WO 00/ 73023 PCT/ US00/ 11406 ABRASI VE TOOLS FOR GRI NDI NG ELECTRONI C
COVPONENTS This invention relates to porous, resin bonded abrasive tools
suitable for surface grinding and polishing of hard materials, such as
ceram cs, wetef/z2and conposites conprising ceram cs or neraraisoli@os
abrasive tools are useful in 5 backgrinding of silicon and alum na titanium
carbide (AITIC wafers used in the manuf acture of el ectronic conponents.
These abrasive tool s rind ceramcs and conductors at _conmercial ly

accept abl e maERAPIMEERBRAS F@Be@RéM@W@@-IE%PN'@&@UP\QN%NT%s wor kpi ece

damage than conventional superabrasive tools. An abrasive tool designed to
yield faster and cooler cutting action during 1o grinding is disclosed in

U. S. - A- 2, 806, Thig invERtioh eslhteeabd ipard\ss, adsihiborbed abbabiviosiesuitadlecfont abr asi ve
grain in about 15 to 45 vol une Per cent resin bond. The tool also contains
about 1-30fags aiifginseared peliting ek "éafgdb@@ﬂﬁlsgﬁ‘d%ﬁ%§efa§ﬂi§% rgetals and f i ed cl ay

thin val éo‘?ﬂ J lscﬁwgﬁgg ergﬁﬂc% or. rﬁ telh g ﬁe Q? % mlsoéremas%h |€f\ﬁ<panded

(I nt UI’T'ESCGI’] canl Cc si ass 0 separate the abrasive

graire pabédl«glnﬁdmgldi’ sfliebn la@l'dtaummttttamgnﬁwbldes(ﬁlTudi)IWaf@sQj‘setih@th?ﬁI ndi ng
face with debris fromthe workpiece._The pore support granul es are
sel ect edmaputastup Slielestropicieompanents These @lpr@é'vsﬁwlﬁ@r@ CEEANIESEM n.  An

abrasi vesd g éorﬁﬂ%&%é %k@gmg@ééﬁzg;gé@%ﬁéqﬂool HHIerh?o%a%‘?eé‘Qn&‘Wh%%l\)GSar grain

i s disclosed as an open, poOrous structu

and 20 fat@sewﬂhuéssngombwca@amagﬁuhaa .coReentibriad sopstabtmdlestopsde accor di ng to
the patent are used to grind rubber, paper fiber board and plastics.

Er odabl e aggl Aheprsie teobdesigned iraveld asts é§¢\?@°{966pg'"§raét'aﬂ slerisged in
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abrasives. An abrasive tool suitable for grinding surfaces of sapphl re and
ot her cefPHARS afb@uéﬂﬁ&\sow@em%@%%aor%swpgrtQXBBU@WSW& wirified cide t ool

s cont aiis BEL Ak filyddondhea TR0 LONMAE biNbo] b hEdedomlLy x compri sing 2

to 20 vo ant Yo porosity. 30
The abr aenwmds@eht) pbﬂ@é\/(kldldi‘artldﬂellled glalsa)/t@ deplargtedhe abeative glalh paticlebact ory

in fine precision surface grindi n%h pol i shing_of ceram c conponents.
TheskS t ofsir deftar gutting and less Ioadmg of the grlndmg face with debris from the
workpiece. The pore support granules are selected to be about 0.25 to 4 times the
size of the abrasive grain.

An abrasive tool containing only fused alumina bubbies and no abrasive
grain is disclosed in U.S.-A-2,986,455. The tool has an open, porous structure and

20 free-cutting characteristics. Resin bonded wheels made according to the patent are
used to grind rubber, paper fiber board and plastics.

Erodable agglomerates useful in making abrasive tools are disclosed in U.S.-
A-4,799,939. These materials contain abrasive grain in resin bond materials and up
to 8 weight percent hollow bubble material. The agglomerates are described as

25 being particularly useful in coated abrasives.

An abrasive tool suitable for grinding surfaces of sapphire and other ceramic
materials is disclosed in U.S.-A-5,607,489 to Li. The tool is contains metal clad
diamond bonded in a vitrified matrix comprising 2 to 20 volume % of solid lubricant
and at least 10 volume % porosity.

30 The abrasive tools known in the art have not proven entirely satisfactory in

fine precision surface grinding or polishing of ceramic components. These tools fail
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1 WD 00/ 73023 PCT/USO0/ 11406 to neet rigorous specifications for part
shape, size and surface quality in commercial grinding and polishing
processes. nmerci al abrasive tools recomended for pgsRishiimbEn
operati onswgtratz/%roggi n bonded superabrasive wheels designed to operate at
relatively low grinding efficiencies so as to avoid surface and 5
subsurface danage to the ceram c conponents. These comercial tools

typi cal | t al V, &Em ' rasi ain having a
maxi num é?giq%é} rgogoe&o eacg)fo&a}wéyfng%cp%g{ls. B‘ gkg%g%eﬁcgﬁélngtlygé are further
reduced cwenrherdidl grintlimgdenicyoishinggsratessasorMpstapaiméiat labgadivietosieel face,
requiring frequent wheel ~dressing and truing to maintain precision forns.
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conponent §, r foJnll ' r etic
heads an%sﬁnqh s?gil @;Bb%?%@ﬁ%ﬁﬁgﬁ@gégﬁ@gg egffc\c{)%/\'fw& oér’(?ia%ﬁ? 8% eséJ rgt%%\%g tool s
for fisne subsadace damgye ndthegcerachip obinpbhamtsofTheee athisereldl tadihgpidady d,
brittle materials. The invention is an abrasive tool conprising a backing
and an alficR&IDOVEl hy velsmeperseRt igmengdabrasive erainhavinga mMaxinsuR} @raife

percent aé?ié‘%é!@o&rsarbﬁro a%eeﬁr.%iﬁa ¥fierdidd Qrehfﬁythgrgre%ug%&(iﬁg‘ég%%qé; si ze of

) i
60 m crons, erelrn e rasive“rimconprises Tresin bo t | east 40

vol ume peenésricynsfl depavnic Workpietas e tidgthe amdel faeeatyq@iringefrediienit whaed resin
bond are present in the abrasive rimin a grain to bond ratio of 1.5:1.0
to 0.3: 1.‘8’?3%09?% IRNRRID MaINTYB IPEe@$ion firrMsivent i on are gri ndi ng wheel s

ar i nding machi e o B GERR Bl RRtor Bora MR R Bk B A e

abr asi ve sompaiemtgingprpductssacalas lédidinigdeviese(edd., ateraheabnetihisedarcki ng
may be a core disc or ring formed into a planar shape or 1nto_a cup shape,
or an el cHybdisalay Wipdguslofhesnags Rasgiown fgr improved gbrsivetoolsighénef the type

motal | sUTRCSENGTTON REpSISRRFof Rl R Ak BhEL Fpf bl ARG\ T2, e ©

ceram c or ot Efe imaémstidnait ain €urdsiv@Yod)@omprieMYas backiny ah@Bhrgsi®s rim
conbi nation of these materials. The backing may contain particles or fibers

to A& nfe@ntaininga maximum ohabael 2 tanl$ velugie percent alirasiva grrinsthgl aksasivei | i ca,
mullite, &Lawrriwé\ﬁng a maximum grit size of 60 microns, wherein the abrasive rim comprises

resin bond and at least 40 volume percent hollow filler materials, and the abrasive

grain and resin bond are present in the abrasive rim in a grain to bond ratio of

1.5:1.0 t0 0.3:1.0.

20 The abrasive tools of the invention are grinding wheels comprising a backing
having a central bore for mounting the wheel on a grinding machine, the backing
being designed to support a resin bonded abrasive rim along a peripheral grinding
face of the wheel. The backing may be a core disc or ring formed into a planar
shape or into a cup shape, or an elongated spindle or some other rigid, preformed

25 shape of the type used to make abrasive tools. The backing is preferably
constructed of a metal, such as aluminum or steel, but may be constructed of
polymeric, ceramic or other materials, and may be a composite or laminate or
combination of these materials. The backing may contain particles or fibers to
reinforce the matrix, or hollow filler materials such as glass, silica, muilite, alumina

30 and Zeolite® spheres to reduce the density of the backing and reduce the weight of

the tool.



30 and Zeolite(r) spheres to reduce the density of the backing and reduce
the weight of the tool. 2 WO 00/73023 PCT/ US00/ 11406 Preferred tools are

surface grjggsg.heel s, such as type 2A2T superabrasive pBpgksoiddese
tool s have a continuous or a segnmented abrasive rim nounted along the

narrow | ip of a ring- or cup-shaped backing. O her abrasive tools useful
herein include type 1A superabrasive wheels having a planar core 5 backing

Wi th an abraspyfertddi i@%%dﬂ%e%h%iqﬁﬁé&ﬁf%&&ﬁftg@ém core, inner

diameter (1.D.) grinding abrasive tools wt Ive rimmounted on a
shank bsuperabrasvetveieals. ahie¢ss tool Iave a gbntimrdusadr aysegmertediabhasige nimeel s,
surface grindin tﬁ{)ls W th abrasive "buttons" rmunteg)éon a face of a
backi ng PRARES a8 GG RATaw P Of dier GG LUPTSBRESHEBENES OIRFTALSEEVE| ne
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attached to t abrasive rimin a variety of way cenent known in the
art foor backaghwiily aatabagsive ricoanoand e outer metainferenes of the dooe,dhher types of

backi ngs,. may be used. A suitable adhesive cement, AralditeTM 2014 Epoxy
adhesi velPTElRrl Pakdaiding, Aiestya taplB i) 21y SbFaSHeHN SMRUHES PR HiANKEast

Lansi ng, ; | ; : [ i G
attachne%%&(rgé.'gmtt agpgg? g??%?@adycﬁgé'ﬁﬁ@%’?@%@%?ﬁgggggh@ﬂé backi ng
pl at e t htooisyhitihebesivegbatiens”anoumtdd tamea face afradbaakirighplatta akdrogheaitadble, or by
dovetail caonstruction). Slots he grooved inpto the backing el enent and
the abr aSPRIBUFAtIANS Gisedso Saiyout finé odadimnd PAIshiAOREraHaNS Grkertont | nuous.
my e | Reedfpd into the slots and fastened 20 in place by an adhesive. |f
the abrasive rimis used in the formof discrete buttons for surface
grindi ng, theThabackisg sl attacimay tb¢herabraisee rontroatvagetyasflwayg. Wirtyhceanent
adhesi ve, or by mechani cal neans. The abrasive . grain used in the abrasive
fimis oA e it O SRCHPG SDiASIVE GOTBRPRRN!S £ el SopTRl O HaplienfyPeRd

synt het | g4 SR asRthy RN A Q1RE oS Te RMAARIABIdNE 20haepdsef Ul herein
6?1 a |ya udi ng,

are convention sive grains, Inc ut not imted to alum na
oxi de, saditesiedissavhilae frainplibaSpeadiaity ChemicatsCogrdratitn, Hast Latsing, silicon
di oxliSde, Méllclzhlilégnr?aozt. ércn%ggr?s’ o) gtcc:jlclg\nr%é)ri(tiir?cﬁbde(:%ré%kg%tcgloaqctsacthrr}qeern%?g.g.,and m xtures
abrasive rim may be mechanically screwed to the backing plate through holes
placed around the rim and in the backing plate, or by dovetail construction). Slots
may be grooved into the backing element and the abrasive rim, or abrasive rim
segments, if the rim is not continuous, may be inserted into the slots and fastened
20 inplace by an adhesive. If the abrasive rim is used in the form of discrete buttons
for surface grinding, the buttons also may be mounted onto the backing with an
adhesive or by mechanical means.
The abrasive grain used in the abrasive rim is preferably a superabrasive
selected from diamond, natural and synthetic, CBN, and combinations of these
25 abrasives. Also useful herein are conventional abrasive grains, including, but not
limited to alumina oxide, sintered sol gel alpha alumina, silicon carbide, mullite,
silicon dioxide, alumina zirconia, cerium oxide, combinations thereof, and mixtures
thereof with superabrasive grains. Finer grit abrasive grains, i.e., a maximum grain
size of about 120 microns, are useful. A maximum size of about 60 microns is
30 preferred.

Diamond abrasives are used to grind ceramic wafers. Resin bond diamond

types are preferred (e.g., Amplex diamond available from Saint-Gobain Industrial
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thereof with superabrasive grains. Finer grit abrasive grains, i.e., a

maxi mum grain size of about 120 m crons, are useful. A maxi num size of
about 60 RyELeHs2i S 30 preferred. Dianond abrasives are usegrie@fispé
ceram c wafers. Resin bond dianond types are preferred (e.g., Anplex

di anond avail abl e from Sai nt- Gobain I ndustrial 3 WO 00/73023 PCT/ US00/ 11406
Ceram cs, Bloonfield, CT; CDAM or CDA di anond abrasive avail able from
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vary dependi ng upon the nature of kpi ece, the type of grinding
process &nui- NH@rﬂRNaCP§pjijadlabras’olw avantabh)frkm 'Emeel(lDlamoI\(d @o., Ltche

rel ative orfance of renpval rate, ace ni sh, sur

[ at ness TRRIO<lAban: Pat6 Uil aoisi FitesiP aaidhie 2 D5 FRRth HYUpt Bbess

par anmet ermamoﬁgr[),v,g;sﬁngéﬁshgr@ Edam@ckarinding and polishing of silicon or
Al Ti C waf er s, superabrasive grain size ranging fromO0/1 to 60

m croneters (Gram sizarand typet sedectivnovill yaryt deperiing opnr(Iqulaa’(yregmfahend grit

I t 0/1 0/ 40 1 rre an /6 mcrons
e rost | HEKPEL e pltese SiNG Biotest BA A iR ARBTAICRIPhEEAORIRSS (e
used;fe. @ thé/%am@m%wamb%?Invaqeﬁan%hﬁa%prafté Y8 BeRlsh sbr@?fgéthéés D amond

Di vision, Berkshire, England). Finer grit sizes are prefer surface
finishi n@narsdlbpolrfa@dargageepbaﬁdzatfoauseimateegrmMrpmcess serameiersducﬂoor waf er

ft | ect t h b tta hed t ont face of the
3/af2; eI %0961%?%?%%}% omagp ave 'QF‘QSrPf Si'¢as or%l;b a‘ﬁ‘? 25 %e tools renove

mat eri al s{;perapFadive §fain @@&%ﬁglﬁg%ﬁpmﬁe ddﬁﬁ..c?ar%&frg X@T. LRsINahEH 308ut the

abrasi ve tools do ndt renobve as terial from C wafers due to the
har dness goif oAINGrionGadmpany ?lﬂamctndogrﬁ su’ale) fishsuitailes /1 tn20V40eniacdnisdésed a

o0l S50 NRIEPAVER SAHTKEES ROPSRIFierear MELPoa. o BN FaBIg n the
form abrasive types may be used (e.g., MDA diamond abrasive available from DeBeers

Industrial Diamond Division, Berkshire, England). Finer grit sizes are preferred for

surface finishing and polishing the back face of a ceramic or semi-conductor wafer

after electronic components have been attached to the front face of the wafer. In

20 this range of diamond grain sizes, the abrasive toois remove material from silicon
wafers and polish the surface of the wafer, but the abrasive tools do not remove as
much material from AITIC wafers due to the hardness of AITiC wafers. The toois of
the invention have achieved a surface finish polish as smooth as 14 angstroms on
AITiC wafers.

25 in the tools of the invention, the hollow filler material is preferably in the form
of friable hollow spheres such as silica spheres or microspheres. Other hollow filler
materials useful herein include glass spheres, bubble alumina, mullite spheres, and
mixtures thereof. For applications such as backgrinding silicon wafers, silica
spherés are preferred and the spheres are preferably larger in diameter than the

30 size of the abrasive grain. In other applications, hollow filler materials may be used
in diameter sizes larger than, equivalent to or smaller than the diameter size of the

abrasive grain. A uniform diameter size may be obtained by screening

4



of friable hollow spheres such as silica spheres or m crospheres. O her
hollow filler materials useful herein include gl ass spheres, bubble

alum na, mubhisg,spheres, and nixtures thereof. For appligatiQpsiigsch as
backgrinding silTircon wafers, silica spheres are preferred and the spheres
are preferably larger in dianmeter than the 30 size of the abrasive grain.
In other applications, hollow filler materials nmay be used in dianeter

si zes | apg@imdrBally abRHOERDE, §0 RfixtSPdd $led rlﬂgg behfsedl FrRtdredthdiounl’ 4t C\le)

abrasive grain. A unitormdi aneter size nmay be obtained by screening
00/ 73023 fikTThasoelsiford siicaowatargriading rmaararedd fori4 toet 30 micrometérstinr e of
si zes may,. be use eferre% hollow filler_materials for silicon wafer

... P
grindi ng Wé@ﬁtﬁéngglt#%m%e? S P49 aNRIabEHEPRY EMEFSO M'@Q.C@QRQ%%: e I
Cant on MRS R, Earfd WPIETRERge & SO 08 Qo RRES sbhiarsbeh Bl Pge '™

di ames er as@riageatiamefEnephbreasi ve grain and hollow filler material are bonded

together with_a resin bond. Various powdered filler materials known in the
art may be addB@ aPRSIVRIEEARD helew fikes rBatesipk aienbeRdRsy togathenwithtaoresind i n

mey be _ | M in
resine. 1 oP gy gt RBTefa it TRERIE ol T Wi R e 8ty (el ©

pol yi m déonesnatsriale frorinsresrhosnts ¢y aikigh en@ifacturieg ithes taudor i itipesves t her eof .
Suitabl e resins include DureZTm 33-344 phenolic powdered resin avail able

from OccQHBWPQIOPGF@iﬂ“@aIT"Go?rﬁf'%rr%ﬁﬁstghﬁ%ﬁdﬁﬁswmls(wdwﬁwr M 29345
h fl ; ' ' : | l e | | .. j cal Corp.,
Nor K0 ToresiReiad sirSo by RIE sl Mick réains Mafatd S8R RS °0 o i o

vol une penixterdsperaf. IBuiitable rekink éficludeabDard 21 S 3( B4 4P phefSlictppwdera® tasive

percent spheres) are those having the ability to wet the surface of the
silica afvaighle¥pTeOsridentaheheica Lo bpah TanawandaallewoYorkn¥arcmTca
spheres I | V.e . eres.

Thi s cha?ggggrs faggﬁﬁgbﬂs 5@}:?%@?@9@?%@9 })%n{tr&ﬁné%éee §| (g{])?r@rzglséﬁ “very | ow
vol une AbripeTaremages Nelv Yeki ns, such as 5-10 volune percent. As a vol une

percentage of the abrasive rim the tools conprise 2 to 15 volunme %
abradbve grai Rrefgrred sesips Jor4oels contajiing gehigh vaikee peicentagamfihobos fitley 20

materials (e.g., 55 to 70 volume percent spheres) are those having the ability to wet
the surface of the silica and abrasive and readily spread over the surface of the
silica spheres so as to adhere diamond abrasive to the surface of the spheres.
This characteristic is particularly important in wheels comprising very low volume
20 percentages of resins, such as 5-10 volume percent.
As a volume percentage of the abrasive rim, the tools comprise 2 to 15
volume % abrasive grain, preferably 4 to 11 volume %. The tools comprise 5 to 20
volume % resin bond, preferably 6 to 10 volume %, and 40 to 75 volume % hollow
filler material, preferably 50 to 65 volume %, with the balance of the resin bond
25  matrix comprising residual porosity following molding and curing (i.e., 12 to 30
volume % porosity). The ratio of diamond grain to resin bond may range from
1.56:1.0 t0 0.3:1.0, and preferably is from 1.2:1.0 to 0.6:1.0.
The abrasive rim of the tools of the invention are manufactured by uniformly
mixing the abrasive grain, hollow filler material and resin bond, and molding and
30  curing the mixture. The abrasive rims may be manufactured by dry blending the
components, with the optional addition of wetting agents, such as liquid resole

resins, with or without a solvent, such as water or benzaldehyde, to form an

5



vol une % resin bond, preferably 6 to 10 volune % and 40 to 75 volune %
hollow filler material, preferably 50 to 65 volume % w th the bal ance of
t he resi nvp@wngg matri x conprising residual porosity foll parRgedDls Ng and
curing (i.e., 12 to 30 volunme %porosity). The ratio of dianond grain to
resin bond may range from 1.5:1.0 to 0.3:1.0, and preferably is from
1.2:1.0 to 0.6:1.0. The abrasive rimof the tools of the inventif)n are
manuf act i Ui b X : r.ASd ralig, filler
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abr asi vewheels éfaivingt 5085 volumeabir beliovefillgrimalierigl, cateemusikbe exérngfsiedaluring
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vol une % ho eﬁlﬁ%
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pr ef er abll §0 tcs19GeaC dor & pedodrakiinme sutfigrttactyssiiok andeute thé8sihdohd00 C for a
period of tine sufficient to crosslink and cure the resin bond. O her
simlar BTN QUERgLYsissaise may desrppeyed THEe cyreditaobisi thes strippedst ri pped

lo fyom I . 1 = e i | r segnents)
are 150t OB g Ml e die *The SRR R AP BLth et BEiA? R h ng
or edgi ngttsdraasto salvatkingiongsseptiathieoMsal labragVe ok BimishiLongyqiRg steps! | ed
out on the finished tool. By nmeans of resin and filler selections and

curing caRdtruingrperatirnsiteqachiayshplangg mpy bﬁé??d@?%;@“?@! the ﬂl@fﬁfiﬂ}aﬁcptf : ehor
friable, d mi ' . rasive t W ave
I relsg1 ofe aa? en%qéh*ceya%trs ?F%églé a@ﬂ{fﬁeé%%@?eﬂ%"%ﬁml ;Sn_jg @%@?’8 | g\e rgg'lgrbé)g\%e t ool s

for fini sfayne eatersdcretitivelbritte etiably, anaivall redikt rchiefitdraandethedr essed
with dressing tools to clear accunul ated grinding debris fromthe grinding

f acel5 | nahiasiedpplawillnave legsrrhinearsncytrcihad withrgringingdebrist. Geramenciaht i on,
the dresgiageqB6Rab! Aflsihd SBratfRo? sBHR%ohBE N Rlerd BRES helBANpL e Ori nding

oper at i on.
dressed with dressing tools to clear accumulated grinding debris from the grinding

face. In microabrasive grain wheels, such as the wheels of the invention, the
dressing operation often wears away the wheel faster than the grinding operation.

20  Because dressing operations are needed less frequently with the resin bonded tools
of the invention, the tools are consumed more slowly and have a longer life than
resin bonded tools used in the past, including wheels having higher diamond
content or a stronger, less friable bond. The most preferred tools of the invention
have cured bond properties that yield an optimum balance of tool life with

25  brittleness or tendency of the bond to fracture during grinding.

Tools made with higher volume percentages of hollow filler material (e.g., 55
to 70 volume percent) are self-dressing during surface grinding and polishing
operations on ceramic or semi-conductor wafers. It is believed that the incoming
rough beramic or semi-conductor wafer acts in the manner of a dressing tool to

30 open the face of the grinding tool and release debris loaded on the face. Thus, in

typical commercial operations, each



20 Because dressing operations are needed less frequently with the resin
bonded tools of the invention, the tools are consuned nore slowy and have

a longer | n resin bonded tools used in the past, ignshygjongsoshee! s
havi ng hi g,ﬁ;e@/%%rmnd content or a stronger, less friabl eﬂgllond. The nost

preferred tools of the invention have cured bond properties that yield an
opti mum bal ance of tool life with 25 brittleness or tendency of the bond to
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gri ndi ngwgrro resses, debris begins to load the face and the tool begins to

pol i sh t WETKPRSEk BiNcMe TQUGH alwéace RN theaned NErkRiBsR isnRfesentes dgidrass e ncr ease.
Wth th ' ' ' - i 1
tol er angfgrscegzltf %%‘ﬁ?%';%ﬁﬁm @n%!?ﬁ?ﬁgé@g i aﬁﬁg\t}mﬁf%ﬁ fz%%ié%gwgﬁg?%%bur n.

At the clongrirek thersuofact lbécenantie onséimi-cordusion kafees®ithoutedtessimdggh surface on
t he next wor k,gi ece is presented to dress the face of the tool and the

cycl e i sOPIBHAR eHersmhpigniigantchanefibin theenamypstum ot srRramiGense®h to grind

t he rf@&fq 1 ¢ or sem -conductor wafers wi thout a dressing

operlzjtJi on o@gerﬁég'gni ficant benefit in the manufacture of ceram c or

sem | o condusiithriowar esrsent¥iof hollomeéilecaateeial §. @f lekslthamss vblugie mat eri al (i .
e., less than 55 volunme percent), the tools of the invention require a
dr essi ngP@sePHt therioals of e pueRliRNreanie & dregsiag gpelAtiPnas thefqaramicsur f ace

finish, bepause anﬁmﬂ’% %rﬁr{e‘?@ﬂr;fa%ghiggg?%&gﬁsgqﬁgwa%r L 08s Poblrgsélt%g g%c ol and

power consunption 1 ncreases. thé I nvention rred
for gri ndithg abeasive airahe poales consurhpibrigcrdagesnot linmited to, oxides,
carbides, silicides such as silicon nitride, silicon oxynitride,

stabiiized zi Fhifcks olthardnyamicsaraergferrgd foraringing egramiomaterid® bi de, bor on
including, but not limited to, oxides, carbides, silicides such as silicon nitride, silicon
oxynitride, stabilized zirconia, aluminum oxide (e.g., sapphire), boron carbide, boron
nitride, titanium diboride, and aluminum nitride, and composites of these ceramics,
as well as certain metal matrix composites such as cemented carbides,

20  polycrystalline diamond and polycrystalline cubic boron nitride. Either single crystal
ceramics or polycrystalline ceramics can be ground with these improved abrasive
tools.

Among the ceramic and semi-conductor parts improved by using the
abrasive tools of the invention are electronic components, including, but not limited

25  to, silicon wafers, magnetic heads, and substrates.

The tools of the invention may be used for polishing or finish grinding of
components made from metals or other hard materials.

Unless otherwise indicated, all parts and percentages in the following
examples are by weight. The examples merely illustrate the invention and are not

30 intended to limit the invention.



nitride, titaniumdiboride, and alum numnitride, and conposites of these
ceramcs, as well as certain netal matrix conposites such as cenented

car bi des,E%qwggdzgcryst al l'ine dianond and pol ycrystalline GHiGsohe{48
nitride. Either single crystal ceramcs or polycrystalline ceramcs can be
ground with these inproved abrasive tools. Anong the ceram c and

sem -conductor parts inproved by using the abrasive tools of the invention
are el ectg,ophgeqonponents, including, but not limted 25 to, silicon

waf ers, magnetlc heads, and substrates. The tools of the invention may be
used for pol i sﬁkbragve)wﬂeem cftthgnveditiog wefre peeprredémtre foadeffinem. 8% al s or

ot her hard teri . es t her wi I ndi cated, all arts and percent ages
in the folf é(%%a’hg% g?-g r\ﬁéﬁ”&?ﬂ eﬁrfga@ﬁaﬂmf&e $HblEing Pl ustrate
the invenpihen and,f@c88es @égcln%@lggﬁ,q‘, tolimt the invention. 7 WO

00/ 73023 PCT. USOO/ 11406 Exanple 1 Abrasive wheels of the invention were

prepared in tHe makenth atix:‘aswe]nrﬁ%bbend%f@ﬂ?? wh & alked résim ppwaer {B@ﬁii)@ cm
resin bon di amopd . wheel s i1 d.zi the materi.al oce

descri bed'd %glrgwn QBW‘%&% "ﬂ@ Aa':lﬂ A vdoofiye rﬂf'@%%*’é&”ﬁ%?’% r%’al kyd
resin pOVﬂ?{ar(c??ﬁ“?‘PWt"/}@ﬁ@rt FEw r\pl%en%ﬁé Péé“r?go%@ \/ﬁrbur%dz'és%% iRUSIERELY €

Braki ng Systens Tr oy, short flow p enolic resin
powder (\earo l@ncmwa Cresmical CbitpaNoetth TdnasvanOac NYE)MEEI pré:bamdcd-ﬂoll@wrﬁﬂer Nort h

% 9111 detepRLiaEe (RE B hat vy el sondibs (FFecsphere Sy g e et or
0. of ut WEdTERR TR SRR ORTRARES ) gf%'”@ﬁ“’f“h?%f%@é%ﬁ" Iy and

Sai nt - Gob@amohMaisard 8b.96a4 i didmoRd @RiTh I(BBGLCAMPIEX Rt #5683 obthiReghe resin

powder bl end. Once a uniform bl end was obtained, it was screened through a

US# 170 feora\BairteGekainilndystigldreramios, BlaomigldiGlg ware cnixedadtkithg resn f or m t he

oor ast ve foBeritertt” OBl adiniopf ALY Botfited, i (0CsRGLAtbRN Blfs
for const{arsicod seieed it YRS aFAEIN for PRSIIRG Bty 8 baickingitd Sorh R abrasive rim

15 portion of the abrasive wheel.

The backing for the abrasive rim was an aluminum ring (11.067 inch outer
diameter) designed for construction of a type 2A2T superabrasive grinding wheel.
The base of the ring contained bolt holes for attaching the abrasive wheel to a
surface grinding machine used in finishing ceramic wafers.

20 in preparation for molding the abrasive rim, the abrasive-bearing surface of
the aluminum ring was sand-blasted and then coated with a solvent based phenolic
adhesive to adhere the blend of abrasive and bond to the ring. The aluminum ring
was placed into a steel mold constructed such that the aiuminum ring became the
bottom plate of the mold. The abrasive blend was placed in the mold and on the

25 adhesive coated surface of the aluminum ring at room temperature, side and top
molding elements were placed on the steel mold, and the assembly was placed into
a preheated steam press (162-167°C). No pressure was exerted against the
abrasive rim during the initial heating stage. When the temperature reached 75°C,
initial pressure was applied. The pressure was increased to 20 tons in order to

30 reach the target density (e.g., 0.7485 g/cm?®), the mold temperature was increased
to 160°C, and a soak time of 10 minutes carried out at 160°C. The wheel was then

stripped from the mold while hot.



The base of the ring contained bolt holes for attaching the abrasive wheel
to a surface grinding nmachine used in finishing ceramc wafers. 20 In
preparat i | ding the abrasive rim the abrasive-beagipgssihgce of
t he alunigﬂ%&??%%pmas sand- bl asted and then coated with a sdﬂgent based
phenolic adhesive to adhere the blend of abrasive and bond to the ring.
The alum numring was placed into a steel nold constructed such that the

al um num ri ngThe G édaeoutépaitaﬁ{@t%%f%é)élumﬁurggéé%ki PO Rgifadilend was

pl aced in the nold and on the 25 hesi ve coat surtace of the alum num
ring at ricoweteemaehimedrte the finished wheepdimamisdinsg A tataiesftd sietsgeptlaced on t he

steel nold, he nbl | aced into .a preheated steam press

(162- 167 9“&@%&&9&@?%%&&@% ee?d%"?%t“t?meg‘é{g?%?s?f\laer”mﬁ%wk%@ t he
initial Repedbrsdif®em Wien the tenperature reached 75C, initial pressure
was applied. The pressure was increased to 20 tons in order to 30 reach the
targeb densit yhé¢eoolmme peitéBiagpsafdhe componehts df¢ngss wheele andofiotitereased to
160C, and ,a oafﬁ time (t)'f 10 m._nutes carried out at 160C. The wheel was then
stri pped W56 ¢'HBE ETTIGRIANE Hé commasigloraraparativehasharel Ny hEabidner
and outery gdbpgeters of the al um num backing and of the abrasive rimwere
machi ned to the finished wheel dinensions. A total of 36 slots (each about
0. 159 crxgipld8 i nch) wi de) were ground into the surface of the rimto

make a slott abrasive rim 5 The vol unme percentages of the conponents of
b ring

these wheel s anPHYC Y Rels of\m%@vgngqn VRE® PYRPERR Aamgef &1’éérﬁ%§r’ti al ,
compahat ig@NRER| 2RO 288923 9 cfARLSN bbndBS ol WBLR \dilighbaRk ve wheel s

of the invention were prepared formo '0"9.002 inch
(27.9 x n@érials 2ndPprocgssessiesciimedibeiodi famwhdelddel s utilizing the
materi al s andTpr ocesg‘%s%bdrgs.cri bed bel ow for wheel 2-A To nmeke the abrasive

rim 16.59 wt orBﬂ}é% BYFPAMO wi friplgnaiig.resin Powdsr {Duesst 3-A4 from
IR e B e
wt% silica spheres (Eccosphere SID-3112-S2 silica spheres, 44 micron average
15 diameter, obtained from Emerson & Cuming Composite Materials, Inc., Canton MA)
and 30.07 wt % diamond grain (D3/6 micron, Amplex lot #5-683 obtained from
Saint-Gobain Industrial Ceramics, Bloomfield CT) were mixed together. Once a
uniform blend was obtained, it was screened through a US# 170 sieve screen in
preparation for molding onto a backing to form the abrasive rim portion of the
20  abrasive wheel.
The aluminum ring backing element and the molding and curing processes of
Example 1 were used to make abrasive wheel using this abrasive blend.
In other versions of these wheels, higher diamond and bond contents were
substituted for those of wheel 2-A to make wheel 2-B; and a high silica sphere
25 content was substituted for that of wheel 2-A to make wheel 2-C. The volume

percentages of the components of these wheels are shown in Table 1, below.
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The al um num ri ng backi ng

Exanple 1 were used to
PRAEVWhESISt her versions of these

wheel s, hI ORgRedl @ Pﬂﬁg OFh, TEN E T SEgStTLoted—for—tigse of
wheel 2-A to mea e v%g i 13; anrﬁalg ni Eﬁar‘sﬁﬁel ca %'%{]ng?lg ?5“’“8’6'ﬁ{°é??t was
substi t utledShowle hat of wheel 2-A to| makg-Bveel 2-2CC Thg vghee® pdr cent ages
of the coponents qf these wheels arge shown in Table 1, |below. 9 WO
00/ 73023 [Table 1. Vol une % Conpositi pn of Wiee|ls (a) Phgnolic resiin used in
this bond T atyzetd soreTrEsh—th)—Wheet—eerpasti+o was
estimted from %nal ysi S"of a conrrerc| al f%‘?oduct o%ﬁai ngd PP \ )Fuj im,
Inc., ElnhuessinAlljinois. 5{(c) Analysis indicjated phenalic resin.
PCT/ US00/ 11406 \Weel Exanpl e[ 1Exanpl eExanpl eExanpl eConmer|ci al
Sanpl e2- A2- BBom®hhee!l ( b?-3Bon@6. 9®. 122} 2(a)®. 129 5(c) -regi n A-Bond?. 3000-
-resin B D 9m)in(%1. 04.014.54.019. 4 Abrasive Gjain Si 0263. 463.450.471. 00( d)
spheres Nat UPa'1s. 426. 512. 919. 927. 8
Diamond 11.0 4.0 14.5 4.0 19.4
Abrasive
Grain
Si02 63.4 63.4 50.4 71.0 o
spheres
Natural 16.4 26.5 12.9 19.9 27.8
Porosity
Diamond: 1.2:1.0 0.66:1.0 0.65:1.0 0.66:1.0 0.66:1.0
Resin
Ratio
(a) Phenolic resin used in this bond was a zinc catalyzed resole resin.
(b) Wheel composition was estimated from analysis of a commercial product
obtained from Fujimi, Inc., Elmhurst, lllinois.
5 (c) Analysis indicated phenolic resin.
(d) The filler used in this wheel comprised crystalline quartz particles. The filler
was not hollow. The filler particles and the abrasive grain were approximately
equal in diameter (each about 3 microns).
Example 3
10

Abrasive wheels made according to Example 1 (2 wheels with slotted rims)

and Example 2 (2 wheels 2-A with slotted rims; and 1 wheel 2-A with unsiotted rim)
were finished to 27.9 X 2.9 X 22.9 cm (11 x 1.125 x 9 inch) size, and compared to a
commercially available resin bonded diamond wheel (FPW-AF-4/6-279ST-RT 3.5H

10



Porosity Di anond: 1. 2: 1. 00.66: 1. 00.65:1.00.66:1.00.66:1.0 Resin Ratio (d)
The filler used in this wheel conprised crystalline qugrtz particles. The
filler ollow. The filler particles and the abragiyg;<ghfisbe VET €
appr oxi rr\é?élogﬁgﬂégual in diameter (each about 3 microns). Exanple 3 10

Abr asi ve wheel s made according to Exanple 1 (2 wheels with slotted rins)
and Exanple 2 (2 wheels 2-A with slotted rins; and 1 wheel 2-A with 8 i nch)
unsl ot t j i | Biji : 128 i nc
R i e R A D P o e
( FPW AFp49@ss379ST- RT 3. 5H 10 WO 00/ 73023 PCT/ US00/ 11406 wheel, obtai ned
fromFujim, 1J nc., El nhu&qst, I%I.i noi s%ﬁ_‘i n a silicon wafer backgrinding
process. The 'GEiIIARY 8419 ARNALORS WEBHs were: Grinding Test Conditions: 5
Machi ne: _ Strasbaugh 7AF Model Wieel Specifications: Type 2A2TS; 27.9 X 2.9
X 22.9 GHNHNg kestGomitions: j nch) Fine Grinding Process: Weel Specifi c?ti on:
See Tabl 10 \Wheel Sp X k ol ant: Dei oni zed water Cool ant
Fl ongat g\ﬂé%hlég'gal | ons/ mﬁﬁsgé@fégﬁwoﬁéomved: step 1: 10 p, step 2: 5 p,
step 3: BNpeel $pdcificatipns:FEgse PARES; 3Y@PX .9 X 229 cnbt1an 4:128. X 9Rhéh) step 3:
0.5 p/s, lift: 0.5 p/s 15 Dwell: 100 rev (before lift) Wrk Mterial:
Silicon wafers, N type 100 orientation, (15.2 cm (6 inch) dianeter

surface, @ﬁélasrfnldﬂu 'g,q)g’gés'. surface finish Ra about 4,000 angstrons Work
Speed: 6 :

Wheel Specification: See Table 1
10 Wheel Speed: 4,350 rpm

Coolant: Deionized water
Coolant Flow Rate: 3-5 gallons/minute
Material Removed: step 1: 10 p, step 2: 5, step 3: 5 , lift: 2 p
Feed rate: step 1: 1 p/s, step 2: 0.7 p/s, step 3: 0.5 p/s, lift: 0.5 p/s
15 Dwell: 100 rev (before lift)
Work Material:  Silicon wafers, N type 100 orientation, (15.2 cm (6 inch) diameter

surface, with flat edge); surface finish Ra about 4,000 angstroms
Work Speed: 699 rpm, constant

20 Coarse Grinding Process:
Wheel Speed: 3,400 rpm
Coolant: Deionized water

Coolant Flow Rate: 3-5 gallons/minute
Material Removed: step 1: 10 , step 2: 5 y, step 3: 5 y, lift: 10 p
25 Feed rate: step 1: 3 /s, step 2: 2 /s, step 3: 1 y/s, lift: 5 /s
Dwell: 50 rev (before lift)
Work Material:  Silicon wafers, N type 100 orientation, (15.2 cm (6 inch) diameter
surface, with flat edge)
Work Speed: 590 rpm, constant
30
Where abrasive tools needed to be trued and dressed, the truing and

dressing conditions established for this test were as foliows:

11



20 Coarse Ginding Process: Weel Speed: 3,400 rpm Cool ant: Deionized
wat er Coolant Flow Rate: 3-5 gallons/mnute Material Renoved: step 1: 10

, step 2 tep 3: 5 p, lift: 10 p 25 Feed rate: steprhisod 1. Step
g: 2 p/s,zvvgt%e()}g"’oé:§ 1 p/s, lift: 5 p/s Dwell: 50 rev (before ?li'ft) Vor k

Material: Silicon wafers, N type 100 orientation, (15.2 cm (6 inch)

di aneter surface, with flat edge) Wrk Speeg: 5ao rpm cons'sjan'sj 30 Were
abr asi ve t ool e trued and dressed, the truing an ressi ng
condi ti ons es?glﬁo]ﬁ&g%éé?%r? this test were as follows: 11 WO 00/73023

PCT/ US00/ 11406 Tr Wisg BPAR4AG-HMSE (dbitsined HBAZKOrbVE droddrgjyned from Norton
Conpany) Disc Size: 15.2 cmgdianmeter (6 inches) Weel Speed: 1200 rpm 5
Mat eri al renoved:zrgﬁ‘éé'zf:' 15608 cadigmeter @onphed)i ft: 20 p Feed rate: step

1. 5 p/s, step 2: i fda I's Dwell: 25 rev (before Iift) Dress
of trgi ng di sc: ha\tﬁgg%‘gf%eglt'ii O(§) 150- HVBE stick, obtained from Norton

Conpahy) 10 Tests Matedapreniovegedtem1t 160 M,emltepc:2a|1]gs;uc,)inﬂ.oliz@pp:c ;mge gri Rdi ng
node on silicon fers to neasure the wheel perfornance after reaching a
steady state gri n\c,!\?%’& rate SR %ﬁP/SASFﬁPr%rﬂﬁn%% liftod Wsaf ers, 15.2 cm (6 inch)
di aneter size, haw . W AN ifgprface finish of about 4,000 angstrons,
had to be ground v\{\:ﬁbt I'Z%%hé\m?rggﬁéthgy reach a steady state operation for

measur ement of fi rikregs ofittuing disr handheestickagGBAN 50-MVEBE sHEIS dbgifled O I enove
a total of 20 p of, material fromthe wafer in the fine grinding step
described above. from Norton Company)

10 Tests were performed in the vertical spindle plunge grinding mode on silicon
wafers to measure the wheel performance after reaching a steady state grinding
condition. A minimum of 200 wafers, 15.2 cm (6 inch) diameter size, having an
initial surface finish of about 4,000 angstroms, had to be ground with each wheel to
reach a steady state operation for measurement of fine grinding performance. Each

15 wheel was used to remove a total of 20 u of material from the wafer in the fine
grinding step described above.

Table 1 shows the performance of the wheels, as indicated by peak force of
grinding, wheel wear rate (an average of measurements made after grinding 25
wafers), number of wafers ground, G-ratio and wafer burn, for the three different

20  types of wheels, with each parameter being recorded or measured after reaching a
steady state grinding condition. In silicon wafer backgrinding, when the grinding
face of the wheel loads with debris being removed from the surface of the wafer, the
wheel dulls, the force needed to grind increases and the wheel may begin to burn
the wafer. To prevent wafer damage, the Strasbaugh grinding machine used in this

25  test automatically halts the grinding process when the force drawn by the process
exceeds a predetermined maximum (i.e., 244 Newtons (55 Ibs)). For all wheels the
power drawn (i.e., peak motor current in amps) was within the Strasbaugh machine
limits for all wafers ground.

‘Wafer surface finish was measured with a Zygo™ white light interferometer

30 (NewView 100 Id 0 SN 6046 SB 0 Model; settings: Min Mod % = 5, Min Area Size =
20, Phase Res. = high, Scan Length = 10 u bipolar (9 sec), and FDA Res = high).

12



Table 1 shows the performance of the wheels, as indicated by peak force of
grinding, wheel wear rate (an average of measurements made after grinding
25 vvaferv'i,é, opsggber of wafers ground, Gratio and wafer bydtudoiidée three
di fferent C? types of wheels, with each paranmeter being recorded or
nmeasured after reaching a steady state grinding condition. In silicon
waf er backgrindi ng, when the grinding face of the wheel |oads with debris
bei ng renoved fromthe surface of tﬁg@?r’ the wheel dulls, the force
needed to _grind increases and the y begin to burn the wafer. To
prevent @ehme damag®rcet he Sthealsbaugimbgr | msjl\}?mg namﬁbfé\e uwd burf th tshZS t est
automatically halt g adi pragess en the force drawn by e
process exceeds aﬁ%v%te et é’yér%lp}ﬁ%g naxQ?num (i .e.,P'Elﬁrh Newt ons (55 Ibs)). For
al | wheels the powes)drawkWgier e. , wplesk notor cumeent in anps) was within
the Strasbaugh machine Ilimts for all wafers gipuses Vafer surface finish

was nea interferaneter 30 (Newiew 100 Id O
SN 6046 Egnﬁ)"el\)bdel ;24§%tti ngs® M n bﬁa %=75 Mn Area Si?¥e= 20, Phase

Res. = hbigls, Scan Length = 10 p bipolar (9 sec), and FDA Res = high). 12 WO

00/ 73023 1 PCH1JS00/ 1 6 Sa eFor eel W‘oerGrati oSur f aceWaf er
burn NewF%-n ar rgt%ééf Fi ni %?}é()a) (ngs% p/vvgg%\pwafer’sRa aﬂcﬁ‘gtrorrs Exanple 1

24-31-- EB¥75----none Slots Exanple 1 25-330.4920029257. 7none Sl ots Exanpl e

2- A 17- 26&nthl20N306t7-080n€ .47 200 306 - none
slots
Example 2-A 25-33 0.38 200 380 -- None
slots
Example 2-A 24-30 0.40 300 334 69.2 None
no slots
Commerciai 24-30 0.60 200 261 77.1 None
Wheel

(a) Surface finish numbers represent an average of 9 measurements/wafer and an
average of 8 wafers/test. The Example 1 wheel surface finish measurements were
made during a prior grinding test under identical grinding conditions with a different
5 wheel made according to the formulation and process of Example 1.
(b) Too few wafers were ground with this wheel to make an accurate wheel wear
rate measurement.
The data show that the wheels of the invention perform better than the
commercial wheel. The wheels of the invention were approximately equal to the
10 commercial wheel in peak force of grinding, but were better than the commercial
wheels in wheel wear rate and in G-ratio and in obtaining a mirror finish on the
wafer during fine grinding operations.
Fine grinding tests run under the same grinding conditions with the version 2-
B wheel of Example 2 demonstrated acceptable wheel wear rate, g-ratio and
15 obtaining a 50-70 angstrom surface finish on silicon wafers. Due to the lower silica
sphere and higher bond and diamond grain contents of this wheel, the 2-B wheel
was not self-dressing and dulled more quickly than the 2-A, 2-C and Example 1

wheels. Another test under the same fine grinding conditions demonstrated that

13



sl ots Exanple 2-A 25-330.38200380-- None sl ots Exanmple 2-A

24- 300. 4030033469. 2None no sl ots Commerci al 24-300. 6020026177. 1None \Weel
(a) Surfaqgofoé,ggogﬁ nunbers represent an average of 9 measupgqRRbEH{Med €r and
an average of 8 wafers/test. The Exanple 1 wheel surface finish
measurenents were made during a prior grinding test under identical
grinding conditions with a different 5 wheel nade according to the

for nul at iwieeh D ANiIRE 8 higH sﬁéé@&hérelcor(tgﬁt Faqsf 8% aRfiGhs °)§ftrh§[}%\réﬁ%£d2w th

this wheel to nake an accurate eel wear rate neasurene data show
t hat t he AwsBewedplerfosancs epmparabiets wheelizAt er than the comercial wheel .

he i ' ) i mat el | to th 1 o commerci al
e el S o g AL el BRI Gt S5 LReLle gl o o clal
| n wheel WA ahgecainordd, 181 ifeyARErd SeiRbidbBhRg rgjgst@ef-rc{r%srirﬁ%n't%} on the

wafer during fine grinding operati'ons. Fine grin S under the
same gri helienpdihedilicacphengs in theevhesisiractugs tobkedpetbl wifedEfaepdpenland

. bl eel . , -rati 15 obt ai ni 50-70
anget r ot PEBEETRRGF bR phiaths Al eMeth oo iratingiar heias . spher e
and hi ghescdeneamiflg @bﬁﬂgagrg?{fggﬁ‘tr@ﬂhf“em guphef Botn Pﬁgr%;ipgé H%_d%’chnr}g@ea

was not self-dressing an nore qui ckly than A Exanpl e
1 wheel grindingtdfavafersswituadesarsetsurizandi.¢.i Ra apdutdi00) araystiohis)nisis

dermnst Qe 1% J000L 19055 PETL SOOI LE Mheel 2 G didl, 8 0"
perf op MaiieEs e TREFRR & these\BR&MpRs#t, 2-A and 2-C wheels so a separate dressing
operation is not required.

Although Example 2-A wheels were identified as the wheels having the best
overall grinding performance, all wheels of the invention were acceptable. The
performance of the tools of the invention containing significantly less diamond grain

15 (i.e., 4 to 14 volume %) was unexpected relative to the performance of commercial
wheels containing more diamond grain (e.g., about 19 volume % diamond grain)
typically used for backgrinding of ceramic or semi-conductor wafers.

Example 4

In a subsequent grinding test of the wheels of the invention (wheel 2-A),

20  under the same operating conditions as those used in the previous Example 3,
about 20 p of material was removed from a silicon wafer, and a surface finish of 50
to 70 angstroms was generated while utilizing an acceptable level of power (i.e., no
wafer burn, and within Strasbaugh machine power limits).

A comparative wheel was made as described in Example 2 for wheel 2-A,

25  except that the comparative wheel contained 10.1 volume % resin and 71.3 volume
% silica spheres (i.e., no abrasive grain). This wheel containing no diamond
abrasive grain in the abrasive rim removed only a negligible amount of material from
the surface of the silica wafers even after reaching the machine maximum of 244
Newtons (95 Ibs) of force. This comparative wheel improved the surface finish of a

30  coarse surface silicon wafer (Ra of about 4,000 angstroms) to a surface finish of
about 188 angstroms, without any sign of wafer burn. However, the abrasive-free,

comparative wheel did not provide acceptabie fine grinding performance (material

14



These data suggest that the high silica sphere content wheel s of Exanples
1, 2-A and 2-C did not dull, i.e., they were self-sharpening or

sel f-dressy %73&,%3 is 5 believed the silica spheres in the phpekefiagct ure
to keep the eel face open and the high percentage of silica spheres in
t he wheel s prevent |oading of the wheel face by carrying debris away from
the wafer. Further, fromoperations made during grinding of wafers with a
coarse s ( Utati : it ol lj.eved that the
coar se sﬁ%gggd'ov?h%%g e?ﬁgggn%rtgan%?g?'t\%grgﬁ%?%gghseq#éeﬁrﬁva&% 38/\'{1 dresses the
face of slymificaBininiersr ta th@-of the do@n@rolabelot aso tathat pathat oot efthé ng
operation is.not required. Al though Exanple 2-A wheels were identified as
the wheelWeRE9Nng the best overall grinding performance, all wheels of the
i nvention wer FERRA : ddavent i on
cont ai ni ng si gg?%ft@gt&%{%ﬁ/ﬁeg?s@f i”gi‘r%g%%(gr al n| ?fsm%ltbng 99%%@53%%%%@% % was
unexpect adthoet sirface damade tothefaeramitcworkbiecenotthel adrasive éells of that ai ni ng
nor e di anond .grai n(e.g., agout 19 vol une % di anond grain) typically used
for backdNERIPRAVESTASPARIET dh 2dRR! CUURBINGINY SHFRFRIETER At 5 bIasIvE
subsequenfggrinding test of the wheels of the invention (wheel 2-A), 20
under thé same operating conditions as those used in the previous Exanpl e
3, about 20 p of material was renoved froma silicon wafer, and a surface
finish of 50 to 70 angstroms was generated while utilizing an acceptable
| evel of power (i.e., no wafer burn, and within Strasbaugh nmachi ne power
limts). A conparative wheel was nade as described in Exanple 2 for wheel
2-A, 25 except that the conparative wheel contained 10.1 volune %resin
and 71.3 volune %silica spheres (i.e., no abrasive grain). This wheel
contai ning no dianond abrasive grain in the abrasive rimrenoved only a
negl i gi bl e anount of nmaterial from the surface of the silica wafers even
after reaching the machi ne nmaxi mum of 244 Newtons (55 Ibs) of force. This
conparati ve wheel inproved the surface finish of a 30 coarse surface
silicon wafer (Ra of about 4,000 angstrons) to a surface finish of about
188 angstrons, w thout any sign of wafer burn. However, the abrasive-free,
conparati ve wheel did not provide acceptable fine grinding perfornmance
(material 14 WD 00/ 73023
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PCT/ USO0/ 11406 renoved, wheel wear and g-ratio) and its surface polish
performance was significantly inferior to that of the commercial tool and
to that ofydfK@shR0l s of the invention. Thus, the observedPgi§diTRIgCe
(renoval of material and surface polishing 5 wthout surface danage to the
ceram c workpi ece) of the abrasive tools of the invention was not observed
in a tool containing only silica spheres with no abrasive grain. 15 WO

00/ 73023 d ai ns PCT/ US00/ 11406 1 An C”}Qirnfssi ve tool conprising a backing and
an abrasive rimcontaining a maxinum of about 2 to 15 vol une percent
abrasive grain, the abrasive grain having 5 a maximnumgrit size of 60

m crons,, wherein the abrasive rimconprises resin bond and at |east 40

vol ume per ceft" AYRFYE 1ol qo8PrisiicR PAFking and amabrapivaginy eopteiing and  resi n
bond ar ; ' ' |0 atio.of, 1.5 1. .0, 3:-1.0 grain
o bondr g RNl A 2200 A ok P aefal i P ingiabihiys bhie nvits

mat esi alsmaxienrelgeit sizd of 60 rhicaomst vhegsin tine abrsivet i ¢offprises résin BBAGT €S,

mul lite spheres, §Ub | e alum na, glass spheres and conbinations thereof.
3. The &51dRlIGstAd00lyne Perrant hollgw diler mataiialsh @anddhe Prasive argineancil s ar e
silica ard- Sl 19aql - of | ) ' he_.silica
spheres rrégiﬂgia& r%%pé%%ﬁtt ﬁﬁfr%oéﬁ’rggﬁ/gg# %1 %sr:éotﬁisgﬂ ﬁSJY@%&?éE‘IB@?&%ﬁ% abr asi ve
tool of bondim 1, wherein the abrasive grain is a superabrasive grain

sel ect ed% f ror? t he gr_oug) consi sting of diamond and cubic boron nitride and
conbi nat4-ons teetRER$ive ol phelaip ladiheeein dog heliow filgrmaterialscareiseladtrd

ns eAuHve o 0 i ok sierialsere o
200 40 i eroue St bl SsfhaBPHllcs SEhetER! Rpllf b Ba e pEEHEETy of 't o

abr asi vespheras and cambinafioiothgdeofol ume percent.

3. The abrasive tool of claim 2, wherein the holiow filler materials are silica
spheres.
4. The abrasive tool of claim 3, wherein the silica spheres range from about 4 to

15 130 microns in diameter.
5. The abrasive tool of claim 1, wherein the abrasive grain is a superabrasive

grain selected from the group consisting of diamond and cubic boron nitride and

combinations thereof.
6. The abrasive tool of claim 5, wherein the superabrasive grain is diamond
20  grain having a grit size range of 0/1 to 20/40 microns.
7. The abrasive tool of claim 1, wherein the porosity of the abrasive rim is from
12 to 30 volume percent.
8. The abrasive tool of claim 1, wherein the abrasive rim comprises 5 to 20
volume percent resin bond.
25 9. The abrasive tool of claim 1, wherein the abrasive rim comprises 5 to 10
volume percent resin bond.
10.  The abrasive tool of claim 1, wherein the resin bond is selected from the
group consisting essentially of phenolic resins, alkyd resins, epoxy resins, polyimide
resins; cyanate ester resins and combinations thereof.

30 11.  The abrasive tool of claim 10, wherein the resin bond comprises a phenolic

resin.
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8. The abrasive tool of claim1l1l, wherein the abrasive rimconprises 5 to 20
vol ume percent resin bond. 25 9. The abrasive tool of claim1, wherein the
abrasi ve gidn@ReRises 5 to 10 volune percent resin bond. pdfysdiigs@br asi ve
tool of claim 1, wherein the resin bond is selected fromthe group
consisting essentially of phenolic resins, alkyd resins, epoxy resins,
polyimde resins, cyanate ester resins and conbinations thereof. 30 11.

The abrasjye to@l amtbsivt 3bdNcRiaj e e84 [ henol i c
Fosin 1620 00FAAas R ol lai G biiefhtfe BBk bR e

wher ei n tvyedurag pasient hollow fitenmateial.50 to 75 vol ume percent hollow filler
mat eri al .,.13. .The .abr.asi v opl. of clai.m1, erein the hollow filler
mat eri al 513:1re_T raTBpINE toﬁé\%f%ﬁ“én“&\?@?'&déeg\éﬂ%ﬁhﬂ BRtesbareRaricief ons. 5
14. The e e al@abeliarib Bt ool fidohbe abrasive rim compri ses at

e a

| east one abrasive Segnent and rasive segnent has an el ongat ed,

ar cur at e whapdherabrasive tovlef claimviawineseis ¢he abeasiveorimedomprisel at lozit sad
circular face of the {)aﬁ' ng., 15. The abrﬁsi ve tool of claim14, wherein
the abradR/8SY§ fE9Teqt e h@da*?fas'#&?emeﬂt BRANIVIGaed. arourate share apd asi ve
tool of GranReddurviife SbRclddtotRatBS it a rAiSkd giré‘ulﬁpfétcbraﬁ?r‘r@baé\{?lﬁﬁs' ve
segnent having a grinding face, and the grinding face has a p ality of
axi al sl ots. IThe atirasisetesiof elairndl4, ehecdinitme abrasher rimis ttecHsaoto sists el ect ed

fromthe tgr %u .of abrasive grinding wheels consisting essentially of type
2A2 wheel'd® ?g'ﬁ@g'lAl 15 wheel's, inner diameter wheels, outer dianeter

fini shi ngrerheeihg, abthie tddlio? Blaite 14VaRetsin 3 aBRIshRNiA % $RBRtiSuous’
abrasive segment having a grinding face, and the grinding face has a plurality of
axial slots.
17.  The abrasive tool of claim 1, wherein the tool is selected from the group of
abrasive grinding wheels consisting essentially of type 2A2 wheels, type 1A1
15 wheels, inner diameter wheels, outer diameter finishing wheels, slot finishing

wheels and poiishing wheels.
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