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Typi cal manufacturing processes for nmenory hard disk 5 nedia involve
plating a disk substrate with a layer of nickel and polishing 4R@CHi2tlel
surface to obtain a snooth, flat surface that is suitable for application
of a layer pfogmepmeti c storage nedia. The conputer industry's
.requirements for increased storage capacity on 10 hard disk drives has
necessitated a substantial increase in areal density (data storage
capacity per unit surface area) on the ?i§k nmedi a. This demand for higher
areal densities has required manufacturing i nprovenents of rigid hard

di sks, including enhanced plating uniformty, 15 reduced surface roughness
after polishing, inproved flatne=sLEBHING\GIESESY reduction of defects such
as pits and scratches, and enhanced texturing characteristics. The disks'
polishing process is an inportant factor that influences many of these new
requi renments. 20 Slgn|f|cangAtggﬁgﬁgﬁeaksTH@ &ﬂgqu&bﬁhlng process of

ni ckel - pl ated hard di sks haveoccurred—Tnmrecent—years. | nprovenents have
been nade i n the Bgpipakntansfactoripgl psbceébeedi &5, membnynhgrﬁodlbktter
control pos polis dIS fl atnesa}égn ncenments in surface in pectlon
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surface def egf skl %@Lﬁ&ylmﬂﬁgeeﬁ@bhgckéycgurﬁcel ts aﬁéa%ratches Thi s
t echnol ogy has | ed

smooth, flat surface that is suitable for application of

a layer of magnetic storage media. The computer
industry’s requirements for increased storage capacity on

10 hard disk drives has necessitated a substantial increase
in areal density (data storage capacity per unit surface
area) on the disk media. This demand for higher areal
densities has required manufacturing improvements of
rigid hard disks, including enhanced plating uniformity,

15 reduced surface roughness after polishing, improved
flatness and waviness, reduction of defects such as pits
and scratches, and enhanced texturing characteristics.
The disks’ polishing process is an important factor that
influences many of these new reguirements.

20 Significant improvements in the polishing process of
nickel-plated hard disks have occﬁrred in recent years.
Improvements have been made in the equipment used to
polish the disks, allowing for better control of post-
polish disk flatness. Enhancements in surface inspection

25 methodology have allowed disk manufacturers to inspect
for small surface defects previocusly undetectable, such
as pits and scratches. This technology has led to
optimization of polishing parameters to reduce defects.

Other advances in the area of consumables include: pads,



optim zation of polishing paraneters to reduce defects. Qher advances in

the area of consunabl es include: pads, 280CT2003 D-20, 709 - 2 abrasive

~slurry, and cleaning chem cals. Denand for additional inprovigqﬂﬁﬁ@mP di sk

‘qual ity have placed an enphasis on precision and consi stency*®of

consumnabl e ﬁ§%$r28%s. 5 Advancenents made in the manufacturing of abrasive
reres i

pol i shing sl n the md 1990's enabl ed disk manufacturers to apply
‘two polishing steps in their processes. The first step enploys a coarse
abrasive slurry (nomnal 0.3 - 0.8 mcron dianeter) to achieve 10 good

pl anari zation and fast stock renoval. Thé second step enploys a smaller
abrasive (nomnal 0.2 - 0.3 mcron dianeter) that yields a very snmooth (Ra

ess than 6 SraSubiagputill sl tlesh iy CcRln 10a T e Chanadiechyio- st ep
pol i shing concept has becone the normitor nosSt disk 15 ranufacturers. As
pol i shi ng t estitibt bgyahasmevolrseent severadlski gkal hapuhace upesSefaye
experienced a severe problemwth nopdern polishing machi nes, especially in
the first st&PPRaphfi CRtIPHRCIFGh FPHCEPRRLIFRCRGE bl FRAI Agnseneble
i nvol ving polypseihage polishing pads, fiberglass disk carriers and the
ni ckel -pl ated disks can result in a vibrating machine. This vibration
results i5n a | oudAdséncémship exdat it helhe coata faesut ingughosabraheveol i sh
cycle. The problemcan be sp severe that ;th | sk
y ppofisﬂ1ng sPurrfes yn the m{d 1SQng enabled disk
manufacturers to apply two polishing steps in their
processes. The first step employs a coarse abrasive
slurry (nominal 0.3 - 0.8 micron diameter} to achieve
10 good planarization and fast stock removal. The second
step employs a smaller abrasive {(nominal 0.2 - 0.3 micron
diameter) that yields a very smooth (Ra less than 6 A)
surface finish with little or no defects. The two-step
polishing concept has become the norm for most disk
15 manufacturers.

As polishing technology has evolved, several disk
manufacturers have experienced a severe problem with
modern polishing machines, especially in the first step
application. High friction in the polishing zone

20 involving polyurethane polishing pads, fiberglass disk
carriers and the nickel-plated disks can result in a
vibrating machine. This vibration results in a loud
stick-slip event that continues throughout the polish
cycle. The problem can be so severe that the disk

25 carriers are damaged at the gear teeth, and chips of
fiberglass debris contaminate the polishing zone.
Scratching of the disks results from the fiberglass
debris. 1In an effort to reduce the fendency to cause

scratching, some manufacturers have modified their



25 carriers are danaged at the gear teeth, and chips of fiberog}ggEideris
contam nate the polishing zone. Scratching of the disks results fromthe
fiberglass debris. In an effort to reduce the tendency to cause
“scratching, sone manufacturers have nodified their 26.0CT2003 D20, 709 - 3

pol i shi ng pﬁ%%ﬂFtﬁ#f’ such as reducing applied pressure. Generally these
nodi ficatio S I n reduced productivity. Furthernore, the resulting
cost of frequently replacing fiberglass carriers is very high. 5 Vibration
of this nature is problematic in polishing hard disks for several reasons:
1) it causes an unpleasant |oud noise making it difficult for technicians
to work around; 2) it leads to rapid degradation of the fiberglass disk

carriers that_ q.s.,cqstly. | a d 104 8, SEVET 1 &4 i 8gshfet he di sk
carriers br }&llasphalgf& ﬁarat%eeﬂ%resg’r rgtde('gr?h %ocaétl)l'l1 onsf&\ %ﬁlft cgi}"r;:f r e%]LtlJi ?e t he
manuf act ur ercdrie r=e0Ue et Hdee appli Bt amicin neresebisuie tediwcedauses | ow
renoval rate of the njckel and |lower productivity, and 5 %t can lead to
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unpleasant loud noise making it difficult for technicians
to work around; 2) it leads to rapid degradation of the
fiberglass disk carriers that is costly; 3} it can lead
10 to severe scratching if the disk carriers break apart at
the gear teeth locations; 4) it can require the
manufacturer to reduce the applied machine pressure that
causes low removal rate of the nickel and lower
productivity; and 5) it can lead to non-uniform surface
15 features on the polished disk.
In general, slurry manufacturers have modified
slurry performance with several additives. For example,
H. Thrower, Jr., in U.S. Pat. No. 4,038,048, discloses a
lapping gel for sharpening cutting edges of lawnmowers.
20 A carboxy vinyl polymer holds the gel’s grinding grit in
suspension. In addition, R. Schwen, in U.S. Pat. No.
4,544,377, discloses a grinding, lapping and polishing
compound. This polishing compound relies upon 15 to 85
weight percent polymeric glycol of ethylene oxide,
25 propylene oxide or butylene oxide cr their monc-ethers as
its base compound. These polymers have a molecular
weight between 500 and 25, 000.

In addition, slurry manufactures have altered

suspensions with additional additives to improve



4,544,377, discloses a grinding, |apping and polishing conmpound. This
pol i shing conmpound relies upon 15 to 85 weight percent poly ' loyz0l  Of
Rt R

. ethyl ene oxide, 25 propyl ene oxide or butyl ene oxide or thei ers
"as its base conmpound. These pol yners have a nol ecul ar wei ght between 500
and 25, 000. 5{H§1 'éion, slurry manufactures have altered suspensions with
additional addrtives to inprove 2 & 0 C T 2003 D20, 709 - 4 polishing
rates. For exanple, Ckajima et al., in US. Pat. No. 4,956,015, disclose a
pol i shing conmposition that contains water, a-alum na and boehmte. The
boehnite affects the water-based di speréion and i nproves grinding 5
properties. Furthernore, Yanmada et al., in U S Pat. No. 5,366,542,

di scl ose a Hﬁ£}§§hpggcpgpg§lt|g@rcg@5ﬁ§p@pggkg§gﬁg,eﬁjgn]pai@n@_g,chelatlng
agent. The chelating”™ agent alters the alum na dispersion to inprove
pol i shing peztor¥ancé. 936, The, ndbscospenn petishbng towevettier oatul ose
t hi ckeners and surfactants. Cel] ul ose-based thickeners result

i ncrease in @%@t%i%frV?V?%cd%T%%?miQ%l?%@o%%@%%%%%'thT%%é%%? _%é% ?Rprove
excessi v arbUREE ol Chh SRErere T8 BTy ant Iy ar P Ve URRTSY, on,
And these t hpekpeetsesan Fortharmonedetamadid eebual dupinfUss urPgti nNohe
pores of the, ROk, 885 N94PadPss S S 851 PO { ALemBoS1 £ £8L' E0hEa B

water, alumina and a chelating agent. The chelating

agent alters the alumina dispersion to improve polishing

performance.

10 The most common additions however are cellulose
thickeners and surfactants. Cellulose-based thickeners
result in an increase in the slurry viscosity.
Cellulose-based thickeners can improve lubricity of a
polishing slurry. These slurries however require

15 excessive amounts of thickeners to significantly affect
disk vibration. And these thickeners can form an
undesirable buildup of slurry in the pores of the
polishing pads. Surfactants (anionic, cationic and
nonionic) also increase lubricity. These additions

20 however, can lead to excessive foaming of the slurry in
the distribution system. Since this foaming can reduce
removal rate, it is undesirable. In some cases, disk
manufacturers have sought to reduce vibration by simply
reducing machine pressure in the polishing zone.

25 It is an object of the invention to reduce polishing
machine vibration for eliminating loud noises associated
with these machines.

It is a further object of the invention to increase

the life of fiberglass carriers.



noni onic) also increase lubricity. These additions 20 however, can lead to
excessive foamng of the slurry in the distribution system Since this
.foam ng can reduce renoval rate, it is undesirable. In some cased,8 @603
“manuf acturers have sought to reduce vibration by sinply reducing machine
pressure in the polishing zone. 25 It is an object of the invention to
reduce polié%i %achi ne vibration for elimnating | oud noi ses associ at ed
‘with these machines. It is a further object of the invention to increase
the life of fiberglass carriers. 2 B. oCT 2003 D-20, 709 - 51t is a
further object of the invention to reduck -contam nation in the polishing
zone. It is a further object of the invention to reduce the buil dup of
slurry and debris.jn the b It is a further object of thig. invention
Copoliah win rone rabehed o sdheh et et ut e tnni agtr deke CSummRy
OF THE | NVENU ¥ riites t ivrentn oth syl desieg nxtare for polishing 10
surfaces. The m xture includes polishing particles having an average size
of less than 10 ritarkf viatlerrther ebirrch el udes Imverkebder e oredeee

chem cally | r ch for Lhg vibration of

pol i shi ng rarcta% ?Arﬂlielrsﬁj‘%a %egm%‘?o‘?}%%é%ga”goﬁ%ﬁﬁggs| urry to polish
obj ects. 5The pol iBhiiyg sl furyhenadiuiest vak ethipolnsdmhdon to polish

with higher pressures to achieve faster polishing rates.

SUMMARY OF THE INVENTION

The invention provides a mixture for polishing

10 surfaces. The mixture includes polishing particles

having an average size of less than 10 um and water. It
also includes an accelerator for chemically attacking a
surface and a starch for reducing vibration of polishing
machines.

15 The method provides a polishing slurry to pelish
objects. The polishing slurry includes water, polishing
particles, an accelerator to chemically remove a surface,
and a starch dissolved into the water. Introducing the
polishing slurry between a polishing pad and the surface

20 prepares the slurry for polishing. Applying pressure
between the polishing pad and the surface provides the
necessary force to remove material from the objects’
surface. Finally, rotating the polishing pad polishes
the surface with the starch reducing vibration between

25 the polishing pad and the surface.

DESCRIPTION OF PREFERRED EMBODIMENT

The present invention, involving addition of a

starch to an abrasive slurry, prevents machine vibration,



particles, an accelerator to chemcally renove a surface, and a starch
di ssolved into the water. Introducing the polishing slurry betwee
. polishing pad and the surface 20 prepares the slurry for pollshlng230C72W3
" Appl yi ng pressure between the polishing pad and the surface provides the
necessary f qﬁ1.ﬂ% 4 emove material fromthe objects' surface. Finally,

pol’i 'shi

rotating the ng pad polishes the surface with the starch reducing
vi bration between 25 the polishing pad and the surface. DESCRI PTI ON OF
PREFERRED EMBCDI MENT The present invention, involving addition of a starch
to an abrasive slurry, prevents nmachine Qibration, 28 OCT 2003 D-20, 709 -
6 even after application of excessive pressures by a polishing nmachine.

This starch dags Detef Oﬁiéﬁpicéﬁéﬂa@f Andesd 1 @b er ik hip 19f Slurry or
|

debris. In fact, the tive helps to prevent slurr% buil dup in pads. 5
Fur t her nor e,pa hiestsing crecloize notTmmt'cﬁﬁ@‘e Vbt Feaesr Btk ch

prevents machi e Vi on. anc ases acceptabl e | i h| g ssures
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processes for inproving the uniformty of thickness fromone side to the

ot her. TRi s Fesheenore, coneoflsrelefdreedalo GFPEPHESE oF 8121 hi ckness" or
"AB Delta’ . il thepdesi gf%ﬁclgﬁe‘té‘%ﬂr% dr?aé 1 e vlﬁia’&ﬂ%'ﬁd t hat

pol i shing renoved an equa ayer ronleac
increases acceptable polishing pressures that facilitate

higher removal rates. Furthermore, it operates with a
wider range of pressures that allow manufacturers to
10 cptimize their processes for improving the uniformity of
thickness from one side to the other. This feature is
commonly referred to as “side to side thickness” or “AB
Delta” - if the desired side-to-side is 0.0, it implies
that polishing removed an equal thickness layer from each
15 side of the disk. When the polishing process is adjusted
inaccurately, then the side-to-side will be well above
zero. This results in a residual stress gradient in the
disk that leads to poor flatness.
In particular, the addition of a starch unexpectedly
20 reduces polishing vibration. Advantageously, the starch
ranges from about 0.1 to 40 wt%$. Unless specifically
expressed otherwise, this specification refers to point-
of-use compositions in weight percent. Most
advantageously, the slurry contains about 0.25 to 20 wt%
25 rice starch. Advantageously, the starch is selected from
the group consisting of barley, corn, potato, rice, sago,
tapioca, wheat and yucca. Most advantagecusly, this
starch dissolves completely in water before its addition

to the slurry. Although effective at reducing



15 side of the disk. When the polishing process is adjusted inaccurately,
then the side-to-side will be well above zero. This results in '&Fal
-stress gradient in the disk that |eads to poor flatness. In paZ@ﬂﬁﬁ?@ )
the addition of a starch unexpectedly 20 reduces polishing vibration.
Advantageou?J@Ot starch ranges fromabout 0.1 to 40 wt% Unl ess

‘speci ficall eXpressed otherwi se, this specification refers to point-

of -use conpositions in weight percent. Mst advantageously, the slurry
contains about 0.25 to 20 mt % 25 rice starch. Advantageously, the starch is
sel ected from the group consisting of“bartey, corn, potato, rice, sago,
tapi oca, wheat and yucca. Most advantageously, this starch dissol ves

conpl etely iy padiaraliel oF o5 aeddidd Ot o tord Fen shak ry. 1 ALdpough effective
at reducing 2 B. 0 012003 D-20,7 09 7 undesirable vibration, potato starch

has a | ower scslothublidtiy yin rwategerthdranr r¢eestsarelch. Advant ageously, the
polishing particles are selected  fromith roup consj sting of t al
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consists of an abrasive component of polishing particles
dispersed in water. Advantageously, the polishing
particles have a concentration of about 3 - 80 wt%. Most

10 advantageously, the slurry contains about 3 - 20 wt%
polishing particles. These particles have an average
size of less than about 10 ym. Most advantageously,
these particles have an average size of less than about 5
pra.  Aluminum oxide or alumina particles are particularly

15 effective. Particle size of the aluminum oxide most
advantageously ranges from 0.1 to 3.0 micron mean
diameter, as measured by light scattering, preferably 0.2
to 1.0 microns. The aluminum oxide material has a
surface area ranging from 4 to 50 m?/g, preferably 8 to

20 15 m%/g, and is predominantly in the form of its alpha
crystal structure. A range of about 4 to 50 wt% is
advantageous for alumina particles.

The slurry also contains an accelerator such as a
chemical oxidizer to attack the surface and to enhance

25 the polishing removal rate. Advantageously, the
accelerator is selected from the group consisting of
acetic acid, citric acid, hydrochloric acid, hydrofluoric
acid, nitric acid, sulfuric acid, metal nitrates and

metal sulfates. Typical chemical accelerators include



size of |less than about 10 }gym Most advantageously, these particles have
an average size of less than about 5 pm Al um num oxi de or aluqtﬁﬁ
particles are particularly 15 effective. Particle size of the al ORT12003
oxi de nost advantageously ranges fromO0.1 to 3.0 mcron nean dianeter, as
measur ed by 6j t-ggattering, preferably 0.2 to 1.0 mcrons. The alum num
oxide material“has a surface area ranging from4 to 50 nR/g, preferably 8
to 20 15 nk/g, and is predomnantly in the formof its al pha crystal
structure. A range of about 4 to 50 wt% i s advantageous for alum na
particles. The slurry al so contains an"afcélerator such as a chenical
oxi di zer to attack the surface and to enhance 25 the polishing renoval

rate. AdvantapeRishy, nibeatesehetpt @ratsdseheckel fitortée magupstansi sting
of acetic acid, citric acid, hydrochloric acid, hydrofluoric acid, nitric
f

h
acid, sulfurnttoete; nBRapdditianesf apovtet afoshPfut2s2dTHRERAPOLALY cal
accel erators jnclude,. 2 C 7 - | umi.ou i ,
nitric acid,cm?%k%?f%Yt?ggagkﬁaéﬁgggﬂﬁig%?fra %?uﬁﬁcg%g?%?oﬁyg¥&ég%gt lto
50 W % advangapeeds! ¥hecbentreql by ahéapksnthefsuséate. a Minlbhacour ers
typically diluted the slurry at the point-of-use to a dilution 5 ratio of
three pabts watte ¢6 bhEepaPerEFurRyerbyC 9BBURRTE EIWEFYsdPYds content at

Lhe point-of upg,gpst. radyantageaustynt 8RECHLPERYED: Arapd-10% Ryswel ght,

dependi ng on Thé application. _
advantageously ranges between 4 and 10% by weight,

depending on the application.
The optional addition of up to about 15% viscosity

10 modifiers or thickeners, such as cellulose polymers,

xanthan gum, carbohydrate polymers, or up to about 15%

surfactants, such as ionic, anionic and catiocnic, or

nonionic surfactants can increase the lubricity of a

polishing slurry. The following experimental data show
15 that starch provides an acceptable solution to disk

vibration.

Example 1
The addition of starch allows one to increase the

20 applied machine pressure without experiencing vibration.



The optional addition of up to about 15%viscosity 10 nodifiers or

t hi ckeners, such as cellul ose polyners, xanthan gum carbohydrate

polymers, or up to about 15% surfactants, such as ionic, anionic and

cationic, or nonionic surfactants can increase the |ubricity? &0Ch?2003

pol i shi ng slqggy.(gge foll owi ng experinental data show 15 that starch
bt

provi des an |l e solution to disk vibration. Exanple 1 The addition
of starch allows one to increase the 20 applied nachine pressure w thout
experiencing vibration. 2 B. 0 CT 1003 D-20, 709 - 9 Table 1 Point-of-Use
Maxi mum Maxi mum Rice Starch Pressure*PPessure* (Wt % (lbs./in2 disk
area) (kPa disk area) 510 0 0.9 6.2 0.25 0.9 6.2 1.25 2.0 13.8 2.5 3.1
21.4 * Maxi mum pressure applied to t i shing zone before vibration
event occurred. Abrasive slurry usedhﬁag? fxair 0.6 mcron al um num

oxi de. Pol i shemtusettiigs a SpeedfamimdBawi t h Rodel 750 1¥spiafism The slurries

tested in BExd exalrdlp 4 contaimesksure* Pressure*
(Wt %) (l1bs./in? disk area) (kPa disk area}
5
0 0.9 6.2
0.25 0.9 6.2
1.25 2.0 13.8
2.5 3.1 21.4
10

* Maximum pressure applied to the polishing zone
before vibration event occurred. |
Abrasive slurry used was Praxair 0.6 micron aluminum
oXide. Polisher used was a Speedfam 9B with Rodel 750
15 pads. The slurries tested in Examples 1 to 4 contained
7% alumina, 0.05% aluminum sulfate, 3% aluminum nitrate,
various amounts of rice starch, 0.03% thickener
(cellulose), 0.001% organic salt of polycarboxylic acid
(defoamer) and balance water. Advantageously, the disk
20 applies a polishing pressure of at least 10 kPa without
experiencing excessive vibration. Most advantageously,
it applies at least 15 kPa without experiencing the

excessive vibration.

25 Example 2

An addition of carbohydrate polymer results in a

reduction of surface roughness (Ra)



7% al um na,
of rice starch, 0.03%thickener (cellulose), 0.001%organic s

. pol ycar boxyl

0. 05% al ym num sul fate, 3% alum numnitrate, various armunt S

ic acid (defoaner) and bal ance water. Advant ageouZIB*)D ClBB di sk

20 applies a polishing pressure of at |east 10 kPa wi thout experiencing

excessive vi

BUAS i Py Most advantageously, it applies at |east 15 kPa

W t hout experlenC|ng the excessive vibration. 25 Exanple 2 An addition of
car bohydrate polyner results in a reductlon of surface roughness (Ra) 2

8.0 CT 2003

16.1 2.5 15.3 10 Roughness was neasure

D20, 709 Point-of - Use g- tarch (vt %9 (A) 50 17.6 1.25
sing Veeco TMS 2000 | aser

scattering device. Measurenents were taken after the fifth polishing cycle

on new Rode

Politex 750 pads (three breaklar 2uns were perforned).

Abrasive slurry used was Praxair 0.6 15 m cron al um num oxi de. Poli sher

used was a

10

15

20

25

30

anf IBse20 25 Exanple 3

Rice Starch (wt %) Average Roughness, Ra
(&)
0 17.6
1.25 16.1
2.5 15.3

Roughness was measured using Veeco TMS 2000 laser
scattering device.

Measurements were taken after the fifth polishing
cycle on new Rodel Politex 750 pads (three break-in runs
were performed). Abrasive slurry used was Praxair 0.6

micron aluminum oxide. Polisher used was a Speedfam 9B.

Example 3
Addition of starch in amounts of 1.25% or less does

not cause a reduction in removal rate.

Table 3
Point-o0f-Use
Rice Starch Removal Rate Removal Rate
(wt %) (pin/min} (um/min)
0 i8.4 0.47
1.25 18.2 0.46
2.5 15.0 0.38

This slurry readily removes metals, such as nickel,
at a rate of at least 0.3 um/min. Most advantageously,

it removes metal at a rate of at least 0.4 pm/min.



Addition of starch in amounts of 1.25%or |ess does not cause a reduction
in renoval rate. - 10 - Table 2 Average Roughness, Ra Table 3 ap%@E QQBLBe
Rice Starch Renoval Rate Renoval Rate (wt % (pin/mn) (pnlnn) g 0. 47
1.25 18.2 0.46 2.5 15.0 0.38 30 This slurry readily renoves netals, such
as ni ckel, at, A R e of at least 0.3 pmm n. Mst advantageously, it
removes netal “at’ @ rate of at least 0.4 p.mnmin. 28 OCT 2003 D-20, 709 - 11
Exanpl e 4 Addition of carbohydrate polynmer results in reduction in slurry
bui | dup of the polishing pads. Typical _Quildup requires pad cl eaning every
three to five 5 cycles. TABLE 4 Poi nf-dfl- Ose Rice Starch(wt % Pad
Bui | dup Characteristics 10 O Substantial Pad Buildup after 5 cycles

(concentric ringsQfmpid Wry)
Addition of carbohydrate polymer results in
reduction in slurry buildup of the polishing pads.
Typical buildup requires pad cleaning every three to five

5 c¢ycles.

TABLE 4
Point-of-Use
Rice Starch(wt %) Pad Buildup Characteristics
10 0 Substantial Pad Buildup after 5
cycles (concentric rings of
slurry)
1.25 Slight Buildup in pads after 10
15 cycles .. none after 5 cycles
2.5 Slight Buildup in pads after 10

cycles .. none after 5 cycles

20 Abrasive slurry used was Praxair 0.6 micron aluminum
oxide. Polisher used was a Speedfam 9B. Pads were Rodel
750. The nominal composition for most advantageous
polishing contains, by weight percent, 7 alumina, 0.05
aluminum sulfate, 3 aluminum nitrate, 1.4 rice starch,

25 0.03 thickener for a 1.5 to 2 ¢cP viscosity, 0.001
defoamer (salt of polycarboxylic acid) and balance water.

The starch additive provides several advantages.
First, the invention eliminates pad sticking and reduces
machine vibration. This eliminates loud noise in the

30 working area of these machines. Second, it increases the
life of polishing carriers. For example, fiberglass
carriers can operate for numerous polishing runs by

eliminating the stick-slip friction with conventional



1.25 Slight Buildup in pads after 10 15 cycles ... none after 5 cycles 2.5
Slight Buildup in pads after 10 cycles ... none after 5 cyclegéﬁﬁggﬂm§5|ve
slurry used was Praxair 0.6 mcron alum num oxide. Polisher

Speedf am 9B. Pads were Rodel 750. The nom nal conposition for nost

advant ageou @Oﬁb hi ng contai ns, by weight percent, 7 alumna, 0.05

al um num sul ate 3 alunlnun1n|trate 1.4 rice starch, 25 0.03 thickener
for a 1.5 to 2 cP viscosity, 0.001 defoaner (salt of polycarboxylic acid)
and bal ance water. The starch additive provides several advantages.

First, the invention elimnates pad sticking and reduces machine
vibration. This elimnates |loud noise in the 30 working area .of these

machi nes. Sespmelriéd. i NCheaggsithprevehesotapelieshivagrecasr redaceFor

exanpl e, fiberglass carriers can operate for nunerous ollshln runs by

el imnating %%@a§@$ékgsﬁpﬁ Fpi eedBReWrPRLEBADAREPBNAR ? B epéisge

D-20, 709 - lurgl&sep Thipdy ol4h -pLeyYRAt | Eﬁﬁﬁp “@%Erkgnéﬁﬂuce

scrat chi ng andnéo reduce tontam Ration i n the pofi |ng Fourth, it
reduces the @dbtﬂupsmthsharnycaad idebhespsadeh aThmsckeﬁucasthbepads Thi s

reduces the 5 frequenc ad_cleaning. _Finally, it fac lLitates the use
of highe% pr%%%ﬁ?%%CYhéF Padd<t§apatfer Pﬁihyngltrgﬁéé 1RPERSUGRSt he

invention hagsbegs H@éﬁékbﬁgesgugagathat lead to faster polishing
rates.
Although the invention has been described in detail
with reference to a certain particularly preferred
10 embodiment, those skilled in the art will recognize that
there are other embodiments of the invention within the

spirit and the scope of the claims.



with reference to a certain particularly preferred 10 enbodi nent, those

skilled in the art will recognize that there are other enbodi rremz?o@g iﬂﬁﬁ
invention within the spirit and the scope of the clains. 2 8-0Cl =713

CLAI M5 What
wei ght percent,
particles having an average size of .l ess than about 10 ni

is claimis:

1. A mixture for polishing surfaces .conprising, by

about 3 to SO polishing particles, the polishing .

about 1 to 50

accelerator for chcmcally attacking i% surface, about OJ to 40 starch

and bal ance water and incidental irrf)u?
wherein the starch is selected
potato, rice,

Fties. 2. The mi xture of

to 20 wei ght percent

claim1l

fromthe group consisting of barley, corn,

sago, tapioca, wheat EEgI%;;cca 3. The mxture of claim1l
wherein the starch consists of abou .

starch. 4. The mixture of claim!|l

rice

wherein the polishing pnnicles

particles are sel ecked_f.ro .oup consisting of netal oxides, netal
nitrides, netal cams}f ‘%@?"9{1 L de
i

claim 1 wherein thel dmeEiyo

¥ ' m xture of
15’1&1} gl 0%« c%'n%ﬂ%ﬁgbﬁﬁ n@éﬁh : o
percent al uni na apercehe about shing®d Sb}f&)%ﬁéegﬂ%}é 10 5Q wei ght

ns?ize of | ess

thiui about 5 Jpghriches hROinE ¥hunerafe eﬂzaiuﬁl@smbmeiﬁhoﬁhégégﬁel erator is
sel ected from t he g5 QuUP S apsiceldididtforehtitcatlyl situddiing incsvatoice,

about 0.1 to 40 starch and balance water and incidental
impurities.

2. The mixwre of claim 1 wherein the starch 18 selected
from the group consisting of barley, corn, potato. rice, sago,
wpioca, wheat and yucca .

3. The mixture of claim 1 wherein the starch consists of
about 0.25 to 20 weight percent rice starch. _

4, The mixture of claim 1 wherein the polishing parncles

particles. are selected from the group consisting of metal

oxides, metal nitrides, metal carbides, metal borides and
diamond. )

5. The mixture of claim 1 wherein the polishing particles
consist of about 4 to 50 weight percent dumina and the
polishing particles have zn average size of Jess thay about 5
lm}S The mixture of claim 1 wherein the accclerstor is
selected from the group consistng of acetic acid. ciwic acid,
hydrochloric acid. hydrofluoric acid, nimic acid, sulfuric
acid, metal nitrates and metal sulfates,

7. A method of polishing comprising the steps of

(a) providing a polishing slurty, the polishing slurry

inclnding by weight percent, about 3 to 80 polishing
partcles. the polishing particles having an average
particle size of less than about 10 pm. about I to 50
accelerator 1o chemically remove a swface, and about
0.1 1 40 starch dissolved in a balance of water and
incidental impurities: :

(b) introducing the polishing slurry berween a polishing

pad and the surface;

(c) applying pressurc between the polishing pad and the

surface; and

(d) rotating the polishing pad to polish the surface with the

starch rcducing vibration between the polishing pad
and the surface.



hydrochl oric acid. hydrofluoric acid, nitric acid, sulfuric acid gﬁiﬁb
citrates and netal sulfates. 7. A method of polishing conprimlugzﬁ és
of (a) providing a polishing slurry, the polishing slurry including by

wei ght percent. about 3 to 80 polishing particles, the polishing particles
havi ng an average particle size of |less than about 10 m about | to 50
accelerator to chemcally renove a surface, and about 0.1 to 40 starch

di ssolved in a balance of water and. jpcidental inpurities; (b) iptroducing
the polishing slurry between a polishing pad and the 'surface; (c)
appl yi ng pressure between the polishing pad and the surface; and (d)
rotating the polishing pad to polish the surface. with the .starch reducing
vi bration betweengt ffhepglctlsdd 0§ chaich 7awlicrdin @@r*ﬁ%@e CORNSS  The et hod
of claim7 wheregj f {dhine pad rekedvesndcketatinatg t he pol i shing
pad renoves nicﬁ%ﬁmgpﬁg§8ﬁu€@ﬂg§%g% 'e5dt 0.3 mnin . 9. The nethod of

t
clai m 7 wher ei nOf & ‘&3¢ d”E@WP ins. nickel and khg the polishin
pad renoves nickeP. dhe methed ofﬁmg@ 7| Whetely ﬁ]er EW# (Eggﬂgu e rrgt hod of )
clai m 7 wher ei nnidielapd thHenmptatines ther polishipginag) 15inavey BIKE! 25 kPa bet ween
the polishing pad andfthgeafil 4 aea/nint hout excessive vibration between the
pol i shing pad andyt kg SHEARYGE claim 7 whercin the applying pressure

results in at least 10 kPa between the polishing pad :u}d !he

curface without excessive vibrarion berween the polishing

pad and the surfacc.



