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Background of the Invention

Non-aqueous, semi-aqueous and aqueous suspensions of non-colloidal high
density abrasive particles have been previously used in wire saw cutting and lapping of
wafers but have been unsuccessful in obtaining a stable slurry. U.S. Patent No. 5,099,820
issued to Stricot discloses an abrasive slurry of a suspension of silicon carbide particles in
water or oil. However, the suspensions are not stable and do not provide uniform
lubrication and cutting By the wires. Such compositions require vigorous agitation to
maintain a uniform suspension of particles, and the suspensions settles out quickly under
stagnant conditions even during work—piéce slicing while still under agitation.

Co-pending patent application serial no. 09/637,263 filed 08/10/2000 to Ward et
al, now Patent No. 6,602,834 which is herein incorporated by reference, discloses a non-

aqueous or semi-aqueous cutting and lubricating composition for use with wire saws that



Co- pendi ng patent application serial no. 09/637, 263
filed 08/10/2000 to Ward et al, now Patent No.

woRoe®Pid1834 which is herein incorporated by reberare®snos2se
di scl oses a non aqueous or seni-aqueous cutting and
| ubricating conposition for use with wire saws
thatrelies upon a surfactant, a polyelectrolyte and pH
to provide electrostatic repul sion and
particle-particle interference to maintain a stable
suspensi on of abrasive particles. U S. Patent No.
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wafers used in a varlety of industries (i.e
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w dt h devices, optics/lasers, wafer polishing, CWP
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i ngots, bricks, boules, etc. The next step follow ng
t hdniti pﬂodhctibutof@‘ilictdneSiﬁbeapphitﬁ, SaAspopticel glatscand other wafers
i nvol ves the LAPPING of the cut wafer to snooth out
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lower the hIl’ISV,ngl?ilr%lSna%eh %amagc depth defects and prepare the wafer for final
“POLISHING”. In general, aqueous carriers are used as the suspension media for the
lapping abrasives employed in this step. Lapping abrasives can include, but are not
limited to: SiC, Aluminum oxides, ZrO,, Silicas, diamond, etc. Lapping slurries utilize
abrasive particles that are in the size range of about 0.5-20 um. This mean§ that the
suspended abrasive particles are typically non-colloidal in size and nature. This does not
exclude the use of colloidal lapping abrasive (i.e. abrasive particles of size range from
about 0.001 — 1.0 um), but such particles are not typically used in lapping slurries.

The lapping slurry for wafers, gears, ceramic, etc., is subjected to many shear,
grinding, and abrasive forces during the wafer lapping process. During the process of

“planetary lapping”, the slurry is injected onto the wafer surface, which is held between

two large iron plates. Counter rotation of the upper and lower plates holding the wafer
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ere exli sts no I Scosity, water-Dbase

deca =8 I,[eor dz{tg at‘\ere exnsts no I'iow viscosity, water-based carrier that will maintain
“NCOL” abrasive particle suspehsion for more than an extremely short time period of a
few to several minutes. After that, particles begin to agglomerate and settle out of
suspension quickly to the bottom of the container. Such abrasive particle settling in
current “aqueous” slurries occurs quickly, even during constant mixing or recirculation.
This particle settling is typically manifested by a “hard settled cake” at the bottom of the
container. Any attempt to regenerate slurry, which would maintéin the original particle
size distribution of the virgin abrasive, cannot be accomplished by simple mixing,
agitation, shaking or the like. As a result, such slurries are immediately discarded,
wasting expensive abrasive, time, manpower, and effort.

In prior art suspensions, temperature, and pH played a factor in the amount of

time that a suspension remains homogenous and uniform in extended stagnant storage.
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sol vents dependi ng upon the size of the particle, L
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suspend abrasive particles due to a particle to particle interference within the aqueous or

semi-aqueous carrier environment which is also believed to produce a stable repulsive
zeta potential within the environment. The slurry composition can contain about 0.1 to
70% by wéight of the abrasive inorganid or ceramic materials and about 0.1 to 20% by
weight of generally formed suspending particles which are comprised of other metal
oxides, hydroxides, and oxide hydrates that form a suspended precipitate in water within
a pH range of about 4 to 12. The aqueous content of the carrier can contain about 5 to
100% by weight of water with an organic solvent making up the difference which is inert
and non-reactive with the water medium, the suspending particles which include the
. abrasive material. The suspending particles have a density similar to or less than the

carrier solvent composition.
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Description of the Preferred Kmbodiments

The present invention provides a means for providing a stable suspension of
particles in an aqueous or semi-aqueous medium which have a long stagnant shelf life
without agglomeration or abrasive particle hard settling. According to one feature of the
invention there is provided lubricating carrier and abrasive slurry compositions which
retain a stable zeta potential environment within the carrier for wire saw applications, for
example cutting of ingots or boules into wafers or disks for semicqnductors or opto-
electronic equipment; lapping or polishing slurries, CMP abrasive slurries and the like in
which a suspension of particles is maintained at ambient as well as elevated temperature.
The abrasive particles are maintained as an aqueous or semi-aqueous slurry by providing
about 0.1 to 20 weight percent of suspending particles which provide a particle-particle

interference against agglomerates or hard settling and have a particle density less than or



or NCOL abrasive or other particles in a neutral or
near neutral pH nedium A further object of the
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forms of the in situ precipitated form. In addition, there is generally a broader particle
size distribution of the in situ form suspended particles.

The abrasive material for use in the above-recited composition may include
powders of diamond, silica, tungsten carbide, silicon carbide, boron carbide, silicon
nitride, cerium oxide, zirconium oxide, aluminum oxide, or other hard grit “powder”
material. One of the most common abrasive materials is silicon carbide. Generally,
mean or average particle sizes range from about 0.5-30 microns in wire saw cutting
applications, and preferably from 3-20 microns, depending on the international “FEPA or
JIS” grade designations of the grit powder. The concentrations of the abrasive material in
the suspension medium or carrier for wire saw cutting applications typically may range
from about 0.1 to 60 weight percent of abrasive with a particle size range of from about

0.2-50 um and preferably from about 1-30 pm. For metal finishing or lapping



conpri se the conventional abrasive particles having a
particle size of about 3 to 100 mMm for saw wire
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application being the range typical of about 50-1000
nm The preferred suspending particles are those
formed in situ such as when a netal salt is forned
into the netal hydroxide. In such a case, the density
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diethylene glycol ethyl ether, dipropylene glycol methyl ether, tripropylene glycol
monomethyl ether, various polyethylene glycols and poly propylene glycols and the like.

The organic solvents are used in some cases to provide needed viscosity levels to
the resulting slurries prepared. Other uses for organic solvents may include a lowering of
the slurry/carrier freezing point. The choice of the solvent is relatively immaterial as
long as the solvent is inert, non-reactive with water or with the suspended abrasive
particles and haé low toxicity and is of low odor.

The suspending particles that can be used include, but are not limited to, metal
hydroxides, oxide hydrates and oxides other than the abrasive particles that form an
aqueous or semi-aqueous suspension (i.e. gel, gelatinous precipitate, sol, colloidal or non-
colloidal suspension, solid emulsion, etc.). These suspending particles as an important

component of the present invention will not settle out over time. This includes, but is not

limited to those éompounds, which in situ are within or without the medium converted to



fromabout 0.1 to 60 wei ght percent of abrasive with a
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wafer C MP. (i.e. chem cal -nmechani cal
pol i shi ng/ pl anari zati on), abrasive particle sizes may
typically range from 10-2000 nm (nanoneters) and
preferably from about 50-800 nm (nanoneters). For
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sol vents are used in sone cases to provi de needed
betwedhcdpll by aboavelaad 12. the resulting slurries prepared.

O her uses for organic solvents may include a | owering
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suspen rasfve particles and has” | ow toxicity and
IS RInohg Wnqu&ﬁl' oxides or oxide hydrates which may be used or formed in situ as

suspending particles are MnO,, MgO, ZnO, SnO.xH,;0, TiO,, Al;03:xH,0and the like.
These oxides can also be used to provide the corresponding hydroxides in situ to provide
a stable suspended sol, gel, gelatinous or colloidal or non-colloidal suspension for the
carrier system.

In the case of AI(OH); or other aluminum oxide or hydroxide species, a pH range
for use in the carrier is about 4-12. A preferred range is 5.5-9 and the most preferred
range is 7-8.5. Within the most preferred range it is believed a stable zeta potential
environment exits about the particles enhancing the mutual repulsion of particles within
the system.

Excluded as suspending precipitates or particles are those particles having a
density significantly greater than that of the carrier solvent, and those that are not

naturally precipitous or suspendable. It being understood that there are those metal



The suspending particles that can be used include, but
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suspension, solid emulsion, etc.). These suspendi ng
particles as an inportant conmponent of the present
invention will not settle out over tine. This
i ncludes, but is not limted to those conmpounds, whi ch
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order to determine if a carrier can create a stable slurry, a slurry containing 15% silicon
carbide (SiC) HS 1000 grade (i.e.; an average particle size between around 13-16 um)
was prepared and stored in 50 mL centrifuge tubes at ambient and 50°C, and the SSR and
SVR were measured over an extended period of time. The soft settle was measured using
an IMADA Vertical\ Manual Lever Force Test Stand, Model LVfIOO. The IMADA
measures the force required for a probe with a standard diameter circular pad at the shaft
bottom to go through the slurry and reach the bottom of the tube. In order to measure this
force, the setup of the IMADA was modified by lengthening the probe shaft so that the
probe could reach within 1 mm the coned bottom of the centrifuge tube. The probe was
lengthened by attaching a long screw to the probe. The force measured by the IMADA is
reported in hundredths of pounds. A low SSR indicates that the abrasive can be easily

resuspended, and high value such as >1.2 indicates the abrasive has hard settled and

cannot be easily resuspended.
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manner, both standard rod penetration depth and calibration of the tool are checked daily.
For a slurry formed within an excellent suspension carrier, “Soft Settle Readings” (i.e.
SSR) of penetration resistance are expected to be low; <0.2 Ibs. over long storage periods
under controlled test conditions i.e., > 4 weeks. For slurries formed within poor
suspension carriers (like standard PEG-200, 300, or 400, or water for example), SSR’s
are typically in the region of 1.5-2.0 (i.e. high) within quite short “storage” time periods.
In other words, the lower the SSR for a given slurry over time, the more stable, uniform,
and better the slurry with respect to everything from performance to storage capability to
slurry suspension maintenance to recyclability.

Because the invention relates to aqueous and semi-aqueous media, extended
contact of the formulations of this invention with metals such as carbon steel, iron, spring
steel, etc., that are typical components of wiresaws, metal finishing lappers, wafer

lappers, etc., can result in corrosion or rusting of such metals, it may be advisable to add

a corrosion inhibitor.

10



retention (SVR), which neasures how wel| the solid
particles remain in suspension. In order to determ ne

woixbooa3eakri er can create a stable slurry, a skpdfg2008/005256
containing 15%silicon carbide (SiC) JI'S 1000 grade

(i.e.; an average particle size between around 13-16
nmm) was prepared and stored in 50 nL centrifuge tubes
at anbi ent and 50C, and the SSR and SVR were neasured
over an extended period of tine. The soft settle was
measur ed using an | MADA Vertical Manual Lever Force

TSRS A iy e
o B 5 B S 8 B s

force, the setup of the | MADA was nodified by
¢ engt heni ng t he probe shaft so that the probe coul d
reach within 1 mmthe coned bottom of the centrlfu%
t ub®. comqaion riphibitopmay digadded da thy carrien dprmations i the present
screw to the probe. The force nmeasured by the IMADA S
invergionrtosuippresshom eliminatesmetal sompsien. Apppregrinhikitosnshonld not
that the abrasive can be easily resuspended, and high
cauven | fosming g linterfere 1with i theli formemtibine abblity 30 vprokisls loagderm stable
settl ed and cannot be easily resuspended. The SVR is

abrésiveC bt §31i3d siipendionsy omigroftise the visassitythesloky oI ae wiifednity of |
within the centrifuge tube (in L), dividing that

the wnu%nhmahbﬁs aahat hssyahiedabRbive Besdlldeshspehdiodshe
centrifuge tube (in nL) and nmultiplying by 100. The

ab?"?‘f”{ab " orréfen’ RintforE WIS ol JOQded It BhicBhs g semi-

e carrier to rasi ve I

aqu%&lc’soc%rr‘?ér? ¢ thyﬂ?esg}ﬁm%nnon may include, but are not limited to aliphatic and

aromatic carboxylic acids, neutralized carboxylic acids using alkanol amines (i.e.
diethanol amine, triethanol amine, etc.), alkyl or aromatic amines or Bronstead bases.
Also included may be other known metal corrosion inhibitors ih the art such as long
chain modified carboxylates commercially under such trade names as DeForest DeCore-
APCI-95, DeTrope CA-100. Further examples of known corrosion inhibitors equally
suitable for the corrosion prevention or suppression of metals used in CMP processes (i.e.
Al/Cu, Cu, AV/Si, Al/Si/Cu, GaAs, LnP, and the like) may include but are not limited to
benzoic acid, pyrogallol, gallic acid, ammonium thiosulfate, 8-hydroxy quinoline,
catachol, benzotrizolé, etc.

Additionally, there are other suitable corrosion inhibitors which function as
oxygen absorbers or scavengers which include but are not limited to hydroquinolline, 8-

hydroquinoline, nitrites, sulfites, etc.
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a slurry generally decreases over tinme, and is not
necessarily indicative of the soft settle
woeh@dedseri stics of the slurry. The SSR and SYRTwRb®S/005256
checked daily for a week, followed by once every week.
So that the tool neasures "cake-penetration
resistance" in a repeatable and preci se manner, both
standard rod penetration depth and calibration of the
tool are checked daily. For a slurry formed within an
excel | ent suspension carrier, "Soft Settle Readi ngs"
(1 e éﬁbogquﬁﬁg%ﬁglbﬁ NinhiBhbrst 7 Gfie ogé Qﬁ%ﬁdmk@ntlon is
be oW, over |l ong storage p S under
oI I ed tes n
imniaiehal 87, < ohe RERIGY F886' 08 abore ey Eftbrmancs griteria
3{% ndard PEG 200, 300, or 400, or water for exarrpl e),
inclydipg's are typically in the region of 1.5-2.0 (i.
high) within quite short "storage" time periods. In
ot hrer supprass or elHBinpts RgtakaQETOSiSR for a given slurry over
time, the nore stable, uniform and better the slurry
Wi t-h desspet causoneticsable fioaming pbthesarries onteselting slusor age
capability to slurry suspension mai ntenance to
r ecy cledsi ndttepmpBemze e inteeferenwithttho abiligy af ¢lse tarier to provide
aqueous and sem -aqueous nedi a, extended contact of
t he fmhgué,@tgmﬁtycﬁfmmlﬁrrynventl on with netals such as
carbon steel, iron, spring steel, etc., that are

tynpi C%escﬂé'fpﬂél@t@?@us%f e‘fl’el’:ﬁ‘SﬁE@slty"?iﬁ'or frhébl&é’y 1§ the carrier or
| appers, wafer |appers, etc., can result .in corrosion
or rU?&hl@iﬂg%ra&%@olm%tsﬁép%nsxbﬁ may be advi sable to add

- does not deleteriously effect the uniformity or homogeneity of the carrier

suspension or the abrasive solids suspension within the carrier.

The following examples are illustrative of the practice of the method of the
present invention. It will be understood, however, that the listed examples are not to be
construed in any way limitative of the full scope of the invention since various changes
contained herein in lightA of the guiding principles which have been set forth above. All

percentages stated herein are based on weight except where otherwise indicated.

Example 1

A 0.5 M aqueous solution of aluminum sulfate hexadecahydrate was added to tap water
so that the percent aluminum sulfate in the water was 0.94%. This solution was

neutralized with a 0.5 M solution of tetramethyl ammonium hydroxide (TMAH) to a pH

12



a corrosion inhibitor.It is another object of this
i nvention to provide an aqueous or seni-aqueous
wooadwizeds6sl urry systemthat will not cause copt@aiSNsAHs256
nmetal s such as iron, carbon steel, etc. A corrosion
i nhi bitor may be added to the carrier fornulations of
the present invention to suppress or elimnate netal
corrosion. Appropriate inhibitors should not cause
of 71 922" Gormllatidrf s%hesemetrgaéiﬁ% (S SRIEAPuspeSion Riolinke/retedtion
provide | ong-term stabl e abrasive or solids
) tre \j-S I ;
(S\’oiﬁ%ﬁﬂféoﬁér?ngq.yﬁgéglﬁmaﬁﬁ dtez #) §Qrods¥rates Qﬁ@i%ﬂtx?]tespgﬁensmn.

uni e carrier ormul at1 ons an

ciaied, abrasi or.solids _suspansi ons ' | e

The R BE A 3 R R Lol B kT Bl SHSPREE A o PR o

and, sem aqueous carriers of the present invention may
SuspeRgPlide, but are not linmited to aliphatic and aromatic

carboxylic acids, neutralized carboxylic acids using

al kanol am nes (i.e. diethanol am ne, triethano

amne, etc.), alkyl or aromatic am nes or Bronstead

bases. Al so i ncl udBablerds. Foemudatéion Ratawn net al

corrosion inhibitors in the art such as |long chain

Y Sofid ed [car bgdpat es| cong®rddMal | y ung@SMuch |t r adepH

AISOER -B6 DeFowmaftér DeCpr ecAINBO,);95| DeTMaH CA-|100.
Fytjger exanpl es of khown corrosion inhibitorg equally

SW.6ADT € TOT JatEoG Of T PSI ONgREEVENT T ON Y 24UPPrESST g2

of Tmetat s used T CVP Processes (1.e. ATCO, CU,
Al/Si, AI/Si/Cu, GAs, LnP, and the |ike) may include
but are not limted to

Table 1b. Viscosity, SSR, and SVR Data

% Solid Ambient Soft Settle & SVR 50°C Soft Settle & SVR
Al (SOy); - 16H,O Day 1 Week 4 Day 1 Week 4
0.94 SVR SSR SVR SSR SVR SSR SVR SSR
29 0 22 0 28 0 20 0
Example 2

Solid aluminum sulfate hexadecahydrate was added to tap water so that the concentration
of aluminum sulfate in water was 10.76%. This solution was neutralized with TMAH
(25% solution in water) to a pH of 7.69. The formulation, viscosity, SSR and SVR data
 are listed in the following tables. Again the SSR and SVR readings demonstrate an

excellent stable abrasive particle suspension, even after 4 weeks.
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benzoi c acid, pyrogallol, gallic acid, anmoni um
t hi osul fate, 8-hydroxy quinoline, catechol,

wolemBlssszol e, etc. Additionally, there are otpgrus2008/005256
sui tabl e corrosion inhibitors which function as oxygen
absorbers or scavengers which include but are not
limted to hydroquinolline, 8- hydroquinoline,
nitrites, sulfites, etc.The selection of the corrosion
inhibitors for the purpose of this invention is
immaterial as long as the inhibitor neets the above

ment i oned perfor MBAGSe 24, g SHu?at’id?ﬁ)M' ng: suppress or

eI [ m nate netal corr oSl on oes cause notl ceabl e

" f—the—ecar+rief Ill S] S Gy —coes ot
cf “%m sle or&Perfef e & gp e abi Igﬁ'jf the PH
AlA® ﬂ)ér tio prg‘(ﬂ tfe | opg- 1 )(3ab| it “thefslurry -

Ohot_idel eteriously effect visg osity—pH or

(h@36ogy lof t269-Farribr or3%sulting A3%2%ive [sol i d69

suspensi on - does not deleteriously effect the

uniformty or honogeneity of the carrier suspension or
t he abrasive solids suspension within the carrier. The
followi ng exanples are illustrative of the practice of

t he nmet hod of tﬂabwﬂﬁmom%@m,aﬂdsmw Il be
under st ood, however, that the |isted exanples are not

% Qolld Viscosity at 25° | Ambient Soft Settle & | 50°C Soft Settle & SVR
Alz(SO4)3 (CP) SVR
Carrier | Slurry Day 1 Week 4 Day 1 Week 4
SVR [ SSR | SVR | SSR [ SVR | SSR | SVR | SSR
10.76 16.0 74.0 66 0 42 0 56 0 51 0
Example 3

Solid aluminum sulfate hexadecahydrate was added to tap water so that the concentration
of aluminum sulfate in water was 15.54%. This solution was neutralized with TMAH
(25% solution in water) to a pH of 7.73. The formulation, viscosity, SSR, and SVR data
are listed in the following tables. Similar results in terms of slurry stability to those of
previous examples were observed. However, in this example, the SVR of 74 after 4

weeks @ 50°C illustrates an exceptionally stable slurry.

Table 3a. Formulation Data

% Solid g Tap g Solid g25% pH
Al(SO4)s Water (AL(SO4)3 TMAH
15.54 253.37 46.62 146.03 7.73
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construed in any way limtative of the full scope of

the invention since various changes contai ned herein
woi2009/13¢836 of the gui ding principles which havechagiossbs2se

forth above. Al percentages stated herein are based

on wei ght except where otherw se indicated. Exanple 1

A 0.5 M aqueous solution of alum num sulfate

hexadecahydrate was added to tap water so that the

percent alum numsulfate in the water was 0.94% This

solution was neutralized with a 0.5 M solution of

The formul at | qudcrp GEERE SRaHIER by D0 752

-nlm N\ /DN
h

on_ 1B syr 4f 20"

a and n A woolke 1
A AR )] A

T T VST

;W%k'4 S anéﬂg;inn ' Week 4

L R R T B
S f at f

consi st ¢&RrYEE hShurgg| || Dayek

Table [h. Fornhl atiof SYR 5 SSR| SVR] SSR £ SNR | SSRGGVR | SSR

(D

dAd4SVR| DR0A Ex 3615 (2 780lli @ al B8 Nur@ sul Thte 0 | 74 | O
hexadecahydrate was added to tap water so that the
concentration of alum numsulfate in water was 10. 76%
This solution was neutralized with TMAH (25% sol ution

in water) to a pH of 7.69. The fornulation, viscosity,

SSR and SVR data are |isgesgmple 4 he fol | owing tables.
Agai n the SSR and SVR readi ngs denonstrate an
In this example, instead of using tap water as the solvent, a semi-aqueous solvent
employing diethylene glycol (DEG), was used. Because aluminum sulfate is not soluble
in DEG, a water solution of aluminum sulfate must be prepared before it is added to the
DEG. In this case, a 0.4 M solution of aluminum sulfate was prepared and added to the
DEG. The pH was then increased with a 25% aqueous solution of TMAH. SSR, SVR
and viscosities were measured. The soft settle tubes were prepared with 15% zirconium
oxide (Zr0,) instead of SiC. The results are listed in the following tables. The SSR
results in Table 4b demonstrate that at ambient temperature, a stable suspension exists
after one week when the starting amount of the A1(SO,); - 16H>0 exceeds 2.0%. In this

case the SSR=0.16, which is indicative of a very “soft-settled” and stable syspension. At

50°C, even an AlS level of 0.49% produces a stable suspension after one week.

15




excel | ent stabl e abrasive particle suspension, even

after 4 weeks. Table 2a. Fornul ation Data Tabl e 2b.
woMeRRIssy, SSR, and SVR Exanple 3 Solid al umpaungs2008/005256

sul f at e hexadecahydrate was added to tap water so that

the concentration of alum numsulfate in water was

15.54% This solution was neutralized with TMAH (25%

solution in water) to a pH of 7.73. The fornul ation,

viscosity, SSR, and SVR data are listed in the

following tables. Simlar results in terns of slurry

stability to thoserQfje @3{ %rﬁmg%aﬂ?&es wer e observed.

However , hi s exanp 74 after 4 weeks

P| (=} | Ffl . H
i gﬁ' {\ é@gb sg,gﬁmﬂ $SR and
A 1 n thi s =xarrr{be | nst eag) of usi ng

SOl ygg)ie a| senyegaquedus s@vent 8.01

TENe76H 90T | (DEglas Wag Usgrgg BEGausg.os

> S'w?,?”' 0T 539/ 5 DEG gy eT 7.80

n oo

H IUWM = ||L§L57uc bt cxfg ] :?79
7 T

r-!-o)c
oD

£
|
o A |
LI} LILIE™) A U, T, \'4 —acd
L-e—ggﬂ als aaar-é-‘é)—@d—adde%?‘z b—-t-he Dé?i"

* DEfe lblbtm@seﬁi}mll ncreased with a 25% aqueous sol ution
of TMAH. SSR, SVR and viscosities were neasured. The
soft settle tubes were prepared with 15% zirconi um

Table 4b. SSR and SVR Data
% Solid Viscosity at 25°C (cP) | Ambient SSR & SVR | 50°C SSR & SVR
Al(SOy)3
Carrier | Slurry with Day 1 Week 1 Day 1 Week 1
18% ZrO; SSR SSR SSR SSR
0.49 31 212 0 1.16 0 0.21
0.99 49 218 0 1.24 0 0
1.50 27 217 0 1.03 0 0.51
2.03 34 353 0 0.16 0 0
2.58 32 330 0 0 0 0
Example 5

The purpose of the following formulations is to lower the viscosity of the formulation
described in Example 4 by diluting the carrier with tap water. The carrier was diluted
25% and 50% with water, keeping the concentration of aluminum sulfate constant
between the various dilutions. For this example, 50% dilution is reported in the table
below. The soft settle tubes were prepared with 18% zirconium oxide (ZrO,) instead of

SiC. The results are listed in the following tables.
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oxide (Zr@2) instead of SiC. The results are listed in

the following tables. The SSR results in Table 4b
wodemmnstssat e that at anbi ent tenperature, a stpali®2008/005256

suspensi on exists after one week when the starting

amount of the AI(SO) ' 16H20 exceeds 2.0% In this

case the SSR=0O 16, which is indicative of a very

"soft-settled" and stable syspension. At 500C, even an

Al'S | evel of 0.49% produces a stabl e suspension after

one week. Tabl e 4a. Fornul ation Data * DEG= Di et hyl ene

d ycol Tabl e 4b. léagg FoYRd %ﬁ 4 i@l e 5 The

purpose of thefol forrru at|0n3|stolovver t he

+|Af\'anm nnnnn H

% §Pmﬁ%(§éf)he Fightof I"tc'l'if;ru @ I UTEF;ﬁgncciJr\?:lglrcRgsuy
diluted 259% ¥:
conP@dt r at | af _aldfi num sl fate nst ant |het weeh’{ he

varP80s dilutions. B8r thisl|exanpl®™0 500 dill ution’-$&

rep@ffed in [the tadd@ bel ow] The skt settlle tubek63

wer e.0pr epareld with 148% zi r coni um obdidde (Zr @2) i nst.2hd

of $n&. The fresultg4ere listed in t40e foll owi ng 7.61

tabl'es. Tabl'e 5a. Formulation Data Table 5b. Viscosity,
SSR and SVR Data The SSR results in Table 5b
denonstrate a mninmally acceptabl e reading for
"soft-settle"” properties of the anmbient tenperature
slurry when the % al um num sul fate

Table 5b. Viscosity, SSR and SVR Data

% Solid Viscosity at 25°C (cP) | Ambient SSR & SVR | 50°C SSR & SVR
AL(SOq4)s
Carrier | Slurry with Day 1 Week 1 Day 1 Week 1
18% ZrO, SSR SSR SSR SSR
0.25 6 63 0 1.3 0 1.6
0.50 8 73 0 - 1.5 0 1.16
0.75 10 86 0 0.76 0 0.53
1.01 9 87 0 1.1 0 0.14
1.29 16 185 0 0.73 0 0

The SSR results in Table 5b demonstrate a minimally acceptable reading for
“soft-settle” properties of the ambient temperature slurry when the % aluminum sulfate
content is > 0.75%. At 50°C, the SSR indicates a stable “soft-settle” slurry after one

week when the % aluminum sukfate content is something > 0.50%.
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content is > 0.75% At 500C, the SSR indicates a
stable "soft-settle" slurry after one week when the %
woabebnsssn sukfate content is sonmething > 0. 50%cEEANSD05256

6 This exanple explores whether a netal hydroxide
base, such a KOH can be used instead of the non-netal
base TMAH used in the other exanples. The carrier was
prepared by first naking a 0.1M sol ution of alum num
sulfate then adding this solution to deionized water
'so that the concentration of the 0.1M alum num sul fate
in the solution was 10%wm. Thi s sol ution was
then neutralized with 0. until the pH of the

Thiy O'aﬁ}ta'ﬁo%a’ qfasowagﬁ?&aT'?'§ta£*§f@i{”8§% Bisg, $iefth Ko Bad BEpsed instead
d b
of i prDgne L TMAH e o bs DYoL P, Jhe syt pas frepared by

storage. Tabl e 6a._ Fornul at| on Dat a Tabl e 6b.. SSR. and
firsianakinge 8 d¥hplution ofalumisnm wifris theneadding thisselition g deipized
pH does in fact need to be greater than 4. A 0.1 M
watercpodhal she¢onnéntxatios of tlmoelM@gmiemrsyHatatireﬂprlp@ wagd 8% by
prepared and added to DI water. The concentration of
weifgite ThislsoMtiah was them reutralided veiti @1 MatOHuntihthe pdhof the solution
was 10% by wei ght of the AL(SO4) 16H20. The final pH

wasVBiG5. afietbsults aRlistebintithd Sllowhgstabler & ip bpadere By aliisl example that
noni tored as explained in the previous exanples. The

methBdkdEdeBaled Wil HdudR alvesy §iablk Qhddds abrasive suspension even after

4 weeks of storage.

Table 6a. Formulation Data

% Solid g Deionized g 0.1M AL(SOy); | g0.1 M KOH pH
AL(SO04)s Water
0.60 90.01 10.00 50.90 8.05
Table 6b. SSR and SVR Data
Ambient Soft Settle & SVR . 50°C Soft Settle & SVR
Day 1 Week 4 Day 1 Week 4
SVR SSR SVR SSR SVR SSR SVR SSR
26 0 17 0 21 0 20 0
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table. The results of this final |isted exanple
denonstrate that at both anbient and 500C, the SSR
wovadougsssghow a "soft-settled” stable slurry spepaiR3008/005256
even after 4 weeks when the pHis as low as 4.0. Table
SSR and SVR DataWwat |Is Clainmed Is 1. A nethod for the
suspensi on of colloidal or non-coll oidal abrasive
particles in an agueous or sem aqueous carrier mnmedi um
whi ch conprises producing a stable precipitate or
suspendi ng particles so as to establish a particle to

particle interfer enc(’eoﬁga&@i% h‘:ixggn gf the abrasive
particles in an aqu ai ni.ng about 0.1
.o 70% Db i gh f the abrasive inor i,C /

i Sradiple s e Pip i BaBeh TS oL ) A0 M pausous
suspendi ng particles ich differ fromsai asj ve
alurgium liaie hexpresphydzai %P%P VRopFEpaEd @'?rgo%@'eg 6%@? ?’P*eﬁ'gThe

of netal oxides, netal hydroxides, and netal ox@pe )
conpgniratior of tha &1 Malwminu tecrodntionde Hys eagtier wagel 0% by weight
solid emul sion or gel ati nous suspension in said
of tha Ai(SOx); mk6HyOn Fhe fingd HHoWasahout 4.4Sef settle tubes Whke prenanestand
of claim1l wherein said aqueous carrier nedi um

moRitsTRd asSexplaindddn I¥Sreviyusexagiplesnwdthe resuBs arehistedan thedoldéwing
claim1l wherein said suspending particles as forned in

table NG ha ees8RSE tHRAindMidted example dehdnstraterthdt at béth afibidneaisd 50°C,
than the aqueous carrier medi um

the SSR values show a “soft-settled” stable slurry suspension even after 4 weeks when

the pH is as low as 4.0.

Table SSR and SVR Data
Ambient Soft Settle & SVR 50°C Soft Settle & SVR
. Day 1 Week 4 Day 1 Week 4
SVR SSR SVR SSR SVR SSR SVR SSR
14 0.21 11 0.69 11 0.66 11 0.65
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4. The method of claim 1l wherein said aqueous carrier
medi um contains at |east one inert polar solvent. 5.

wobb®/medshod of claim4 wherein said pol ar sol pvemtusk@s/ 005256
sel ected fromthe group consisting of dialkyl ene
gl ycol, al kyl ene glycol, glycol ether, polyalkyl ene
gl ycol, al kyl lactone, N-nethyl pyrrolidone, alkylene
carbonates, acetonitrile, and dinethyl acetam de. 6.
The met hod of claim1l wherein said suspendi ng
particles, sols, gels, gelatinous precipitates or

[ i on suspensions are netal or transition
Whitls Cla ff;sides formed in situ.7. The nethod of claim
wher ei ai d suspendi n rticles ar rom.
1 08 38 e BHRRE S O RSP B n

oxy hydroxi de, zinc hydroxide, ferric hydroxid ..

aquERHS 9 ARREAFEN ST meditrm S SOTRRiES AOeige @ ahle precipitate
are formed in situ by treating the correspondi ng net%l

or syspending paticigstsg) asda eptablishra parBels 1o tnagiFle, mierfergnce 1 gettling of
met hod of claim 1l wherein said abrasive particles are

the glrhsive pattitles in athaqugees garderreontaining abdut @; lateoidde by weighs af the
carbide, silicon, zirconiumoxide, silica, cerium

abrasivied morganicoand/ar wieckmic apamiclesiwitxiableyt 9ill ta Q0% ibyr weeght of
and tungsten carbide. 9. The nethod of claim1

suspendingPaftitles WHICh @sf@ Trdn Rhili dbedsivelfhrtides agleroyslected from the
sem aqueous abrasive slurry conposition for use in

ol RS SRR 218 S 40 RS 6
suspended precipitate, gel, sol, solid emulsion or gelatinous suspension in said carrier
medium at a pH of about 4 to 12.

2. The method of claim 1 wherein said aqueous carrier medium comprises 5 to 100% by
weight water.

3. The method of claim 1 wherein said suspending particles as formed in the aqueous
medium have a density similar to or less than the aqueous carrier medium.

4. The method of claim 1 wherein said aqueous carrier medium contains at least one
inert polar solvent.

5. The method of claim 4 wherein said polar solvent is selected from the group
consisting of dialkylene glycol, alkylene glycol, glycol ether, polyalkylene glycol, alkyl
lactone, N-methyl pyrrolidone, alkylene carbonates, acetonitrile, and dimethyl acetamide.
6. The method of claim .1 wherein said suspending particles, sols, gels, gelatinous

precipitates or solid emulsion suspensions are metal or transition metal hydroxides

formed in situ.
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chem cal, mechanical planarization, and netal | apping,
grinding and finishing applications which conprise: A
woAbeuiz16361 to 70% by wei ght of abrasive i nor gaoiras2008/005256

and/or ceramc particles; B. About 0.1 to 20% by

wei ght of said suspending particles which differ from
sai d abrasive particles and are selected fromthe

group consisting of metal oxides, netal hydroxides,

and netal oxide hydrates that are formed in situ with
the carrier medium and form suspended precipitates,

7. ﬁﬁéeﬁlethﬁg lof claffl éd Whéldih said PRyl ks §H€&§d %ﬁl t'h@ group

carrier umat a pH of about 4 to 12

conglrs]ttn?gn %P %?{Yn? uh® hg}é)gﬁ? gl'ixmuﬁﬂﬁi (Ry flﬂﬁo{ﬁ&ahﬂg q{ydﬁﬁh&g ferric

ert pol ar

hydroxide, manganese hydroxide, and magnesium hydroxide, which are formed in situ by
treating the corresponding metal sulfate or metal salt with a Bronstead base.

8. The method of claim 1 wherein said abrasive particles are selected from the group
consisting of diamond, silicon carbide, silicon, zirconium oxide, silica, cerium oxide,
boron carbide, aluminum oxide, silicon nitride, and tungsten carbide.

9. The method of claim 1 including a corrosion inhibitor.

10. An aqueous or semi aqueous abrasive slurry composition for use in wafer or
ceramics lapping, wire saw cutting, chemical, mechanical polishing applications,
chemical, mechanical planarization, and metal lapping, grinding and finishing
applications which comprise:

A. About 0.1 to 70% by weight of abrasive inorganic and/or ceramic particles;

B. About 0.1 to 20% by weight of said suspending particles which differ from
said abrasive particles and are selected from the group consisting of metal oxides, metal
hydroxides, and metal oxide hydrates that are formed in situ with the carrier medium and
form suspended precipitates, gels, sols, colloidal or non-colloidal suspensions in the
carrier medium at a pH of about 4 to 12,

C. About 5 to 100% by weight water, and

D. the remainder being an inert polar solvent.
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