadvérsey affactake ¢orglstendy F giihdih 0 Matoyep) the asptesratib Providdsect
content and an %s ect rajio close to 1. BRI EF DESCRI PTI ON OF THE DRAW NG
The Figure i @ngngrHeasy thsrhapogsheitepbbgisHBHIrGOA vlugepse tlodi indigglesys a
vitrifieggsu i - L i |: Q0. SGRI PTI ON OF
e | e, o%%r%g?%rdggﬁﬁggﬁfyr This ‘gﬁ%’é@‘e‘?ﬁ"g‘??%r% Cutbihad ofaghl U1
particul ar ddstmbysionef pofe szeantomedefadi@dhteandrsl af aspe rativelosd onl,. as
illustrated in the acconpanying drawings in which like reference characters
refer to the same parts throughout the different views. The draw ngs are
not necessarily to scale, enphasis instead being placed upon illustrating

enbodi nent s GRIEFDRESERATIONWEMHPDRAMWINGIVention is generally related to
vitrified superabrasive products, their precursors, and nethods of their

manuf act ur e. The Figure is a cross-section of one embodiment of a tool that employs a

15  vitrified superabrasive product of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The foregoing will be apparent from the following more particular
description of example embodiments of the invention, as illustrated in the

20  accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.

The invention is generally related to vitrified superabrasive products, their
precursors, and methods of their manufacture.

25 “Superabrasive,” as that term is employed herein, means abrasives having a
hardness, as measured on the Knoop Hardness Scale of at least that of cubic boron
nitride (CBN), i.e., a Koo of at least 4,700. In addition to cubic boron nitride, other
examples of superabrasive materials include natural and synthetic diamond.
Suitable diamond or cubic boron nitride materials can be crystalline or

30 polycrystalline. Preferably, the superabrasive material is diamond.



"Superabrasive,"” as that termis enployed herein, neans abrasives having a
har dness, as neasured on the Knoop Hardness Scale of at |east that of cubic
boron ni twodeioeBNp, i.e., a Kioo of at |east 4,700. | npraudisteoomoiser cubic
boron nitride, other exanples of superabrasive materials include natural

and synthetic dia nd. Suitable d|a nd .or_. cubi.c hor n|tr|de‘ ma;e |als
can be crystallin 8?“&?6%%‘?‘{&'?‘3@‘@ n thefopp o gainy %’@?ﬁ@}

material is gigerabRskiviGamURAMRREASIMRe RERIdAdani Bt dmalﬁé}ﬁcar%e?&iuy%al n,
al so known as "grit. he superabrasive grain conponent of the invention

can be obt ai mnbwmmmr@ulcw oBeraall¢heapembrasivecempldyeddorthe piessnt t he

super abr asi ve enp I n the rese nventi on ha nunb rage
particle si zlenvlerrll Olyaﬁr‘?g’éunalferﬁg Harhﬁ%ﬂzedngrm%ero}pg{%@g %W?qg nmm and
about 60 5™M mitreimeterdinyicrdndumpand ot 60 fuh. | Brefeatly,thé partiefe émtmeﬂ about 1
mnm and about 60 mm A particularly preferred size Is 1-2 mm "Nunber

average, " asTangaef beteen sba| sy ead peowsi6A nmveArparticdarhepretaired sizetih d-2 al ue
wher e one- ha e} J t. hal f
o Dol ow 1 helar dulntes BEGbbE B ARPHHR'S ilplodeBRA, bikfpd Meticdii oBRE 10 7
present in awvalagrohbte @ie-lalf dfahs pardibleiiopQlafidn lnyabo&b inevadiie artboriedipf Bbr asi ve
tool. In ano nbodi nent, the superabrasive grain conponent is present

in an anount ‘gﬂw ¢ ¥Mye of bet ween about 1% and about 20% by vol une of the
super abr ggi ve t ool ofDERLRfifERL AR pLabYEHe Ybmpdh L6 by

vol une of the supenr%bralgtl)vé toofm R one en‘g?aﬁ?rrén?& éﬁlﬂ%@}&t“ I’|;Led

super abr asi vampumtddat leaft abhuat Q. h%dm vanme of thedmpembmsasyye tadir ds anatheronponent

e el e OISR S5 S S S B SRR SR ©

embodi nent, bh&t@u@%@m %] MR HRIPEEHy Vlukdsf t\hbtsﬁﬂ)érh@t‘asl%lﬂﬁﬂ aheRsi ve
product is dianond. In a particul arlémp;referred enbodi ment, the vol ume

rati o of di apisirtably betweenfabeet 236 aud ebersdR¥nby wélumecofithe mmra@aasswgeolabr asi ve
comonentS 15 a sultt S Rt By VR ERHbERYE pegHife g eeflor o
includes a superabrasive component that includes at least one member selected from
the group consisting of diamond, cubic boron nitride, zirconia and aluminum oxide.

In one embodiment, the superabrasive component of the vitrified
superabrasive product is diamond. In a particularly preferred embodiment, the

20  volume ratio of diamond to vitrified bond component of the vitrified superabrasive
is in a range of between about 3:2 and about 1:99.

The vitrified bond component is a suitable vitrified bond component, such as
is known in the art. Examples of suitable vitrified bond components include at least
one member selected from a group consisting of silicon dioxide (SiO,), boron oxide

25  (B,0s3), aluminum oxide (Al,O3), alkali oxides (Li,O, Na;O, K,0) and alkaline
earth oxides (CaO, MgO, BaO).

Typically, the vitrified superabrasive product of the invention as configured
at least a component of a grinding tool. An example of a suitable grinding tool is a
wheel.

30 In one preferred embodiment, the vitrified superabrasive product is a fixed
abrasive vertical spindle (FAVS). An example of a FAVS, is shown in the Figure.

As shown in the Figure, tool 10 is configured as a wheel having a base 12 about an
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Is knowmn in the art. Exanples of suitable vitrified bond conponents include
at | east one nenber selected froma group consisting of silicon dioxide

(Si @2), bwoanionogae (B2C3), al um num oxi de (Al 2G3) , al lpalriuseoovdexs2( Li 20,
Na20 K20 and al kaline earth oxides (CaO, MO, BaO). Typically, the

vitrified super r.oduc he invention.as configured | east a
conponent of 3?1 2{& pgxa@pter iﬁ W;‘ﬁﬁll ypperSAbLRsiYSemegt ?#:ﬁli’%%eo is a
wheel . I'n ongemhelebf Bide D ABGIBIY sechfdfit M4ichb leﬁib%dm%ﬂ?%fabhﬁﬁbe{e pr Oduct s
a fixed abrasive vertical spindle (FAVS). An exanple of a FAVS, is shown in

the Figure. Apesihaanivd prodie ofithpinzentiaol| Typirally, basa il beeela dismeterivel  havi ng

Ceqmont 16 aliee of REvBed iSO BEhBa TR vugfedro ol nERPRLYE .07 7' €

embodi nen§ ohbrasive bédnhdr@ il bR ab&@%lo\f‘beﬂw&ﬁ dBbut millifhetedy @hnl) @Ad about
Typi cal ly, base mnll have a dianeter in a range of between about six inches

and about t wéf willimgiers and hpee ﬁé@@htofbﬁtwen@ama?smu §t@gﬁwmahmu110 be in a
range of bet have
LEnlatn of TGRS b nfelllds de et il Wiher B (S iad, Ml suleie BohdiRt "
descri bed w ghindiag byedsta&oﬁ abdubehdit aMis. eln aedleecaunbaxlnitercfarzkmftem rgfauoﬁlbﬂg by
rotation aboyt thel In a direction counterclockwi.se to a rotatjon of

the axis of ev@éfseq tlﬁb Epgﬁﬁﬁmﬁﬁ’yﬁh"et‘{"&oMet Ararinding watesabyuseeff er s
by use ofggr gﬂ%ﬂgﬂﬂé&@'ﬁ @és%ti)éél @ﬁﬁt?és'ppﬁqo WM B {u%sa?gﬁﬁo&/ﬁ’ il e Figure

are known in-the not e inve tlon IS a
super abr asi vertm xt ure t hat |ncludes a gl ass powder, a superabrasive grit, a

bi nder and silico car ide.. I.n a particul.arl referred enbodlnent t he
super abr asi ve. gr 11 AT FEbodimiTen e JATHER 154 SIPCrB ST TR A ol uns
ratio of SUpﬁfcﬁere@ﬁ 'gl/e@s BBWHeF Q sIHANATaNONBA, albbndePaid §iBB&IEcRbideeTvgen about
3:2 and about 1:99 | es of suitable glass powder include silicon

di oxi de (Si Ce3tticeerly ﬂ?erﬁIIr@?eel(lB)@’n)ent @B@Wﬂ@hﬁ%w gut inpludexsdiamedd pot aSSI um
oxi de ( K%)) pg'[hgulg{e. %ien%ra‘fil@,sth% W(ii é ratio of superz‘?fbram% gn% {2) gﬁgsstp%%&der ik a

range of between about 3:2 and about 1:99. Examples of suitable glass powder
include silicon dioxide (SiO;), boron oxide (B,03), aluminum oxide (Al,O3) and
potassium oxide (K20). Preferred glass powder, or “frits,” are those that have
relatively low glass transition such as in a range of between about 450°C and about
20  800°C.
Examples of suitable binder include polyethylene glycol, water, a mixture of
polyethylene glycol and water and colloidal silica.
In one embodiment, the SiC is 1200 grit “37C” SiC from Saint-Gobain
Ceramics & Plastics, Inc., Worcester, MA. Preferably, the silicon carbide is present
25  inthe mixture in a range of between about 0.1 and about 5 volume percent of the
total amount of glass powder, abrasive grit, binder and silicon carbide components
of the mixture.
In one particular preferred embodiment, the superabrasive mixture includes a
glass powder that includes at least one member selected from a group consisting of
30 silicon dioxide (SiO;), boron oxide (B,03), aluminum oxide (Al,O3) , alkali oxides
(L120, Nay0, K,0) and alkaline earth oxides (CaO, MgO, BaO). The abrasive grit

of the superabrasive mixture includes a diamond particulate having a number
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relatively low glass transition such as in a range of between about 4500C
and about 8000C. Exanpl es of suitable binder include polyethylene glycol,
wat er, a woxbiuwms4b pol yet hyl ene gl ycol and water and ceklraisde9/osiski ca. I n
one enbodi nent, the SiCis 1200 grit "37C" Si C from Sai nt - Gobain Ceram cs &

Plastics, Inc., Wrcester, .MA. Preferably, the sil.icon carbide is present
in the m xt uP¥TREE %nglﬁ@&%?aﬁa&&wéﬁe%mabwlo- Hﬂcraﬂﬁﬁ?‘?%b%ggﬁﬂcrﬁéﬁ’cent

of the total ;adBuBleithe GhAS PatRAVIARE st’i‘%i\\’eeto%lis"s pakticndgs i@@%ngé bcon

car bi de conponents of the mxture. In one particular preferre nbodi nment ,
t he super abr &stiwgen about Grandatiout @99 T dsslep onwtiates ahizastione mepatser a¢lettedst

one nenber seglected from.a.agr congi sti.ng.,of silicon diaxide i O2), .

bor onox de- 1890) EouRieBRYHid S HRUE ApSs b1 wpkt g o PoFnRa 20

K20 and &l kglycorarfiakitbr hel cdf1idalsifica MR siBadd carlide oRBhipabiesiGd infixtifest he
superabrasi ve m xture includes a dianmond particul ate having a nunberaver age

particle sizithg farm afpastieles bating anumbeuavetess partidlopige imairange of betvean cr ons,

and wherein SS - i uper abrasi.ve to.qlass.particles..i in a
garer Cha; i TRl SaFbabl o BHREAE HREN el R WibiRE s eefidhe| " o
menber sel ectsddufe ranangyuauih £ainge o bétveorh alfslt Peit d sboat §hvykale patedntbf a

m xture of polyethyl ene (%Ilg¥col and water and colloidal silica. The silicon
carbi de of stiSPRbARSURLOT Hass ppwder, abrapive gHE inster pag siliconearhigdei ng a nunber

average part E&hﬁor?én?seoﬂt e fhiXidftd GIB?)ES Qﬁltb%ﬁﬁ‘en@,t{i?é’lkw%tr#régi% AGuRNgaabout 20

m crons, wherelh the silicon car I'S present e mxture in an anount
in a range ofrdepbodepreatnsot totr Vitrifinedl superabrasiveqiredret.per cent of the total

component s of ¢ he Amiigtid BF Rtk a VHHBEdERbra HoP ORI P OISR IR xtur e 1 s
Form g a Vi e o e OB ¥ o i ng
a green body bindar ardrsiliconecartidey| Thegrsembiedy isfirsdipedeatanasnosphgreiand a bi nder
and sili ton fi%rs?drg,eajnd-gp § te%rlp%era ulbeosdu)fﬁ(i:igntftio rfgrcrin ) rﬁgreorus %ﬂri?itecrirgggpe?a rraesixa}end
structure.
The green body, or superabrasive mixture, employed in forming the vitrified
superabrasive product, has the features described above with respect to the
superabrasive mixture or green body embodiments of the invention. A
20  superabrasive mixture of the invention is formed by combining the components of
the mixture in a suitable manner, such as is known in the art. A green body of the
invention can be formed from the mixture, also by a suitable method, such as is
known in the art. The green body typically is fired under an atmosphere at a
temperature in a range of between about 600°C and 820°C for a period of time in a
25  range of between about one-half hour and about ten hours. The fired product is then
allowed to cool by a suitable method, such as by naturally-cooling of the furnace, to
thereby form the superabrasive product of the invention.
The invention is further described by the following examples which are not
intended to be limiting.
30
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pressure, and at a tenperature sufficient to forma porous vitrified

super abrasive structure. The green body, or superabrasive m xture, enployed
i n form mngotzhe/oes43ni fi ed superabrasi ve product, has thepteatsasesonescri bed
above with respect to the superabrasive nmixture or green body enbodi nents
of the invention per abr asi xture of the invention is.fornmed by
combi ni ng t he conﬁgh‘(gﬁtpgr%ftyt" Hé‘}tlﬁﬁl g]ta\!ﬁ*(gldl SHpgra ‘tVSBFrlécrHﬁrf%éLe Inygpiies i s
known in t hevakinadé fﬁﬂfgmwu&f faGpdaMasLk 1B& fip P Badraagat he

m xture, also by a Sbgl bl e rreth(g)d sﬁch as g&k a%q/\%] fén 1the art. Tﬁe green
body typi cal siicps carbrdgcbowdgnrA anxtarmfstbhebxesm geain,qgigse fiit andesiliconecarbidge of

about  ono- halFo PR sl Bindis RS a3dado it 18R cpeRiibT PLHBimAR T ouea

to cool by answbmaialperdmta@@doef&amn@s\wby 1984 Giagdonil; 8@RIlAR8 fief, 1946f diar nace,
to thereby formthe superabrasive product of the invention. The invention

is further d8§kyﬁrlwéf‘dletg}yq0hel Vater Ga)gsoéu@mpmssu%a@hu@prearm wappgaddad to be
Structure of TS PGB INBRAR e FoREINSE R ATRA BRELANAT. 1P

grain, a gl aikidn Carbxd:e (b(brpdﬁfloﬂ,r[ds,a Bidmahdrofgeit bize @ - Daieten wal obiakiedr € of

t he abrasive ab ss frit and_silicon carbide was earedflrst and
t hen, bi nder f'i%ﬁé pgoyaglonﬂqg OBapS4- Glass fot u%eIGFé’OFﬁB@F OWH}gume
percent age, Bgf, ftori 0 aRs, s SiC
Pol yet hyl ene gldsi?g?%%e@ﬁ?l%G @egpgtf@gﬁmz gg ﬁ}ﬁ bgl'&r? er and it was

used in 15 n#sQ..percentage of the above mx The pol yet hyI ene gl ycol vvas

pur chased from UniQ orat on, t size 1-2
m cron was obt ai néb‘?f)mrét% gt‘Yaéﬁ’ tql?ﬁ?’l f’%‘@' Ibggrafl}‘?st used
conposed of @piamsnmcowgﬁgsteﬁmsﬁzm BaO CaQ, FeZCB K20, Li 20 MO

Na20, Si 2, ZnO and Zr2. SiC of 1200 grit was used and it was obtai ned
from Sai nt - Gobai n Adkthggpmponents of the mixture except PEG were weighed in a steel bowl

15  to obtain the above-described superabrasive mixture. A steel spoon was used to
blend all powder components of the mixture until a visually homogeneous mix was
obtained. The blend was then screened three times through a 165 mesh stainless
steel mesh. (Generally, the mesh size can range from about 40 to about 400 mesh.)
Binder was added to the mixture in the amount specified above. The mixture was

20  again spoon blended until all the binder was integrated into it. The mixture was
screened once using a 20 mesh stainless screen mesh to obtain granules. (Generally,
the mesh size can range from about 4 to about 60 mesh (stainless).) These granules
were spread on wax paper and left to dry for one day. (Generally, the range can be
from about 1 hour to about 3 days.) After the drying, granules were screened using

25 a 16 mesh screen. (Generally, the mesh range can be from about 4 to about 60
mesh.)

The theoretical density of the final mixture was calculated using information
on their proportion in the mixture. This information was used to obtain the weight
of the granules needed to make a disc 5 in diameter (Generally, the range can be

30  from about 1” to about 10”) and 0.200” height (Generally, the range can be from
about 0.100” to about 5”). To make the green body for firing, dried granules were

weighed and transferred into a stainless steel mould 5.00” in diameter and leveled

8



& Plastics, Inc., Wrcester, MA USA. Al the conponents of the m xture
except PEG were weighed in a steel bow to obtain the above-descri bed
super abr asoweloniosizur e. A steel spoon was used to bl end atir/ysesd®o2s21
conponents of the m xture until a vi suaIIy honbgeneous m x was obt ai ned.

The bl end then reene I e hr ough a 165 ne t ai nl ess st eel
oo € o kg 8 il Sl Rlaes. DR who P arnyld SR e gt HADSRgedo0in s 698 reah )

Bi nder was agigegtit 9rés§'eArBré§steeoﬂ m&%%eupﬁneme%élae%r@&a% The m xture
was agai n spoon bl ended until al bi nder” was i'nt egrated |nto it. The

m xture was $§@eresaibd thgaegesambe ﬁom@bnets(hlmabmitéééfosbnze)an mesh to obtain )
ranul es. (Cenera the sh sjze.ca rom 4 a 0 nes
?st ai nl ess).) Thewhygg%rgﬁrb‘)(re% ‘O(Esrtéarbs&%gi ng)nag 5&59@%&5@?%%“&@%%8*{ for
one day. f§Cenesapplied: 5PE&/niiaighp ERPHSIIE fiéh MR Whpekatifd sodlofor BO Whindt days. )
After the drﬁﬁn%m%ranul es were screened using a_16 nesh screen.

(General |y, ﬁ/mah@elpctaﬂosélfsoelﬁf%’d@tmm at 30@6oand the nn@s&lln cophe

t heoreti cal Is o [ L c rmat i on
on their pr opo |ut(1)¥1he| aES" ]trﬁe%a% éEFEJ h%i%ﬁ%aﬁé%gt :ﬁoﬁm\ﬁisgﬁ%gg% tal n the
wei ght of theltgnmudsemlneaaﬂedgémvﬁ&h&nanwlm%enS(Alsa gbnéf&l@@ﬂle(rﬁegbedfal ly, the

range can be from about 1" about 10" nd 0.200" hejight (Generally, the
range can be ?‘?Rﬁﬁtwt@f%ﬁ@ﬁo?& @ﬁ&&yz%ﬂbc W%RWQWéflgpééﬁnbéé)?’m or

firing, i edpdlitdMUAGSs WS u‘("?OﬂPﬁg. and transferred into a stainless steel
moul d 5.00" in dianmeter and | eve using a small steel plate. The whol e

nmoul d setup was na“\lvemsalhsfwupedbmst\m peodumt bad &tthﬂl’ymomoemhavhgaa essure of
1 Ton/in2 wa lied to gr.een hod Gene 94 the .ran

f rom about Oa'f"{)eg RS t?é“ %@%2“3"%5 %ﬁgéﬂorﬁﬁ Mgant%rdgﬁég? |nto a
furnace and B@tlv\}e@ﬁ\’aB&anOO'urﬁgaﬁ&t@ﬁ%eaﬂtﬁﬁleﬁp%%@gsgeétqaﬂb oOf HRPoréQwa> 0C
fromroomtenperature, soak for 60 mn at C/mn ranp to 7000C, soak

for 240 min lgss tRoEbownki2+ Rerosiy of melsyp@@maswgmdunt wheestimatettto. beTha
furnace no r | er suitable alternatives include
% v go?b%@feeg a{)Out%Zl@ggn % égg‘?

ni trogen,” vacuogm an %y, the range of
In other embodiments, essentially no bubbles will be larger than about 800

um, or no larger than about 500 pm. Further, in preferred embodiments, about 80%
of the bubbles will have diameters in a range of between about 60 um and about 500
um, or between about 80 pm and about 300 pm. In still other embodiments, about

20 80% will have a diameter between about 150 pm and about 250 um, or between
about 200 um and about 300 pm. Further, in preferred embodiments the average
aspect ratio (largest:smallest diameter) of the pores is no greater than about 1.5, or
no greater than about 1.3. Still further, in another embodiment, the porosity is
between about 50% and about 90%, or between about 60% and about 74%.

25 The fired body was dome-shaped. It was lapped into a disc shape to easily
cut out segments for making a superabrasive wheel. A speedfame double sided lap
unit was employed for lapping. The lap unit used 280/400 grit SiC for lapping. The
lapped plate was cut into segments using a waterjet cutting machine. These
segments were mounted on a 5” wheel using glue to make a superabrasive wheel of

30  the invention. A second wheel was then made to the same specification.

The wheels were tested on a backgrinding machine (Disco 840 machine).

The wheel was dressed using an extra-fine pad. The wheels were used to grind 8
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tenperature can be from 6000C to about 8200C, and the tinme for firing can
be from about 0.1 hours to about 10 hours. The resulting superabrasive
product hwo 2ess@sisnal |y no pores having a di aneter greatrer/usban/o2s01 mm
About 80% of the pores had a dianeter in a range of between about 100 mm
and 200 mm and the average aspect ragtio of the pores was | ess than about
1.2. Porosi ty‘cng‘lt"Hé ‘@ﬁéf iﬁ?é jcpB Vﬁ?‘?&d‘@l’e eveh ggundy atr‘b“@’ewh??la range
of between a % @, ut 9 Wy T : 4 no
bubbl es wi || ?(gel&Yegﬁ)g)er thgéng?alotgﬁl'ga{%eﬁ)g r%%iclagﬁmﬁ%hﬁgéger ?ﬁ'aﬁﬁlzeg%ftf@gé% nm
Further, in preedneentaddeahtatati wearnused mixyatua@(de gfinding perfobhawxeni All thafeed
di aneters in r ange 8f. et ween about 60 mm and about 500 nmm or between
about 80 mné%ﬁfaa{ﬁgﬁtf BEHAY1 n still other enbodi nents, about 80% wil |
have a disaneter between about 150 mm and about 250 mm or between about 200
nm and about [{Rb FarThner, T TpRlElREhEd enmpoar e tEMkam%%ﬁhgge aspygct
ratio (largept:smallest dianetef TN 1he B res is np greater an about
P PO ¢ her b Snot hor apdodi opaod

1.5, or no gfeater—than—abott—H—=- H—eHtHher—Hi—anet-her—erboedrent
the porosity Fc between about R’)g/rgnqlrlag-ﬂmlf Q0% aqr I§§r'\1\é-c1\n abhout 60% 4nd
about 74% Thé fired body was dpfs.9R3afdd. It was | 73nto a disc shape
to easily cuf3out segnents for plsi A, B.2super abr asi y8.4v8& . A speedf ane
doubl e sided lap unit was enployed for lapping. The lap unit used 280/400

grit SiC for |appBReh thEReheeRRREW cﬂh@hﬁn"éﬁéc&h‘ﬁar&ﬁl&?&%@&%ﬂlﬁe fded Ble?
wat erjet cutting nmachine. These segnents were nounted on a 5" wheel using

gl ue to makeDarisg the st angd sesondhtests, 39 wafres and, Ehwafens weresgrownrd] wheel was

t hen made toretsh SR specification. The wheels were tested on a

backgri ndi ng AC |re1é/'(Di sco 840 machine). The wheel was dressed using an
extra-fip@ pad. The wheels were used to grind 8inch silicon wafers. The
silicon wafers were rough ground with a rough wheel followed by fine wheel
- the sane s 1.f i menti oned above. Three different increnental feed
rates were uggﬁhpés‘%fgate the grinding performances. Al the feed rates

are listed in the_table, | i ) ) )
While this invention has been particularly shown and described with

reference to preferred embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

15  departing from the scope of the invention encompassed by the pending claims.
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Both the wheels drew current in the conparable range at all the feed rates.
During the first and second tests, 25 wafers and 75 wafers were ground,
respect i web2o10BQRISWALENTS Whil e this invention has beenpparuseaaloeasty shown
and described with reference to preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
details may be nmade therein w thout departing fromthe scope of the

i nvention enconpassed by the pendi ng cCaiamssCLAI M5 What is clainmed is: 1. A
vitrified superabrasive product, conprising: a) a superabrasive conponent;
and b) a vitrified bond conponent in which the superabrasive conponent is
di spersed, Wwkriiochingediki ri fi ed bond conponent defines pores that are
essentially all less than 800 mmin dianeter, eighty percent of which are
in a range of between about 60 nm and about 500 nm have an average aspect
ratio | ess tHan aWbvitrifiedssupgradrasineepradysbreosinrisinga a range of between about
50% and about 90%, f t t super abrasi ve product. 2. The
vitrified superabr Si vte}esf)lbgré tsx’gfcgﬂfbogér%]ltii}l%mherel n the superabrasive

conmponent5i ncl uded)at laedsifiedendesiponatlieohit the SupctdiRagivecynsomeat 8t i ng
of dianmond, cubic boron njtride, zirconja_and al um num oxi de. 3. The
vitrified superabrasi véh%!i}F@Bﬁ’c‘f’h‘HFméh"ai’Wilﬁed Wf&"@mpqnﬁét dsfines Rereathal e

conmponent i s present '@I@&s@ﬂ{&?l?tadl'l@ss%&?‘w m\gl Ve@ﬁ%e{%& ofind about

20 vol une percent of the vitri di anond st pera e vitrified
super abr asi ve product ofhich alennarawgwe)féuenveehelbnumﬂbmmamélahgm 508t dlagesi ze
of the superabrasive conponent is i F% about 0.5.m crons
and about 60 microns. anaverage aspect ratlo lesst ana out aveapor051ty ina

10 range of between about 50% and about 90% of the total volume of

the superabrasive product.

2. The vitrified superabrasive product of claim 1, wherein the superabrasive
component includes at least one member selected from the group consisting

15 of diamond, cubic boron nitride, zirconia and aluminum oxide.

3. The vitrified superabrasive product of claim 2, wherein the superabrasive
component is present in an amount in a range of between about 0.1 and about

20 volume percent of the vitrified diamond superabrasive.

20
4. The vitrified superabrasive product of claim 3, wherein the number average
particle size of the superabrasive component is in a range of between about
0.5 microns and about 60 microns.
25 5. The vitrified superabrasive product of claim 3, wherein the volume ratio of

diamond abrasive component to vitrified bond component is in a range of

between about 3:2 and about 1:99.

6. The vitrified superabrasive product of claim 1, wherein the vitrified bond
30 component includes at least one member selected from the group consisting
11



5. The vitrified superabrasive product of claim3, wherein the volune ratio
of di anond abrasive conponent to vitrified bond conponent is in a range of
bet ween aboubiodio®4zand about 1:99. 6. The vitrified superabrmsiogposeoduct of
claim1l1, wherein the vitrified bond conponent includes at | east one nenber

sel ected fromthe group consjstingof silicon diaqxide. (S OQ2), ron oxide
(B208), al umi num 8 F@‘ég’c 0% %(%}8731 Ragep °659F3§%63( L?lm'éq{afédekggpsbnd
al kal i ne earth oxiafah GSROLIBONEBAL,0) dhd allbfinkichith bifis FERG MBpAST Ve
product of claim1, wherein the vitrified di anond superabrasive i s
configured as at IB#8St a conponent of a grinding tool. 8. The vitrified
super abrasive product of claim7, wherein the grinding tool is a wheel. 9.
A vitrified superabrasive product, conprising: a) a vitrified bond
conponent5i nGl udi Mesiitrified sapdatiasivd froduUretdify1 , @heddin tigasitrifaddctibimbad t Y
percent of the total volune of the vitrified dianond abrasive; and b) a
super abr asi ve conPBprelragye seqoatiguted as pelegstardompegenii@ grdingent | t he
super abr asi ve conponent consisting essentially of particles having a nunber
average particle size in a range of between about 0.5 mcrons and about 60
m crons, and8wher dihe vithi€ied ohperEbrasive prodiictsof Ridimbr, asievein clengriiiny tobbistahe
vitrified bond conponent is in a range of between about 3:2 and about 1:99.
10. A superabrasi eﬁ%-xture, conprising: a) a glass powder; b) a
superabrggive grit; c) a binder; and d) silicon carbide. 11. The
super abrasive m xture of claim10, wherein the superabrasive grit

9. A vitrified superabrasive product, comprising:

a) a vitrified bond component including silica and having a porosity of
at least about fifty percent of the total volume of the vitrified
diamond abrasive; and

15 b) a superabrasive component dispersed in the vitrified bond
component, the superabrasive component consisting essentially of
particles having a number average particle size in a range of between
about 0.5 microns and about 60 microns, and wherein the volume

ratio of superabrasive component to the vitrified bond component is

20 in a range of between about 3:2 and about 1:99.
10. A superabrasive mixture, comprising:
a) a glass powder;
b) a superabrasive grit;
25 c) a binder; and
d) silicon carbide.
11.  The superabrasive mixture of claim 10, wherein the superabrasive grit

includes a diamond particulate.
30
12. The superabrasive mixture of claim 11, wherein the superabrasive grit has an

average particle size in a range of between about 0.5 um and about 60 um.

12



i ncludes a dianond particulate. 12. The superabrasive m xture of claim11,
wherein the superabrasive grit has an average particle size in a range of
bet ween aboubi0dod43om and about 60 nmm 13. The super abr asipee/useomwoms2pf cl ai m
12, wherein volunme ratio of superabrasive grit to glass powder is in a
range of between about 3:2 and about 1:99. 14. The superabrasive m xture of
claim 10, wherein the silicon carbide is present in the formof particles

having a numher avgeagserREialive hfix@kZer difinf12, AMiR voRMid¥asH ogbout 0.1

m crons and about 20 crons. 15. The superabrasive mxture of claim 10,
wherei n the sili cowpearahrbsite gristoglass gotvdenistime rarigetafbetwaenaboanblandi n a
range of between an‘#t_ 1 and about 5 volune percent of the total anount
gl ass powder, abr 8894}d- rit, binder and silicon carbide conponents of the
m xture. §46. The superabrasive m xture of claim10, wherein the gl ass
powder includes at |east one nenber selected fromthe group consisting of
silicon dioxilfle (Zhesyperghragive mixwiee ¢Bdam) 10, avherdin thn sh¢anecarhide is @sent

T he super abr adt e TR PEPATR MRk Ryt Sk RS B e o)
| east one nenber $eivaehabodtrMiidtongaligbouod@ niitrong of pol yet hyl ene gl ycol,

water, a m xture of polyethylene glycol and water and colloidal silica. 18.
The superabrasive m xture of claim 10, wherein the mxture is in the form

of a greef bQEy. The superabrasive mixture of claim 10, wherein the silicon carbide is present
in the mixture in an amount in a range of between about 0.1 and about 5
volume percent of the total amount glass powder, abrasive grit, binder and

silicon carbide components of the mixture.

15 16.  The superabrasive mixture of claim 10, wherein the glass powder includes at
least one member selected from the group consisting of silicon dioxide
(S103), boron oxide (B;03), aluminum oxide (Al,O3) , alkali oxides (LiO,
Na,0, K;0) and alkaline earth oxides (CaO, MgO, BaO).

20 17.  The superabrasive mixture of claim 10, wherein the binder includes at least
one member selected from the group consisting of polyethylene glycol,

water, a mixture of polyethylene glycol and water and colloidal silica.

18.  The superabrasive mixture of claim 10, wherein the mixture is in the form of

25 a green body.
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