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These tools. fail | :
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 bubbles 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-4,799,938. 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 rceramic
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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abrasive tools of the 1nvention are grinding wheels conprising a backing
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resin bond and at least 40 volume percent hollow filier 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
t being designed to support a resin bonded abrasive fim along a peripheral grinding
face of the wheel. The backing may be a core disc or ring formed into a planar
shape orinto 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 iaminate or
combination of these materials. The backing may contain particles or fibers to

reinforce the matrix, or hollow filler materiais such as glass, silica, mullite, alumina

30 and Zeolite® spheres to reduce the density of the backing and reduce the weight of
the tool.
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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 in place 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 frbm 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 indicated for fine grinding and polishing operations:
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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15  preferred, ’and 3/6 microns is most preferred. Metal bond, or “blocky”, diamond
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 tools remove material from silicon
wafers and polish the surface of the wafer, but the abrasive tools do not remove as

) much material from ATIC wafers due to the hardness of AITiC wafers. The tools of
the invention have achieved a surface finish polish as smooth as 14 angstroms on
AlTIiC 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 giass spheres, bubble alumina, mullite spheres, and
mixtures thereof. For applications such as backgrinding silicon wafers, silica
spheres 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
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range frtBesurface 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 fow 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
1.5:1.0 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
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2%_ t2 ggﬁ gg%%ﬁmﬁ ﬁé?gkglg}[@legxlséz,ispzé;dtﬁ_bszr}%g%gﬁtggg‘ﬁte&e face and the
t

t ool begi n@ogﬁnaqhé§%ﬁ%gg%\é\g{q§%i ece surface an

begi ns to increase.

| Ofoakthiednvention
£ 91 §EMitcoeductor warers wilky acd@'ﬁgiagccurs.
an W causl ng

Wi t hi n t he opetationt offets ; i ndi ng machi nes 5
wor kpiece burn. At the%ﬁ@ﬁ%?ﬁ%ﬁiﬁ%%&‘%@aﬂﬂfamwb dmeram@;rd’rlﬁge?ﬁ;e, a new,
ace

r ough Slir f §RAUstoF waferext wor kpi ece is presented to dress the

of the

tool and the cy?\lngbllgs repeated. This capacity of the tools of the invention

to grind the su

oper ati on Pércend. theStoBld 44hant benefit in the
5 MEPIROf ffhvarg

sem 10 conductor wafers.

WS Ceatemts of boilave fil r e W thoyt a dressing
ema@ﬁ?rghﬁ'}lvg%st%ﬁ@"é% ‘Gg'l“?a.‘ﬁ'i c or ’

\RBrregyine erdressing loplekatiri 4 tas cdfahfeial (i
e a

e., | ess tWalersere/gtoume tones .1.0oql s of the invention req
- 166 utace g beta

dr essi ng
finish,
power 1gonsunpt i1y {

t as th use Himwafar tends teeloagiuh
b&?gﬁéébﬁﬁg%ggnggﬁgnwnbammhq?é,gggesr of the abrasive t%glgg?alnd
of the T

15 The tools nvention are preferred

for grinding cer angoc%% gﬁ%‘(@ti‘qf‘rﬂ!ﬁw&af@mm gfAdin' dBrafik lr'n%t s des.
car bi des, Irmlthdanggggt QiR & b&ﬁgg’ %1%%!3} de, silicon oxynit .%IE‘,

stabilized zirconia, alumnum
nitride, PXYAHidenstabilizedizirconis] aqd,mmdmgwaiet(rei de, and conposites 0

ceram Ccs,

20

25

30

es, silipides saph dswil%rﬂﬁfriaeﬁif%iﬁtcﬁﬂ ron

. ese
.g., $apphire), boron carbide, boron
nd composites of these ceramics,

as cemented carbides,

nitride, titanium diboride, and aluminum nitride, a
as well as certain metal matrix composites such

ol . .
polycrystaliine diamond ang polycrystalline cubic boron nitride. Either single crystal

cerami i i
MICs 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
to, silicon wafers, magnetic heads, and substrates. |

The tools of thg 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 foliowing

examples are by weight. The examples merely illustrate the

. . invention and a
intended to iimit the invention. .



e

: : : : 6 §pT 2002
- s certain netal matrix conposites such as cenented car bi desﬂ,
gg%rb?ggg-ama di anond and pol ycrystalline cubic boron nitride. Eit hHSOOﬁ‘lOG
single crystal ceramcs or polycrystalline ceramcs can be ground with
these inproved abrasive tools. Among the ceramic and senmi-conductor parts
| mpr oved bg u irl‘ng the abrasive tools of the invention are electronic
corrponen'r:‘§ Pff'tl uding, but not limted 25 to, silicon wafers, nmagnetic

d s Of ] t be used for.polishing
or i ni on ari A inedl8olnE iieich iareiBRateal o B ol Thutd 28Ker ol o
Unl ess_9.0opuncte(@mdix288% 220l criiprdsih BOYRPHRARRORAR UfiSingdhbov ng
exanpl es are by weight. The exanples nerely 1llustrate the Invention and

are not Mmaterialg and paocessesdeascribed belomnt i on. 7 29- 06-2001 3739 06 OCT 2003

011406 Ex le. 1 i ve wheel s of the invention were prepared in the
#J g?m;l"é? 11 X .@%ﬁg?ﬁégﬁwﬁeﬂ E'P.ng of 918wt % 2lkyd resin pewder (Bentix

' d it b2 ; e | I S escr bed pbelow. 5 To
R et R e O
R i R M A B Ak R e it DS
resin, dwmiGreidertalGhenical @urp) Notth Monalvaidap NYywrdsprépapsn HalloWilleras
prepare % silica spheres

%l B oo o 4t b 10t o
} ; i : j , - . %

Cret 00 Wia BB WHEIRA DRI R erdehEg Curfil COrbRbE BRI,

| ndust r iGantéie M) axtd 58/980Wt YelRntond Yt (D3/8R9AWPIE Ioh 85 687 Bhtapoufie’

blend. Once a uniformblend was obtalned, it Wwas 'screened through a US#
170 si efton Said:Gobain dndustrial Ceranics, Biobdifield 6T) were neiréd mgtht thefresin t he

abr asi v BOIRY RENE OBEER GHitaT pgnd pES SAnede it wamsaleeneaghougbia ittt cr )
pese o VT e s St RO BRI R R T
15 portion of the abrasive wheel.
The backing for the abrasive rim was an aluminum ring (11.067 inch (28.11
cm) outer diameter) designed for construction of a type 2A2T superabrasive
grinding wheel. The base of the ring contained bolt holes for éttaching 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 aluminum ring became the
bottom p!aie of the mold. The abrasive biend 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 steah 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 (18,144 kg) in
30  order to 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.

8
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wheel to a surface grinding nmachine used in finishing ceramc mafersgﬁéwTﬂwa
pheparatiﬁgh$$$ nnlding;ihe abrasive rim the abrasive-bearing surface of
the alumn %g was sand-bl asted and then coated wi.th a sol vent based
phenolic adhesive to adhere.the blend of abrasive and bond to the ring.

The al'uminumring was placed into a steel nold constructed such that the

] L2 T vl 6 A S A A

placed in the nold and on the 25 adhesive coa sur
ring at r'éBieredpashineddo the finished whee! dimerkiogs. cAeoRNbE 3BRIGts REaGED On the

steel nol | y,was placed into a preheated steam press
(162- 16755°%$€§'§€@2%&%5@%fww@ intadhe surface of the rimdorrhalke he
initial hesttedabfdsi@erm\en the tenperature reached 75C, initial pressure
was applied. The pressure was increased to 20 tons (18,144 kg) in 30 order

to reach the tEregeslunepercentages. of the ¢48PDoRbARSfthbds Iegsu%ﬁ(gp?é tyre was

i ncreased to 16?C, and a soak time of 10 mnutes carrie The
wheel  wd{hesieAf e inygation aoehof acamimercidli tempatativé wiHeTMRERNSWRER TaMie O CT
2003 BO 37 e inner and outer dianmeters of the al um num backi ng and of
the abrasi’vé rimwere machined to the finished wheel dinensions. A total

of 36 sl @xammech about 0.159 cm (1/16 inch) wide) were ground into the
surface of the.rimto nmake a slotted abrasive rim 5 The vol une

per cent ages ofAbragve whesisof thedhvemtrewshepleparadirofhedbhf of _1“!’5&?19.'1?5 qf the
bel by E94 £6h (A7EX D6 %2 G esimbonred diroondiaheets wfziegiion ¢ he f or m
wheal 5 ul e ot proddesdd ids by belof 100uhe A r | bed “bel ow for wheal
3330 Tesin. OBt o et Loy dameat B S h BOMUS 3RI. )
and 53. 3EPSifyoRtgineddzors(desidentaEChemitat Corg) Mol Téntwanidhl KY)SPRISE34 44
Vat or | al 40 Jifcd SptinrBSTERpgsPhsHn UG- 491202 allsm apbems 4 mitro0 merga on.
Anplisx | gfaniétep SbtaiRea e Enhiédbn & 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, Bioomfield CT) were mixed together. Once a
uniform biend 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
. Exampié 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.



Sai nt - Gobai n Industrial Ceram cs, Bloonfield CT) were m xed togethef.6 §BicHl}

: unlfor ?l@ d was obt ained, it was screened through a US# 170 sieve
screen [ garatlon for nol di ng onto a backing to formthe abrasive rim.
portion of the 20 abrasive wheel. The-al um numring backing el ement and the
mol di ng and curing processes of Exanple 1 were used to nmake abrasive wheel
using this abrasivaablendVdumeh Gopssitionef Whddlgse wheel s, hi gher
di anond re substituted for those of wheel 2-A to make
wheel 2-|B; Wheeh hijkparsplei th Example | 2Bxampleent BrampleédsiComnwsiciapl t hat of
wheel 2- eel 2-Q The, vol Vé)ercen ages of the conponehts of

el o

A o"ﬁke
t hese wHeeP&MA® shown in Tabl €A 0 2Cr 2003 wheet®39] Table 1.

Vol une % Conposi tijon of Whegel s (aj henolic resin used ijn this bond was a
zinc catjal yzed resol e resin. ion was ¢gstimted fyom
anal ysi § ofBgngonmer Cigag Priodugty UG T T (Er'rmurst,
II'linoid. 5 (c) Analysis indicated phenolic resin. eel %?
1Exanpl Exdepinekxgnpl eCommgr ci al  Sanpl e2- A2- B2- Cwheel (b)
Bond6. 9¢—3222(a)}4—129. 5(0} -resin Bond? 30Q0- -resin B
Di anondd1. 0890d 4. H4. 028 4 AbrasPve Grai n0Si 0263, 46 450 |471. 6O(d) fspher es
Nat ur al 16._%@%“3%2 919. 927. 8§ Porosi ty
D anond:f1. 271.°00. 46: 1. 00. 653: 1. 00. 66:|1. 00. 66: 1.]J0 Resin R4tio
Diamond 11.0 4.0 14.5 40 19.4
Abrasive
Grain
Si02 63.4 63.4 50.4 71.0 ot
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, [llinois.

5 (c) Analysis indicated phenalic resin.

(d) The filler used in this wheel comprised crystalline quartz particles. The filler
was not holiow. The filler particles and the abrasive grain were approximately
equai 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 slofted rims; and 1 wheei 2-A with unslotted 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 availabie resin bonded diamond wheel (FPW—AF-416-27QST-RT 3.5H

10



égﬂb Téhe filler used in this wheel conprised crystalline quartz parti[l:qicgg.T 2003
i#61q%0%en 3@ not hollow. The filler particles and the abrasive grai§0011406
were approximately equal 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 ‘ '
uns| ot t vheel pbtained-fremnkyjinaid Ina, Bimisurst, lliaois) irva silicon wiafexbackdrnding i nch)
size, and conpared to a commercially available resin bonded di anond wheel

( FPW AF-PAPEeSS79ST- RT 3. 5H 10 29- 06-2001 0-3739 0 6 O C T 2003 US0011406

wheel , obtai ngeh &F bt . ;{'gnéust, [I'linois) in a silicon wafer
backgrindi ng pr ﬁ@@gsqﬁemggﬁﬁryétﬂ%% estiing conditions were. Ginding Test

Condi ti QQs;: .5 cp' ne: .t.Strasbaugh 7AF Model Wheel Specifications: Type
2A2TS; gl - opgIgN (11 X 1.125 X 9 inch) Fine Ginding Process:

Wheek Spgﬂhéﬁiﬁ@ I on: See %ﬁ%ﬁ%%%h?ﬁ:sﬁﬁgg?{ Speed: 4,350 rpm Cool ant:

Dei oni zed wat er Cool ant Fl ow ons/mnute (11.4 --18.9

|'i t er s/ mWhee) Spééifications: Reype/2A2TSt 2P.91X 219 X022.8tcei (£1 X51.125% 9linch) 5 P,
lift: 2 p Feed rate: step 1. 1 Ns, step 2: 0.7 p/s, step 3: 0.5 ul's,

lift: 0.5 NNs i5 Dwell: 100 rev (before lift) Wrk Material: Silicon

waf ers, iﬁé’ . B tation, (15.2 cm (6 inch) dianeter surface, with
flat edgg;—%g&ﬁ%@h Ra about 4,000 angstronms Wirk Speed: 699 rpm
const ant \Heélogpsdfidationd S6e Papfess: \Weel Speed: 3,400 rpm Cool ant:
Dei oni zed water Cool ant Flow Rate: 3-5 gallons/m-nute (11.4 - 18.9
| i t'er s/ mWheel)Spead:eri al ®R850wpth step 1: 10 p, step 2: 5 p, step 3: 5 p,
lift: 10C0 .. '
oolant; - Deionized water
~ Coolant Flow Rate: 3-5 gallons/minute (11.4 - 18.9 liters/minute)
Material Removed: step 1: 10y, step2: 5 p, step 3: 5, lift: 2
Feed rate: step 1: 1 u/s, step 2: 0.7 p/s, step 3: 0.5 /s, lift: 0.5 w/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 (11.4 — 18.9 liters/minute)
Material Removed: step 1: 10 p, step 2: 5 p, step 3: 5 , lift: 10 p
25 Feed rate: step 1: 3 /s, step 2: 2 p/s, step 3: 1 /s, lift: 5 p/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 follows:

11
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25 Feed rate: step 1: 3 p/s, step 2: 2 p/s, step 3: 1 to/s, lift: SQ0R/QELT 700
Dviel | : 5%6#1%\? ébefore Fift) Work Material: Silicon wafers, N type 100

or i ent at i-ofi; ? 5.2 cm (8 inch) dianeter surface, with flat edge) Wrk
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 foll ows: 1TngiRg ) SHEET 060CT20l 3 BO- 3739 Truing Operation: Disc:
38A240- HVS (obtai ned from Norton Conpany) Disc Size: 15.2 cmdianmeter (6

i nches) \Weel Speddsc:126624prh8SNabtainad fromoron Cungrarl) 150 p, step 2: 10

p, lift: 20 p Fe raLe: st - 5. p/s, step 2: 0.2 pis, lift: 2 p/s
Dwel | : 25 rev (bef F‘égL'#q-t) gsé?“cﬁ*gmﬁtﬁfr(é logh@s) hand hel d stick

(38A150- HVBE st i ckayné ,fg'dj rton Conpany) 10 Tests were perfornmed
in the vertical spi nd?lteg% urig‘éi%(?iq:hh?ng node on silicon wafers to neasure

the heel perforrrMnieriantemovemCﬁépg:aSegﬁ%@dp 2t 90 @, 6fti polyng condition. A
m ni mum of 200 wafers, 15.2 cm é8 I nch) dianeter size, having an initial
surface finish of Fagdate stem Tafgds.rstep 2: Adiptsolifie? gfsound wi th each wheel

to reach a steadb @5 t L on.for measurement of fine grinding
.performance. Each™1 I%&?&iﬁ’?ﬁ?&@to renove a total of 20 p of materi al
fromthe wafer inprBgs bf MbingdikeH : L hed Jable 1 shows
t he perfornmance of the mﬁgé’ﬁg'éggﬁ?ﬁ’ iéggé’gﬁgﬁ%@wgt’% O%é?'r'ﬁﬂi ng,
wheel wear rate (#onaertageCarhpampsurenents made after grinding 25

waf ers), nunher of wafer round, Gratio and wafer bum for the three
di ffdrent 20 t§PeVegL d inithe, vedtical prindlesiunge grindinganode ea siticon

m”g?; ;” ggg%eﬁ’f g%ﬁ%%ﬂtﬁ]g\ﬁngéwodﬁ@%% Her ?é’é&%nﬁ a’s tiagcih? g{até Briﬁlignigcon
- - 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 p 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
J face of the wheel loads with debris being removed from the surface of the wafer, the
wheel dulis, 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 y bipolar (9 sec), and FDA Res = high).

12
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face of the wheel |oads with debris being renoved fromthe surface of gtyrg 2003
waf er, tge wheel dulls, the force needed to grind increases and the wheel
may begi Q37Bdrn the“wafer. To prevent wafer danage, the Strasbaugh
grinding machine used in this 25 test automatically halts the grinding
process when the force drawn by the process exceeds a predeterm ned

maxi mum (i.e., 244 Newtons (55 lbs))"!‘A || wheels the power drawn
(i.e., peak motor current in anps) in the Strasbaugh machi ne

limts fBamplel waf eFarcgroun eINupibef @ ratip N1 8 AP Wth a
ZygoTM white |ight i f neter 30, (Newview 100 Id O SN 6046 SB O Mbodel ;
sg?ti ngs: Mn Md %‘Q‘I"% Wﬁaf/&?‘aa si?k = 20, PnhHBE"Res. = high, Scan
Length = 10 p bi pol dbs)(9 seiyaferand wddé&sRes = high)Ra 12 0 6 0 C T 2003

BO 3739 TABLE 1 Sanpl e Force Wieel Nunber Gratio Surface Wafer bum

Newt ons_\Wear rate of Finish(a) (1bs) p/wafer waf®%°P& angstroms Exanple 1
24-31-- B@AMpRt none24Bbts Exdbpl e 1 25- 330. 4920029257, 7TNOREneS Ot s Exanpl e
2- A 17- 2§kg47200306- - none sl ots Exanpl e 2- A 25-330.38200380- None sl ots
Exanpl e EZX-A 24- 300. 4030033469. 2None no sl ots Commerci al

ample 1 25-33 0.49 200 292 57.7 none

Slots
Example 2-A 17-26 0.47 200 o6 - 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
ho slots
Commercial ~ 24-30 0.60 200 261 771 None
Wheel

(@) Surface finish numbers represent an average of 9 measurements/wafer and an
average of 8 wafers/test. The Exampie 1 wheel surface finish measurements were.
made during a prior grinding test under identicat 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 wheél 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 dulied more quickly than the 2-A, 2-C and Example 1
wheels. Another test under the same fine grinding conditions demonstrated that

13



24- 300, 6020026177. 1None_WWeel (a) Surface finish nunbers represent agg grT 2003
aver age qb\_,ﬁr asurenments/wafer and an average of 8 wafers/test. Th

Exanpl e eel surfaceé“finish neasurenments were nade during a prior
grinding test under identical grinding conditions with a different 5 wheel
made ‘according to the formul ation and process of Exanple 1. (b) Too few

waf ers weheel@-Guwithvd highehsiticalspherd contalie(7arvea 634 aslame¥y lthae whee! @
ta show that the wheels of the invention performbetter

measurengnt,. The d
t han thgE Wﬁfﬁ? pr)gncs comparalifeto wheel 24 i nvention were approxi matel'y

et rer  than TEReCAE0Rk AL Ple hRNATR el oBhielt Witgelfor rmPBsany i o
obt ai ni nig 28Arind 2:C didmctiuiIN.é Nehey bR sélshapehinitor élﬂdﬂ&ﬁin@ﬁqg ons.

Fine grinding tests run under the 'same grinding conditions w e version
2- BSwhédglieved theisilica spherasdndhe shesisfractuteitd keopthe whealfacaopengndat i 0

and 15 Et Lning a 50-70. angstr.om surface finish on silicon watrers. Due to
the 1 oudte DigH BercBorius’of SR shriares in ik whreRaTayentdoasing o1 dompbees of thi s
wheel , - [ I i,ckly. th
the 2. a5 B SAMDRG delqRay 1R LicERs, Rirfat, Mifh cBratRire BikS Blint™ "
gri ndi ngriedirgj ¢f wafersieithres toarsedurfaek (iL8., Rabalidul 22008 aREitdR8), iige!l 2-C,

with a higher silica sphere content (51 vs. 63.4 volume % than wheel 2- A,
showed pefewwdihiatihe sppemepiriacefithe dncaming wafes wodtnieces effeetively hat t he

" oF0°, e B Eod BERERE SiiRbRs %, 2K ARLE, wheelh €0 £5oparafe Bimssine

silica papdthm ﬂ'srhdﬂi‘équﬁéiﬁ' s fracture to keep the wheel face open and the
hi gh percentage of silica spheres in the wheels prevent |oading of the

wheel face WWthoaghExample@-Awhkeely were idertifiedafsethe wheedld aavingrthebest
oper ati ons de durin rinding of wafers with a coarse surface (i.e., Ra
prrﬂgnq:% au?%

about 4 Y8 "SRE pEneely &f theninventien wese geceptableceTh? t he
oo Sl ante ML SRS S et e AR AT
Al tt®ugli.xdiiplid Wwidmettopivaswrexpediedtrefdtive t63hd perfolitahce badrmdriial best
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 y 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 (55 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 acceptable fine grinding performance (material

14



overal| grinding performance, all wheels of the invention were acceptﬂaﬁoﬂﬂmm
The perbg#ngnge of the"tools of the invention containing significantly

| ess di aRBbhé a ain 15 (f.e., 4 to 14 volune %9 was unexpected relative to

t he performance of commercial wheels containing nore dianond grain (e.g.,
about' 19 vol une % di anond grain) typically used for backgrindi ng of

ceramc I éﬁq% ndi ng test
of the Mee?géao%ﬁﬁ%%@eanﬁ@%%?o\)hee Eg;&%fadbé %%hﬁf&ﬁ%% Vgéé operating
condi t i osignificantlp ffersetd that bﬁihepcfmwmel:tﬂallibamﬁcﬁto?that abthd todls 6f e materi al

was renoved froma silicon wafer, and a surface finish of 50 to 70
angst r orfV&AYO%ener ated while utilizing an acceptable | evel of power (i.e

el vas_mobd He ey beARRRIR AP iGeRhal afd sitecRbBiNtar | ne
SO atwithouaitacetirnge t b dereMliliRorkhEES) oF B dnfdsive YHILEF 1nd® o' |1 €2

spheres (i.e., no abrasiVe grain) al ning

abr asi vemgeathm wastriod abisensidvia a taol centairdng onlyysdit:d&ﬂieres ith ﬁ@abrﬂmﬁ
material _from the surface of the silica wafers even after reaching the
machi ne &M -mum of 244 Newt ons (55 I'bs) of force. This conparative whee

i nproved 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, conparative wheel did
not provide acceptable fine grinding performance (material 14 060CT2003

BO 3739 renoved, wheel wear and g-ratio) and its surface polish performnce
was S|gn|f|cantly inferior to that of the commercial tool and to that of
the tools of the invention. Thus, the observed performance (renoval of
material and surface polishing 5 w thout surface damage to the ceramc
wor kpi ece) of the abrasive tools of the invention was not observed in a
tool containing only silica spheres with no abrasive grain. 15 060CT7003
Clainms 1. An abrasive tool, for surface grinding and polishing of hard
material s, such as

15



ceranics, netals and conposites conprising ceranmics or netals, conpr{§iltd 280
backi ng and an abrasive rimcontaining 2 to 15 vol une percent abrasive
grain, the abrasive grain having a maxinumgrit size of 120 m crons,
wherein the abrasive rim conpri sesUai@msn bond and at |east 40 vol une
percent hollow filler materials, and the abrasive grain and resin bond are-
present in the abrasive rimin a volune ratio of 1.5:1.0to 0.3:1.0 grain
to bond. 2. Thé\h@pasivedophfor ssfacegrinding ahe pelishingef hatd Matérdidls &Such as

material s I r he group consisting of silica spheres,
mllite s?%@r‘%g‘ ﬁ%&%gﬁé‘z’aﬁ%ﬁ@?gdﬂ’ '5'%%%9%%”@%'& fRMPESIBgtEher eof .
3. The abibasking draican abrasha i i | el re
silica sphereg. 4. Ther abr asi ygnﬁg{ﬁo?tipgrﬁqmg?@%@#g% %Bﬁ@es&laﬁfjhg
spheres r 2RSS grAIRPAVING A MEXiMaD gritsizenaf 120 diicrors svhefein FHecalrasR I e

spheres r arye” o . 3f 12 >in | .
ol ect ed Fenbrives fosh oRd o &1pAS 4 dlhdihrraftialby Blersneterials nddband
conbi nat i abeasiveegrd and24inHondTEEIHTEERIHH the hBfsie A9 il AlNe erioyPegr i

abr asi ve )l of aim5, wherein the superabrasive grain Is dianon
havi ng a H%ﬁ-ostpz@?'a&g@mo bpadt 0 20/ 40 microns. 7. The abrasive tool of

claim1, erebn tkbi E_orosi ty of the abrasive rimis from 12 to 30 vol une
percent. & Thd "@ARI3PYe teal@if claimct, avherein thadiotiow fillee nidlteASIs e %b‘@ct?d
of claim

conpri ses .pnercent resin bond. 9. The abrasive too
1, rr\p/\/nerei r?% trélfeheg@rrogéioé\?g'gﬁp EEF@P%EEE% gwilde spberase bpbblecatuminas igiagpnd.

10. The alphetegcarid@dmBinatib@d fReteottherein the resin bond is selected from
t he grou% congj sting of phenolic fesins, alkyd resins, epoxy resins,
pol yi ni de%r esi 15 abfgsive tanl of claimra; siteseiartte toMbv TR ﬁfb’ieﬁé]?ra?%gﬂicél' The”
abr asi ve gﬂg%regf claim 10, wherein the resin bond conprises a phéenolic
resin. 16. -06-2001 0 6 O CT. 203 BO 3739 US0011406 12. The abrasive tool

of claim §, 'V\théidb_ré%I@e ﬁﬁl%ﬂ:"éﬁnrj, Wh%?ériﬂrthgesﬁi 50 to 75 vol une percent

hol low filier material. ca spheres range from about 4 to ‘
0 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 therepf, having a maximum grit size of 50 microns.

6. The abrasive tool of claim 5, wherein the superabrasive grain is diamond

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.

8.  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 of phenalic resins, alkyd resins, epoxy resins, polyimide resins,
Ccyanate ester resins and combinations thereof,
11.

resin.

| The abrasive tool of claim 10, wherein the resin bond comprises a phenolic

16



ég.oel'gm]abram ve tool of claim1, wherein the hollowfiller materi aIgUz&c %@106
particles i ng an aver age di ameter of about 44 microns. 14. The

abrasive tool of claim1, wherein the abrasive'tool is a type 2A2T

grindi ng wheel, and wherein the abrasive rimconprises at |east one

abr asi ve segrrent and the abrasive segnent has an el ongated, arcurate shape
and an inner curvature selected to mate with a rai sed C|rcul ar face of the
backing. 10 15rh r 0 ima
Pl ar al iy rof o erasi/engol Bf fth 10 wiferfinithd sbrditis fir coBridet 307

abr asi ve volurhe glercenti holibw, fillgnenatierial. he abrasive rimis a continuous

abr asi ve seg t havipng a grinding face, and the grinding face has a
pluralityl neﬁ!ﬁ Q'Pr@”’%t@ogd)aﬁﬂ“ nierein taﬁﬂ'@!i@wg'liel materidis are particles

abr asgive | dia s selected froma group of

brasél-’ve'-'tga;'r%?'l rfta% ggt%%‘n%mgniﬂ wheel s, type 1Al wheel s,
I nner  di{goet qrhmlsw tgu; [ VR hii Shi ng
wheel s and polishing V\ﬁeel smﬁgiﬁﬁewﬁrgég%éab%| &aﬂ;ﬁ 2hot

grinding wheel, and wherein the abrasive rim comprises at least one abrasive
segment and the abrasive segment has an elongated, arcurate shape and an inner
curvature selected to mate with a raised circular face of the backing.

10 15. The abrasive tool of claim 14, wherein the abrasive rim a plurality of
segments is attached to slots in the backing.

- 16.  The abrasive tool of claim 14, wherein the abrasive rim is a continuous
abrasive segment having a grinding face, and the grinding face has a plurality of
axial slots ground into the abrasive rim..

15 17.  The abrasive tool of claim 1, wherein the tool is selected from a group of
abrasive grinding wheels consisting of type 2A2 wheels, type 1A1 wheels, inner
diameter wheels, outer diameter finishing wheels, slot finishing wheels and
polishing wheels.
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