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i nvention relates to data processing systenms. Mre particularly, the

present invention relates to the polishing of substrate materials for

magneti c nedi a. Background of the Invention The
EDVAC conputer systemof 1948 is cited by nmany as the beginning of the
conput er era. However, well before the i ntroduction of the world's first
stored program conputSubstrdte It@efeniene§ SHPSEPoTiShEHE PYBSesye! |  known
to early ts such as Herman gb%#erlth. In fact, M&Ehout the -
advent of nmss storage devices there n%ﬁ neveft¥ave been a

Field of the Invention

The present invention relates to data processing
systems. More particularly, the present invention relates to
the polishing of substrate materials for magnetic media.

Background of the Invention

The EDVAC computer system of 1948 is cited by many as
the beginning of the computer era. However, well before the
introduction of the world's first stored program computer,
the concept :0f mass storage was well known to early
, qﬁﬂﬂ!ga;-ts such as Herman Hollerith. In fact, without the

It is no surprise, then, that general advances
jstems are often closely related to advances in

L&day, one of the most popular forms of mass stoxrage
technology is the magnetic disk drive. The disks used in
these devices are typicaily constructed by coating a non
magnetic material, such as aluminum, with a magnetic
material, such as one of the cobalt alioys. Tﬂ;:surface of
the magnetic disk is then divided into tiny cells whiéh-are
magnetically encoded to represent one of the two states of a
binary digit (i.e., 1 or 0). The magnetic cells are encoded
Such that they collectively represent information that can be
used by a computer system.

Many of today's magnetic disk devices further include at
least one magneto resonance head which has a write element
and a read element. The write element is used to magnetize
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conputér era. It is no surprise, then, that general advances in conputer
systens are often closely related to advances in nmass storage technol ogy.
one of the nost popular forns of nmass storage technology is the nagnetic
di sk drive. The disks used in these devices are typically constructed by

coating a Northd™gBelsC (BI&! ] Abncode €fe AiHFoRMEAL W) yHBONCthe read
materi al, such as one of the cobalt,allo¥ﬁ. . The surface_of the magnetjc
di sk i s then NP i5HuFed 4 Letrdays theatR OREFREORCEFPY R SRRl C
represent onelidki heTheo hdarl(es) ois aathavhey ﬁogidn (arl.:ﬁatuﬁeomo)nuc?hethe
magnetic cell e_encode such t.hat they c ctive rLepresen
i nformation ﬁiaﬁé cHY b%g gggdnﬁ?cg’eco S et %‘?eﬁ#aye 18 aﬁgﬁﬁ%&fi R s
nmagneti c disquaﬂaxm-fuﬂnhékeiMMaunegnleIqﬁwtaonecaﬁgnpﬂayeesommwﬂyémmm
mngéggt Nas 2 Wild hAldBla E8fivanteflatl RUGALL1LN AW HRVICRMIY debibifdh ! ©
to be aerodynamic. This allows the head to literally "fly"
across the surface of the disk on a cushion of air without
.actually contacting the disk surface itself. The altitude at
which the head flies (i.e., the distance between the head and

the disk) is called the "fly-height."

For cost, space, and access speed reasons, the makers of
magnetic disk devices have always been looking for ways to
place more and more magnetic cells (i.e., information) on
smaller and smaller disks. However, this increase in density
hinders the ability of the head to discern one cell from
another. This problem was initially resolved by reducihg the
head fly-height to a point where the head could once;again
distinguish between individual magnetic cells. Now, however,
this constant effort to increase cell density is being
hindered by the actual surface roughness of the disk itself.
Achievable cell density relates to surface :roughness in two
key ways. The first and most straightforward relationship
between achievable cell density and surface roughness is the
aforementioned need to reduce head fly-height. It is easy to
envision that a head can pass closer to a smooth disk than it
can to a rough disk. The second relation;%ip between
achievable cell dénsity and surface roughness has to do Qith
how the magnetic cells are placed on the disk. Magnetic
cells encoded on a rough surface require more space than
magnetic cells which are encoded on a smooth surface.
Therefore, the smoother the surface of the disk, the greater
the achievable cell density.

This need to reduce surface roughness has caused

in . . s . .
creased focus on disk finishing and polishing processes.
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2’ the cells (i.e., encode the information), while the read el ement is
used to retrieve the information fromthe nmagnetic di sk. The head(s) is
attached to an armature in much the samey,way as the needle of a record
pl ayer is attached to a tone arm Unlike the needle of a record player,

hovever,  t{gfiehead cﬁfsl@ mefaten% &a&%%uqyd'c%#%ﬁ,cemé Q@ffseédls

be aerodynanlc This allows the head to literal across the

surface of tH@rH|§Pq&?%a(ﬁﬂﬁl%ﬁsﬁszPFtWPFﬁo&F tnﬁﬂlﬂﬂﬁﬁﬁnﬁﬂn%ﬁtFﬁﬂuFﬁe
di sk surfacethisel urBaeell tiduiftthes. WhiMkch helﬂwd $ﬂ>r8§1ﬂa epathBBom
di stance between the head_and, . tgﬁ disﬁ) is_called the " Hg ﬂg

For cost,  SpHlBanens o EEnTeDsianleablishing REEFESERS egRBPILYy: URe
devi ces haveahraﬂﬁyebpanthomhsngofpmIMEysthe)duﬂkasabsmwatandunﬁaeennghﬂl|c

| i | gL . '
O skt T 8. AERERh, BRbolRneR™bCRoATL R | bdlieks: HHO BYELA Ul
from anot hethesgj §0pwemrtemnnds prmqeﬁes)/ eddiatediy pachidles theed haue

fly-hel oht teod pakge, Vieiol Halia heah G & A0 s aay N Sty Pe1 ¥R

i ndi vi dual na netic -cél Now, however, t ‘const ant ort to I ncrease
cel | density® §tbé§mf°Wﬁnﬂﬁ¥§H &Ft@ﬂ?aE?h&?héHGf85@°ﬁ§§gh@§ﬁ$kﬁ1Q%e°§|sk

itself. Achtryabtgpechlredeassting Shaifecd GFougimsss HHERESof rdd®cing
surface roughness. When this point is reached, the polishing
process is merely removing additional material without
actually reducing surface roughness.

An intuitive solution to this problem is thé use of free
abrasive particle mixtures (called slurries) that utilize
smaller abrasive particles. There .are, however, two
prohibitive problems associated with the use of very small
particles. First, particles that are very small (i.e., less
that one micron in size) tend to clump together (i.e.,
congeal, coagulate, flocculate, and/or agglomerate) ‘such that
the benefit of using small particles is lost. Second, small,
soft particles lack abrasiveness to the extent that they are
practically useless in conventional polishing processes-.

At present, the magnetic disk industry is desperately
searching for a finishing process that can further reduce the
surface roughness of magnetic disk surfaces. nghout such a
process, increased cell densities are not achievable. -

Summary of the Invention

It is, therefore, a principal object of this invention
to provide an enhanced finishing process for disk surfaces.

It is another object of this invention to provide an
enhanced Chemical-Mechanical, disk substrate polishing

RO 9 93 031



kéy ways.
achi evabl e

The first and nost straightforward rel ationship between

cell density and surface roughness is the aforenentioned need

to reduce head fly-height. It is easy to ,envision that a head can pass
closer to a snooth disk than it can to a rough disk. The second

relatlonsm
do with
encoded on

ﬂﬁ}é/?senwhﬁew Qe eac%iufﬁPStHXta%élL{{cfé’é:esf:@t'g o sy t O

magnetic cells are placed on the disk Magnetic cells

@ﬂﬁi&ﬂi%ﬁwfaoe require nore space than nagnetlc cells which

are encoded on a snooth surface. Therefore, the snoother the surface of

t he disk, the greater t he achi evabl e cel | |s 26
reduce surface roTJ'g Still anqher ek %ﬂsﬁ'rb%u?rbve% P‘ltnl lﬁlﬂgé and

pol i shing pkﬁﬂeéﬁnanceﬂ @Ithy @Rlich can be used to polish the disk
Vhen a di'sk substrate I8rbQbl! B! ¥otheBh8MlichiS aRl fReRarScal means.

It is yet another object of this invention to provide a
hard disk device which has at least one disk substrate with
a surface of near atomic smoothness.

It is yet another object of this invention to provide a
disk substrate which has a surface of near atomic smoothness.

It is yet another object of this invention to provide a
disk substrate which has an enhanced recording surface of

near atomic smoothness.

These and other objects of the present invention are
accomplished by the substrate independent polishing process
and slurry disclosed herein.

The present invention utilizes a combination of chemical
and mechanical finishing processes to polish a disk substrate
surface to near atomic smoothness. Broadly speaking, the
surface of a disk substrate that has been machined (i.e.,
rough ground) to a predetermined surface roughness is
subjected to attack by a chemical formulatlon (called an
attacking agent). The chemical formulation is used to Soften
the substrate material. Then, the softened material is
"wiped away" via mechanical action. As discussed in the
background section, mechanical polishing of disk substrates
is well known in the magnetic disk art. Damage free chemical
polishing of disk substrates, however, is yet to be
accomplished because the process parameters have, heretofore,
been too difficult to control. Leaving an attacking agent on
the substrate for too long causes unacceptable damage to the
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veéry rough. The disk substrate is then polished to reduce this surface
roughness. Much |ike abrasive bathroom cleaners, conventional

pol i shing processes commonly use abra5|%§ particles to polish the disk
substrate surface until a certain snoothness is achi eved. However, the

problem wi t hsubéhﬁﬁﬁecg'ﬁmdé)n%llhpié’cfé§€§n{; SahhatthP& iR %r td%rﬁ.s Weghar €
to_envisio

too large, too ha and too sharp IS eaSy _to hat at sone
p0|nt||1trm§%B?Fgﬁ#ﬁgfﬁFoEEQSShﬁéFtPcPEElBQ of 1 pime (deteatre thespwgpose

surface rougppess, i mateadacf remdwaing surface roughness. Wien this point
I's reached, the polishing process is nmerely renoving addrtignal material
W t hout actual Iy reduci ng surface roughness. An intfuitive
solution to this Pooklvemdand hehdse p]foli.‘reme, ahdasine pahkrent NHOBIEfs

|l ed sl t T . ,
hovever . harsar iRl ek ShdTleg on Rk PRERRLVE Partielghe AR ©
partlcles Fm¢@#anp@al|Dbésﬂhumgéuthwefynsmhdmg(precesSegf theatpoesent
mcron in 5'¥r?s)eﬁ€{'9nt9n€6i'0@st€9§ﬁl?eé ﬁtr@l %P:P:ﬁ?& % xﬁ‘é@er and

% t of "using ?I

fl occul ate, and/or agglonerate
particles i | §rrgechbhat s‘-'i%ﬂ’rls%%f F%&rt?%l%%lqi%\‘ek Pél?rtd-sill%&\ess Whenrhe

extent that ddmycese appebp&ahltxéltys,elegselr!r@m&/ﬁvélogaktﬁeggshldm the

processes. c01101d§& 8ar§12&esthe g%tbgt ﬁa&@d%%%Eiﬂé%fkﬁﬁgﬂéuéi
small size make them ideal for damage free removal of the
chemically softened material.

In addition to the soft colloidal particles, the slurry
used in the present invention is comprised of a polymeric
matrix which includes: an attacking agent to soften and
loosen the disk substrate material, organic and inorganic
'stabilizing agents for particle dispersion, and an aqueous
carrier that is pH adjusted to be synergistic with the
attacking agent.

Brief Description of the Drawings:
Figure 1 shows a magnetic disk drive utilizing a disk
substrate that has been polished in accordance with the
pfesent invention;
.
Figure 2A shows a disk substrate that has been poliéhed
in accordance with the present invention.

Figure 2B shows a cross section view of .the disk
substrate shown in Figure 2A.

Figure 2C shows a microscopic view of a disk substrate
surface that has been rough ground.
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searchirng for a finishing process that can further reduce the surface
roughness of magnetic disk surfaces. Wthout such a process, increased

cell densities are not achievabl e. 6 Summary of the

| nvention It is, therefore, a principal object of this invention
to provide an enhﬁfﬁﬁgef'ﬂbShéﬂSeroﬁeséréﬁﬁiééik vH&§aC88. the surfhtels
anot her object of this invention to provide an enhanced

Cheni cal - MeckrwglnessdpEkthabdipkt Subsitirafien urfagey af Rigure 2C.
4 process which uses a slurry that includes soft coll oi dal
i Figure 2E shows a microscopic view of a disk- substrate
surface after the disk substrate has been polished in

accordance with the present invention.

Figure 2F shows a graphical view of the surface
roughness of the disk substrate surface of Figure 2E.

Figure 3 shows how the polishing pads of the preferred
embodiment operate to generate polishing action.

Figure 4 shows how the disk substrate carriers of the
preferred embodiment operate in relation to polishing pads to

generate polishing action.

Figure 5 shows how slurry is introduced onto disk
substrates in accordance with the preferred embodiment.

Detailed Description

Figure 1 shows magnetic disk drive 100 utilizing
magnetic disks with disk substrates that have been polished
in accordance with the preferred embodiment of the present
invention. Each of disks 101 comprises a disk substrate that
has been coated with a magnetic material. Disks 101, which
further comprise magnetic surface 102, are rigfﬁly attached
to common hub or'spindle 103, which is mounted on base 104.
Spindle 103 and disks 101 are driven by a drive motor (not
visible) at a constant rotational velocity. Comb-like
actuator assembly 105 is situated to one side of disks 101l.
Actuator 105 rotates through an arc about shaft 106 parallel
to the axis of the spindle, driven by -an electromagnet, to
position the transducer heads. Cover 109 mates with base 104

to enclose and protect the disk and actuator assemblies.
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particles. It is still another object of this invention -to provide
an enhanced slurry which can be used to polish the disk substrate surface
by both chem cal and nechani cal neans. It is yet another object of
this invention to provide a hard disk devi ce which has at |east one disk

Substrate with urface. of tQouicC £ss.
anot her obj ect of f ?Er?ﬁbg T&gﬁi % gg]év‘f drénglgéfjd]fli% %%%5?9%‘?%{]\{/% %yﬁ%rée
surface of nbaiveitamd ccempenhaating with anptheg ﬂeNiQWOtm&Chﬂﬂﬂxﬂ st his

nventi on t QAN LE, 2 all Sleqtttistddd © 14 ERrRas caNcgpgances) !
surface of tofri ¢ snoot hness. ese and ot her oblects of ¥he
pr esent |nvmul’&ﬁ%r@u*%}%k@%pltbﬁedeb‘;l?ﬁ‘ér%ubst dat luraidngeirt pdread ng

process ands;sdpEAYish S&s9eRH1085€107 are rigidly attached to the prongs
of actuator 105, one head/suspension assembly 107
corresponding to each disk recording surface 102. Typically,
data is recorded on both surfaces of the disk, making two
opposed head/ suspension assemblies for each disk. An
aerodynamic transducer head 108 is located at the end of each
head/suspenSLOn assembly 107 adjacent the disk surface.
‘Head/suspension assembly 107 is essentially a beam spring
tending to force transducer head 108 against the surface of
the disk 102. The aerodynamic characteristics of the head
counteract the force of.the beam spring, making the head
"fly" a small distance from the surface of the disk due to
air movement caused by the spinning disk.

Figure 2A shows a disk substrate that has been polished
in accordance with the present invention. Disk substrate
200, which has disk substrate surface 205, has a substrate
material which comprises aluminum coated with a layer of
Nickel Phosphorous (NiP). NiP is commoniy used in the
magnetic disk art to provide a hard;:rigid, defect -free
surface to otherwise malleable or inclusioned substances like
aluminum. A common substrate material has been chosen for
the preferred embodiment to best illustrate the teachlngs of
the present invention. However, it should be understood that
the present invehtion is not limited to just NiP coated
aluminum. Other substrate materials such as glass, titanium,
carbon, zirconium, silicon carbide and NiP coated Beryllium
could also be used. Therefore, "magnetic disk substrate" is
defined herein to refer to disk substrates that are
constructed using any one of the aforementioned substrate
materials. It should further be understood that the present
invention is not limited to magnetic disk substrates. The

present invention is equally applicable to magnetic disks
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ThHe present invention utilizes a conbination of chenmical and nechani cal
finishing processes to polish a disk substrate surface to near atomc
snoot hness. Broadly speaking, the surfgce of a disk substrate that has
been machined (i.e., rough ground) to a predeterm ned surface roughness is

subj ect ed t ugdd 26kt birely CbEThaghetaEMibteigai(cal | ed an attacking agent).
The chem cal fornulation is used to soften the substrate nateri al . Then,

the softened material is "w ped away" via nechanical action. As
di scussed in the Fhgekgr2Bnghewst hoBrogecaeitdan pdlewslbimd itk dudstrate

b ' 1] Kk i h i_c di .. Da hem
ol 1 shi ng o T sk ABEERYAPEcct ABBYEPEEAES, BP0, 3o SONREIRRY! (Thed Hodiie
t he process Jzreane2 20 sahdv botiteometNifBrigyetbe2h? t whidhf &reulll) tnolcxronetodr
Leavi ng an a{ﬁﬁﬁﬁ%}@ﬂ?ggﬁé wa&igﬁgghlggifiraﬁsf PhikRC150NS GRUEick.

unaccept abl e
5 substrate surface, while |eaving an attacki ng agent on the

Figure 2C shows a microscopic view of a disk substrate
surface that was polished using a conventional, hard particle
polishing process. Figures 2C through 2F and the
measurements displayed thereon were produced by a NanoScope
III microscope which is commercially available through
Digital Instruments Corporation. The NanoScope III used for
the measurements described herein has been calibrated in
accordance with NIST 20 & 40 nanometer step height standards.
Atomic Force Microscopes, like the NanoScope III microscope,
are capable of displaying and measuring surface roughness at
the atomic level. '

Graph 225 and table 230 of Figure 2D show surface
roughness measurements for the disk substrate surface shown
in Figure 2C. Table 230 shows that the average surface
roughness of the disk substrate surface shown in Figure 2C is
approximately 19 Angstroms (A) [i.e., Shown as rms. value
19.27 A]. '

Figure 2E shows a microscopic view of disk substrate
surface 205 which.was polished in accordance witﬁythe present
invention. Simple visual comparison of the disk subsStrate
surface shown in Figure 2C and that of disk substrate surface
205 shows a marked difference in surface roughness. Graph
240 and table 245 show surface roughness measurements for
disk substrate 205. Table 245 shows that the average surface
roughness of disk substrate 205 is an order of magnitude less
than that of the disk substrate surface shown in Figure 2C
(i.e., shown as rms. value 1.58 Aj.
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substrate for too short a pefiod of tinme defeats the purpose (ife.,

mat eri al renoval). To overcone this problem and the inherent
pr obl ens associated with the use aof hard, abrasive particles in
mechani cal polishing, the finishing process of the present i nvention

invol ves tight control over gprRGeSS j Pt o ey a slurry that
conpri ses soft colloidal partT ' cted appropriately, the

rel ati ve softness of the col | oi dal particles conbined with their

spherical shpgeishiing BERhling add P dd¥yNPaemetled’s danage free renoval of
t he chem calTy Softe terial. .,

col | oi dal particl €&e Paig§ggPﬁmeEﬂﬁTqr?ﬁtﬁ?%Jhéggagééahéﬁﬁéég%égégﬁir?sed
of a pol ymertkresambivoryhiga-smcspdedFam Boublbaskded ¥AisHing aldehined
agents for PRFCPE SPESHEATb Lo ERArah ahuco e werRry | B NaTarcq e i hATRL e
to be syner gpelishingh machineg ackiuhd ajed .be used. TheBrdaiblessidedi on
of the DrawifgPishing action of typical double sided polishing machines
is shown on Figure 3. Individual disk substrates are held
between polishing pads 310 and 315 by polishing plates 300
and 305. The polishing pads used in the preférred embodiment
are Ultra—Pol V polishing pads made by Rippey Corporation;
however, other polishing pads with similar characteristics
could also be used. While pressure is applied axially to
shaft 320, polishing plates 300 and 305 are rotated in
opposite directions (shown by rotation arrows 330 and 335).
The pressure applied to shaft 320 should be set to 0.052
kg/cm2 of disk area (for 48 mm disks). Lower pclishing plate
305 and attached polishing pad 315 should be set to rotate at
60 RPM, while wupper polishing plate 300 and attached
polishing pad 310 should be set to.rotate at 20.0 RPM.

Slurry supply ports, such as slurry supply port 325, are
used to introduce the slurry onto the disk substrates. As a
result of this double-sided polishing action, both the top
and bottom sides of the disk substrates are polished
simultaneously.

. —~

Figure 4 shows how the disk substrate carriers (such as
disk substrate carrier 400) operate in relation to lower
polishing pad 315 and upper polishing pad 310. Disk
substrate carrier 400 rotates in the same direction as
polishing pad 315 (shown by rotation arrow 410) and in the
direction opposite to polishing pad 310 [not shown] such that
disk substrates (such as disk substrate 200) are polished on
both sides.
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Figurel shows a magnetic disk drive utilizing a disk substrate that has

been polished in accordance with the present invention; Fi gure 2A
shows a disk substrate that has been polisfyed in accordance with the
present invention. Figure 2B shows a cross section view of the disk

substrate shown 'Tﬂadﬂgeszﬁhows how did%ﬁf*éﬁhSPQmﬁnﬁrBHﬁEQQC%WﬂB‘HfQKOf

a di sk substrate surface that has been rough roun
substrates during polishing. soon as the pollshlng
process is begun, Slurry 500 is introduced onto disk
substrates via slurry supply ports like slurry supply port
325. Slurry 500 is introduced onto disk substrates at a rate
of 30 ml per minute. Slurry 500 then attacks the surface of
the disk substrates [not shown] located in disk substrate
carrier 400. Once slurry 500 has softened the disk substrate
material, the excess material is removed from the disk
substrate by the polishing action of polishing pads 310 and
315. Under the above process parameters, the processing time
is less than 10 minutes. Near the end of the process, rinse
water should be introduced‘'onto the disk substrates to diiute
slurry 500 and increase the pH. The pH should be increased
to a value at or above 3.0 before the rotation is stopped.
Too short of a rinse time may cause pitting of the disk
substrate surface which may lower the quality of the finish.
In the preferred embodiment, a rinse time of 40 seconds is
used. f

Controlling Hard Particle Contamination

Hard particle contaminants which are inadvertently

introduced into slurry 500 can cause scratches on the surface
‘'of disk substrate 200. Since information cannot be stored in
locations that have been scratched, the fewer the defects the
better. Therefore, it is extremely important to minimize the
extent to which hard particles are introduced into slurry
500. In the preferred embodiment, fine'filtratggn of slurry
500 is used to control hard particles that méy- be
inadvertently introduced into slurry 500. Slurry 500 is
continuously circulated through a 3 micron filter by a
circulating pump that is capable of operating at pressures up
to 100 psi. [not shown].

Composition of Slurry 500

Attacking Agents and pH
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Fi'gure®2D shows a graphical view of the surface roughness of the disk

substrate surface of Figure 2C Fi gure 2E shows a m croscopic view
of a disk substrate surface after the dhfk substrate has been polished in
accordance with the present invention. Fi gure 2F shows a graphica

view of the surfage cﬁ‘éﬂllqi%gh gj ?‘ﬂ#ékﬁg‘?’{é‘;’?t EEUrERES ObnEhOEaE-2E.

Figure 3 shows how 't he po erred enbodi nent operate
to gener at enpohashad aprogess lS achigyed 4th9%§hhoﬁh?he“8Psk°§ub§Prate

carriers of £‘es ﬁgf erde% enbséheentdmerﬁesﬁfvawl 8boon st téshivaghpads
to generate action- gure shows how sl

i ntroduced ¥k o %l%%lngme%F5?E§ is uge FﬁﬁﬁﬁbaﬁFﬁﬁkﬁﬁg ﬁﬂ&?griédSOften
enbodi ment . the surface of disk substrate 200. In addition, the pH of

slurry 500 is adjusted to be acidic by adding nitric acid.
However, it will be understood by those skilled in the art
that the particular attacking agent used varies with the type
of substrate involved. For example, if disk substrate 200
had been made of glass instead of being coated with NiP,
cerium sulfate would have been used as an attacking agent and
the pH of slurry 500 would have been adjusted to be acidic
through the use of sulfuric acid. Accordingly, it should be
understood that the present invention is not limited to a
particular attacking agent or a particular substrate type.
Additionally, it should be understood that there will be an
optimum pH value that varies depending upon the particular
combination of substrate type, attacking agent, and colloidal
particle. When slurry 500 comes into contact with the
surface of disk substrate 200, it reacts with the NiP and
softens the metal such that it can be easily removed through

mechanical action.

Colloidal Particles for Substrate Material Removal -
After the surface of disk substrate 200 has been
softened, soft colloidal particles are used to mechanically

remove the softened layer. Typically, particles are said to
range in size from 1 millimeter in diameter to .001 pum in

diameter. Particles can be broadly categorized into two
groups:

Particle Category Particle Size

Coarse Greater than 1 um

Colloidal Between 1 um and .001 pum

As discussed in the background section, use of large,
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Det ai | éd Descri ption Figure 1 shows magnetic disk drive 100

utilizing magnetic disks with disk substrates that have been polished in
accordance with the preferred enbodi nent of the present invention. Each of
di sks 101 conprises a disk substrate that 1%has been coated with a magneti c

material. Di , | M ri se _magneti urface 102, ar
rigidly attaZ%éﬁﬁg%gégﬁ%%§1%ﬁﬁ:ﬁﬁiﬁﬁﬁgﬂheféﬁff \ﬂﬁﬁﬁi e STh &Hqéiﬁf
104.  Spi ndl @f1¢headd ski sibstarate e diengen lphea staillemmther pamdticldsitie)
at a const anpethaAl i ﬁB@EveE?| Phibt ¥ma11§9€be$1li8§id@ftg@£@{%fé§e Yoo $pd S
situated to one side of disks 101. Actuator rotgtes through an arc
about shaft £0@1dar &P oremevet Hhaxisefdenase Bptagial.dri Hardycedloidal

el ectromagneparitd c1ReSi 4r&N difkd tdNFdynerrBeadve BWEiuddotialesSI¥hLE hase

sa1 1O o BRtaltnell o2 rolendr e i Hals] U Br thase | Teasons,  soft

031 ’
colloidal particles of intermediate size were chosen for
slurry 500. While the type of colloidal particle used in the
preferred embodiment 1is colloidal silica, it will be
-appreciated by those skilled in the art that the present
invention is not limited to the particular type of colloidal
particle used in the preferred embodiment. Other types of
colloidal pérticles with similar characteristics could also

be used.

Stabilization Agent i
Since colloids are thermodynamically unstable, the
method for stabilizing slurry 500 is important. In a
i manufacturing environment, Slur%y 500 must remain stable

while circulating through the 3 micron filter. In the
preferred embodiment, this ié accomplished by using organic
or inorganic agents to enhance the electrical double layer
charge and/or provide steric hindrance to maintain dispersion
of the colloidal particles. e ~-

Preparation of Slurry 500

NiP Substrate Material

Ingredient Amount

2360 Nalco Colloidal Silica 10 liters
Deionized Water 10 liters
50%/50% Nitric Acid & 250 ml.

Deionized Water
Aluminum Nitrate 1 Kg.
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El'ectroni c nodules for controlling the operation of the drive and

communi cating with anot her device, such as a host conputer, are contained
incircuit card 112, typically nrmounted oygside the enclosure. A
plurality of head/ suspension assenblies 107 are rigidly attached to the

prongs of actuatgpy N@EssuBQ@raEéQdR%%%%”E%OE ska%%%ggﬁétejiﬁb), the

correspondi ng to each di sk record g surface 102. Typi_cal data 1s
recor ded on bB’EﬁpéﬁlaFé@é‘s°5fs%H€rﬁl R0 beging vifh @M%@édﬁaéﬁgp?:ﬁ@oon
assenblies f@bltaﬁaadlShllcaAmadﬁﬂhthﬁﬂﬁdldd scieton heed 1681 igekscatred

at the end of ,each. head en5| n ,ass I acent.the di sk sur
Head/ suspensi 3RT ggééﬁg gﬂb %8igggﬁﬁgp R cREsAy 1 ;gﬁce
t ransducer hep;defé%regaembbdﬁmentuxs acadefby tiNad ab Corpdiratibre ddr edydabiec

characteristi h te e for of. he ri
ki g the: helid8kpt8B Y cfiSys PRELI T 0 Efe ark CeBEE N Begent,
ai r novenent mmgaulby iaenadiimiteditk any partlcnlgm braAdshﬁvxstJhldJLdal

substrate thatjigsabeen @ﬁﬁﬁfh%gﬂﬂ&e §91 an&@ai‘%&ﬁléhegﬁ’iﬁéfﬁéli n%ffiEQn'

Di sk substrate 200, whi as di strate surface 20 as a substrate

mat eri al mhldﬁrEGHﬁFﬁse§u§huﬁFn@#ﬂ@6éﬁ§9quqv qqgkﬂgcﬁorporatlon, could

also be used. 1 Kg of aluminum nitrate is then dissolved
into the deionized water. Once this is accomplished, nitric
acid is added to the deionized water until the pH is close to
1.0. When the preparation of the deionized water is
complete, the 10 liters of the Nalco 2360 Colloidal Silica is
aggressively mixed with nitric acid until this solution's pH
is also close to 1.0. The two solutions (i.e., the aluminum
nitrate solution and the Nalco 2360 solution) are then mixed
together to form slurry 500. The pH of slurry 500 is then
adjusted to be approximately 0.9.

Glass Substrate Material

Ingredient Amount
. 2360 Nalco Colloidal Silica 7 liters ° -
Warm Deionized Water 3 liters
Sulfuric Acid 250 ml.
Cerium Sulfate 7.5 grams.

-

- _ As mentioned} the present invention is not 1imi£ed to
‘the type of substrate material involved. For example, if
disk substrate 200 were a glass substrate instead of a NiP
substrate, the preparation of slurry 500 would begin with 7
liters of the Nalco 2360 Colloidal Silica and 3 liters of
warm deionized water. The de ionized water is adjusted to pH
2.0 with sulfuric acid. Then, 7.5 grams of cerium sulfate
are dissolved in it. The pH of the sulfuric acid solution is
then adjusted to be between 0.6 and 0.9. When the

0 993 031



Ni ckel ‘Phosphorous (NiP). N P is conmmonly used in the nagnetic disk art
to provide a hard; rigid, defect -free surface to otherw se nall eable or

i ncl usi oned substances |ike alumnum A ggmmon substrate nmaterial has been
chosen for the preferred enbodinent to best illustrate the teachings of

the present ﬂ)ﬁdpﬂli'd:aﬂmonl'bl\eﬁl_ié,sﬁ]l_f&lﬂQU| dcha sulanie;staﬁod«atEahplé’ge,ptﬁ&ent
invention is, not_ Lim.t to.just NP coat : RYm her_ substrate
materi al s su]chg%lgsgf’efsgt,q'? [ %‘éﬁ?ﬁm ﬁ@ar@%ﬁf"’z‘??#gﬁilghcasilﬁ c %953?5?H§l¥nd
N P coated Beiyédi winthceulfwtbon deidsentilhatleirgolitiagnesi pidisk also -
substrate” igeeQelhNefl é‘g&gP” t¢1-09 ref eppnl 0 (oS kﬁégQEEBREesaéé‘a::g%ﬁgl mi xed

constructed usIrng any on e aforenmentioned subsfrate  na
shoul d furt Heeg@ehendtpsfosm sHarahed QP eseBe pHyeft isdwdry ffi0 |19 thent o

magneti c di siypubebdakesn EHat RECINbteRH 0k ishe @@y applicable to
magneti c di sks RO 9 93 031 :
Regardless of the substrate material involved, it is
important to note that the final pH and the concentrations of
the ingredients are important in controlling the rate at
which material is removed from disk substrate 200. High
levels of an attacking agent can cause pitting on the surface
of disk substrate 200, while lower levels of the attacking
agent slow down the rate at which material is removed (i.e.,
the stock removal rate) from disk substrate 200. This, of
course, increases processing time. In addition, the stock
removal rate also tends to.decrease with higher pH values.

Although a specific embodiment along with some alternate
embodiments have been disclosed, it will be understood by
those skilled in the art that additional variations in form
and detail may be made within the scope of the following
claims. -

What is claimed is:

RO 9 93 031



nmede entirely of magnetic nmaterial. Figure 2B shows a cross
section view of disk substrate 200. As shown, disk substrate 200 is
conprised of top NNP layer 210 and bottq® Ni P | ayer 217 which are 10

m cronmet er ([err]m thick and al um num layer 215 which is .8 nmmthi ck.
Figure 2C shows a microscopic view of acdiaglssubstrate surface that was
pol i shed using a conventional, hard parfTcle polishing process.

Figures 2C through 2F and the neasurenents displayed thereon were
produced by a&.NanaSmephod Iflorminamsfapeuming ha imagoatbe cdibsk ydayvael, abladd
through Digital Lnstr ts -ROr at,l The neScope. ) | ed for the
measur enent s descbf%gdggg&& rl? algl%gaetnoi;% sl.tgr%n?%dé)%%)?, a%%bédgaﬁégeemthONIeST
20 & 40 nanonet er désbpbRénghcompaidaddof snbshiratFomatextialogndpvagneitic

the NanoScope ||| 0+6+98G0P&a i A éﬁq&ﬂgéh i S5l @yd asuring
surface roughnessmat E.t%e'atg'r"ﬁcnféeve . ﬁ¥1 I%?J%K %%%%%%dg?able 230 of

Fi gure 2D show surface roughness neasurenents for the disk substrate

surface shown inakEtdekendCsaidl UK tidte iyt gl ém?o‘ggger@ﬂ@ svef agea

roughness of the djsk substrate_ surface shown. i n Flgure is ..
approxi mately 19 ZBR§RiF8satRRCking agenbunsaid, ghemjgplcattacking agent

reacting with said substrate material to soften a
portion of said substrate material; and

removing said portion of said substrate material by
using colloidal particles.

2. The method of claim 1 wherein said removing step further
comprises the step of applying a colloidal particle
solution to said substrate material, said colloidal
particle solution being pH adjusted to be acidic.

3. The method of claims 1 and 2 further comprising the step
of rinsing said substrate material with an agqueous
solution. T

4. The method of any one of claims 1 to 3 used for

manufacturing a magnetic disk substrate, said magnetic

disk substrate being comprised of substrate material.
. o

5. A slurry for polishing disk substrates, said élﬁrry

comprising:

an attacking agent for use in softening a portion of
said disk substrate; and

a colloidal particle solution for use in removing said
portion of said disk substrate, wherein said colloidal
particle solution is pH adjusted to be acidic.

\

L

s
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19. 27 A]. Fi gure 2E shows a m croscopic view of disk substrate
surface 205 which was polished in accordance with the present invention.

Si mpl e vi sual conparison of the disk subs%&ate surface shown in Figure 2C
and that of disk substrate surface 205 shows a marked difference in
surface roughness. G aph 240 and table 245 show surface roughness
measurenments_for _disk substrate 205. Table 245 shows that the average
surface roulyhnesd B?98?§&CSGB§%rQFéVfOSQQEP§ﬁSéP@ér of magni tude | ess

than that of the disk substrate surface shown in Figure 2C [i.e., shown as
rnms. value 1.58 A&'spind?Q;g 93 031 - = 9

a comb-like actuator assembly; and

at least one disk, said at least one disk being rigidly
attached to said spindle and comprising substrate
material and magnetic material, said substrate material
having a surface roughness of less than 4 A.

7. The magnet disk substrate of claim 6, wherein the
process for manufacturing said magnetic disk substrate
comprises the steps of:

attacking said substrate material through the use of a
chemical attacking agent, said chemical attacking agent

i reacting with' said substrate material to soften a
portion of said substrate material; and

removing said portion of said substrate material by
using colloidal particles. -

8. A magnetic disk substrate, comprising:

substrate material having a surface roughness of less
. e
than 4A.
9. The magnet disk substrate of claim 8, wherein the
process for manufacturing said magnetic disk substrate
comprises the steps of:

attacking said substrate material through the use of a
chemical attacking agent, said chemical attacking agent
reacting with said substrate material to soften a

portion of said substrate material; and

//

T
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Super Pol i shing Process Pol i shi ng Machi ne and Process Paraneters

The polishing machi ne of the preferred enbodinent is a three notor, 9B-5P
SpeedFam Doubl e- Si ded Pol i shi ng Machi ne ,fade by SpeedFam Cor por ati on.
However, other conventi onal pol i shi ng nﬁchines coul d al so be used. The
doubl e- si ded polishing action of typical double sided polishing nmachines
I's shown on Figure 3. Individual disk substrates are held bet ween

pol i shing pads 3lhfemonimlssBidpdPPEhian Mfateaidosubsigatsosmatreipdl iR%ing

pads used in the fﬁéﬂéé&h@@@&ﬁiﬁ&ﬂ{iclgge U tra-Pol V polishing pads nade
by Ri ppey Corporation; however,” ot her polishing pads with sim | ar

characteristics could also be used. Wile pressure is applied axially to
shaft 320, I st dappat&eus0€ oan hatiff frttur gt #dmagnetappddiske drive,

di ti b tation, s, 330 335) . Jh |.ed

o shaft 320 sholithheliak Foiee giaving pf feac ms, s’ (ot A s

glesl;:% g Lovve[ P0|drfé1i ﬂ%gpd abeing30somprii sed acfedspbbtshiteg mﬂeﬁﬁélts[mmrl]dd
o rotate a e r .and atta

pol i shi ng pad 31(3“%%%11"]d‘= EE see’\fo{l%id’r%Fgﬁeaggggéﬁ%ggl?sg}“%ﬂﬁ%%' Slurry e

supply ports, such as slurry supply port 325, are wused to introduce the

slurry onto the %%}i%r%kﬁ?g%af&%ﬂﬂs@aﬂé‘ﬁ%ﬁ&‘ﬁlﬁfﬁi%h the

pol i shing acti on, . .
use of a chemical attacking agent, said chemical

attacking agent reacting with said substrate material to
soften a portion of said substrate material; and

means for removing said portion of said substrate
material by using colloidal particles.

11. The apparatus of claim 10 wherein said means for
removing further i comprises means for applying a
colloidal particle solution to said substrate material,
said colloidal particle solution being pH adjusted to be
acidic, and at least one polishing pad.

12. An apparatus for manufacturing: a magnetic disk
substrate, said magnetic disk substrate being comprised
of substrate material, said apparatus comprising:

: ~
means for attacking said substrate material through the
use of a chemical attacking agent, said chemical
attacking agent reacting with said substrate material to
soften a portion of said substrate material; and

means for removing said portion of said substrate

material by using colloidal particles.

13. A data storage device, comprising:

I

R0 5 53 031 | | VA O



arid bottom si des of the disk substrates are polished sinmultaneously.
Figure 4 shows how the di sk substrate carriers (such as disk substrate
carrier 400) operate in relation to | ower,, polishing pad 315 and upper
polishing pad 310. Di sk substrate carrier 400 rotates in the sane

direction as poljshi ad ,315. hqﬁ% r t] Lo 4%%% ng. Jiny t
di recti on opposi fné’g(rbeq%o'fi'%%ﬁe#glépfaﬁ OBT/%O% ?héoa\%n'{.] %éll?c\r%(ut ha cea'd%s%grh 4t
substrates (suchlzast sneupstface havingre perfasedrenghpesk diegsésthan RO

9 93 031 4A 10 Figure 5 shows how
slurry 500 is introduced onto disk -

- -

14. The data storage device of claim 13, wherein the process
for manufacturing said data storage device comprises the

steps of:

attacking said at least one surface through the use of
a chemical attacking agent, said chemical attacking
agent reacting with said at least one surface to soften
a portion of said at least one surface; and

removing said portion of said at least one surface by
using colloidal particles.

¢

N S

| ) O
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substrates during polishi hg. As soon as the polishing process is begun,
Slurry 500 is introduced onto disk substrates via slurry supply ports |ike
slurry supply port 325. Slurry 500 is in?oduced onto di sk substrates at a
rate of 30 mM per mnute. Slurry 500 then” attacks the surface of the disk
substrates [not shown] located in dislgsylstrate carrier 400. Once slurry
500 has softened the disk substrate nmaterial, the excess material is
renoved fromthe disk substrate by the polishing action of polishing pads
310 and 315. Under gy ﬁ&@d@é&a@&ea@@é@fmmﬁiﬂ Oppeskag tinme is
| ess than 10 m nutes. Near the end of the_ process, rinsg wat er shoul d be
i ntroduced onto the disk substrates t3Pdi FIEEYs| urry 500 and i ncrease the
pH. The pH should be increased to a value at or above 3.0 before the
rotation is stopped. Too short of a ri Llime may cause.pitting of.th
disk  substrate SHh® REESFREHTREN IRRA G AR A FYRBINEREOR: 4f dhemica e
preferred erdlimetianicdl imishngfpritemmnd® pslished.disk Gulistatateag
Hard Particle nt am_natj on . Har, icle c han jo ar
i nadvert ent I%}“r 4 g‘dﬁc&?aﬁn%t%TﬁE?f%%%élg%sdauggiggég c%@?@ﬁq{q{e the
surface of sliskacebefr a elidi. sGbatratef dhadt i as cheent maehdn@ded( i re. ,
| ocations t v crag ched, £ dde t 8 qlEdd 8T - 5
WudftY GRsel ’ 88 ched pidfel iRIndde HBAHE Wit is

Ther ef ore, important to mnimze t extent tO which hard
particles arsubjeebedcé® iakteackybyy @ chemical formulation (called an

attacking agent). The chemical formulation is used to soften
the substrate material. Then, the softened material is

"wiped away" via mechanical action.

FIG. 1

RO 9 93 031



-“ T N
500. tn the preferred enbodinent, fine filtration of slurygy_ '
control hard particles that may be inadvertently introdu eﬁﬂﬁﬁﬁﬁfﬂmg

500. Sturry 500 is continuously circulated through a 3l cr dJWERLAG
a circulating punp that is capable of operating at pressures U

psi. [not shown]. Composition of Slurry 500 At t acki ng
Agents and pH R O 993 031 The alieom cal polishing portion
of this chem cal- nechanical process is achieved through the use of an

attacking agent. Since disk substrate 200 is coated with N P, al unmi num
nitrate is used as an attacking agent. to soften -

LT
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t he: surface of disk substrate 200. In addition, the pH of
adj usted t.o be acidic by adding nitric acid. However, it AS
understood by those skilled ih the art that the partlcula attaBEPngcgggﬁFN
used varies with the type of substrate involved. For exanpl €,

substrate 200 had been nmade of glass instead of being coated with N P,
ceriumsul fate woul d have been used as ap;@ttacki ng agent and the pH of
slurry 500 woul d have beén adjusted to be acidi¢c through the use of

sul furic acid. Accordingly, it should be wunderstood-that the present
invention is not limted to a particular attacking agent or a particular
substrate type. Additionally, it _shewtd—be-understood that-there will be
an optinmum pH value that v ,ké”aependlng upon particul ar conbination
of substrate type, attac g agent, and colloidal pacticle. When slurry
500 cones into contact AMmth the surface of disk substrate 200, it reacts

with the NiP and sojfens the netal such that it can be easily renoved

t hrough nechani cal/acti on. Col | oidal Particles for Subswrate Materi al
Renoval After the surface of disk substrate 200 has be sof t ened,
soft colloidal particles are used to nmechanically renove the softened

| ayer. Typically, particles are said to range in size froml mllinmeter in
dianeter to .0Q1 [err]min dianeter. Particles can be broadl

categorized into two groups: ' :

This Sheet Has Been Replaced
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Particle Category Particle Size Coar se 5ﬁﬂSSHE@?gag@EEV
than 1 [err]m Col | oi dal . Between 1 [err]| and35@QAcEgrr]m
As "di scussed in the background section, use of |arge, =635

12 hard particles for polishing causes scratches on the surface of the
di sk substrate. Hence, the smaller the particles the better. However, the
smal | est colloidal particles can be tapmo snmall to renove the softened

mat eri al . Hard col | oi dal particles are simlarly ineffective because
they leave a scratched or rougher surface. For these reasons, soft

fx*f-:\:-.f“"ﬁ{b.")\tu:"w“\'f{" RN f ar°

- .

2 7 7 / /éﬁ/é'oﬁ
R l’?’i‘:{’\ ?"‘m‘:}? NSO ‘1\/ ’6"‘{’ 3:.“ = .-:w. / Z /2 //’4

S m“w@v RN /7

290

FIG. 2B
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. . . . . THIS SHEET HA EN
col'loidal particles of internediate size were chosen fjpr n@
Qryr nrl a O

Wiile the type of colloidal particle used in the pr peRt-—4's
colloidal silica, it will be appreci ated by those skill'ed in the art that
the present - inventionis not limted to the particular type of coll oidal
particle used in the preferred enbodi nent. O her types of col | oi dal
particles with sinilar characteristics codl® al so be used.

Stabilization Agent Si nce col | oids are thernmodynam cal |y unstabl e,
t he met hod for stabilizing slurry 500 is inportant.. In a

manuf acturi ng environnent, Slurry 500 nust remain stable while
circulating through the-3 mcron filter. In the preferred” enbodi nent,

this is acconplished by using organic or inorganic agents to enhance the
el ectrical double |ayer charge and/or provide steric hindrance to
mai nt ai n di spersi on of the colloidal particles.

Preparation of Slurry 500 Ni P Substrate Materi al

20.000 nm

oz

) D

is Sheet Has Been Replaced
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| ngr edi ent Amount 2360 Nal co Col | oi ddll 78id $eRET HAS BEEN
liters Dei oni zed Water 10 liters 50@653P6N|tHEPLACED &
250 m . - Dei oni zed Water Alumnum N trate =R

993 031 13 For Ni P substrates
(such as disk substrate 200), the preparation of slurry 500 begins with 10
liters of 'Nalco 2360 Colloidal Silica e by Nal co Cor poration and 10
liters of deionized water. While the colloidal silica used in the
preferred enbodi nent is made by Nal co Corporation, it will be understood by
those skilled in the art that the present invention is not limted to any

particul ar brand of coll oidal ﬁ%k -~
_ \
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silica. QO her commercially available <colloidal sili such
as Ludox from Dow Corning Corporation, could also be useg. TH@ X
alumnumnitrate is then dissolved into the deionized wafler. éﬁ%ﬁig@ssggw !
acconplished, nitric acid is added to the dei oni zed wat el LS.
close to 1.0. When the preparation of the deionized water is conplete,
the 10 liters of the Nalco 2360 Colloidal $Vidca is aggressively mxed with
nitric acid until this solution's pHis also close to 1.0. The two
solutions (i.e., the alumnumnitrate solution and the Nal co 2360 sol ution)
are then m xed together to formslurry 500. The pH of slurry 500 is _then

adj usted to-be approximately 0.9. d ass Substrate Material -=:l ngredi ent
Amount 2360 Nalco Colloidal Silica 7 liters Warm Dei oni zed Wt er

3liters Sulfuric Acid 250 m. Cerium Sulfate

7.5 grans. As nentioned, the present inventionis not limted to the
type of substrate material involved. For exanplsn |f dISk substrate 200

were a gl ass substrate instead of a N R

|
H
Q

gz

SN
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substrate, the preparation of slurry 500 woul d begin with
Nal co 2360 Colloidal Silica and 3 liters of warm dei oni zeqg
ionized water is adjusted to pH 2.0 with sulfuric acid. T

ceriumsulfate are dissolved in it. The pH of the sul furi s R0
then - adjusted to be between 0.6 and 0.09. When the 0 9 93 031
14 preparation of the sulfuric acid solujjgn is conplete, the 7 liters
of the Nalco 2360 Colloidal Silica is aggressively m xed with sulfuric
acid until this solution's pHis also between 0.6 and 0.9. The two
solutions are then m xed together to formslurry 500. The pH of slurry

WHI%HEEFﬁaAg%EN
en, 7 REPUAGED Of

500 is then adjusted such thai [t is between 0.6 _and 0.9. ..
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inportant to note that the final pH and the concentration = —
ingredients are inportant in controlling the rate at whif c 'ﬁﬁ%@ﬁﬂa#wisEEN |
renmoved from di sk substrate 200. H gh levels of an at! ' ’%#%D can I,

cause pitting on the surface of disk substrate 200, whil e Tower 1 '
t he attacking agent slow down the rate at which material is renoved

(i.e., the stock renoval rate) fromdisk ?Hgstrate 200. This, of

course, increases processing tinme. 1In addition, the stock renoval rate

al so tends to decrease with higher pH val ues. Al t hough a specific
enbodi mrent along with sone alternate enbodi nents have been disclosed, it
wi Il be understood by those skilled in the art "that additional__variations
in form and detail nay be nade within the scope of the follow ng clains.
What is clained is:

Slurry 307
30
_; Polishing of-
Pads

XNy 5
244 e
2 S 000222727777 PSS

2y, iR 704
2/5 R22Zzcecccoecssseuesec 2 o -
L.,
FIG. 3
-_
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15
. A nmethod for manufacturing a magnetic di sk dr Wﬁﬁ;
di sk drive haV|ng at | east one disk, said at |east one E@E@ @@SBEENJ

conprised of substrate nmaterial and nagnetic -—-__~________h_‘~

d ai ns

1

~——

9/10

FIG. 4

I
ect Has Been Replaced
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material, said nmethod conprising the steps of: at t ackKHIgsgat LAS 3
substrate material through the use of a chem cal att ckingﬂggga& BEEN I
said chem cal attacki ng agent reacting with said su !
to soften a portion of said substrate material; and renovi ng-
said portion of said substrate material by . usi ng col |l oi-dal particles.

2. The nmethod of claim 1l wherein said renpving step further

conprises the step of applying a colloidal ¥4Pticle solution to said
substrate material, said coll oidal particle solution being pH

adjusted to be acidic. 3. The nethod of clainms 1 and 2 further

conprising the step of rinsing said substrate material wth an

aqueous sol ution. 4. The nethod of any one of claims™ .1 to 3 used
for manuf acturi ng a magneti c di sk substrate, said nagnetic di sk

substrate being conprised of substrate materi al

Rolishj
ZMF%&ﬁygng

Disk & UL
337232397753
o O wowee WG 10
- - ——

g AT 55 V8 35

305 -/ _
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/
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5. Asl urry for polishing disk substrates, said slurry
an attacking agent for use in softening a portion of

substrate; and a colloidal particle solution for T I TETTovi
sai d portion of said disk substrate, wherein said jcadll %IéiibR
particle solution is pH adjusted to bqe/eci dic. RO 993 031 1996 4
16 6. A magnetic disk drive, conprising: :

C.onBLl-S 1o
-+t

REPACEMENE SHEET

100




;;1 spi ndl e; a conb-like actuator assenbly; and REPLACEMENESEEET

one di sk, said at |east one disk being rigidly attjaghed to salrd
spindl e and conprising substrate mat eri al and nagretji c 8|
PEAPR,BRs

said substrate materi al havi ng a surface roughnesqy df Al

7. The magnet disk substrate of clai mg/gwherein the process—of
manuf acturing said magnetic di sk substrate conprisgs the steps of:
attacking said substrate nmaterial through the use of a chenm ca
attacki ng agent, said chem cal attacking agent reacting with said
substrate material to soften a portion of said substrate material;
and renmovi ng said portion of said substrate material by usi ng
col | oi dal particles.

Z00 205

FIG. ZA



8. A magnetic disk substrate, conpri sing: subst
havi ng a surface roughness of | ess t han 4A 9.
substrate of claim 8, wherein the process for nman
magneti c di sk substrate conprises the steps of:
said substrate material through the @¥gof a chem
agent, said chem cal attacking agent reacting with
material to soften a portion of said substrate
9 93 031

REPEACBMENBISHEET
* Te—Tagrct ul S
uflact uri i,d

2 50 R g
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17 removi ng said portion of said substrate materi al " H E——
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col | oi dal particles. 10. An apparatus for manufacturing f 2
drive, said disk drive having at |east one disk, said at|least one
di sk being conprised of substrate material and magneti ¢ frat2BiAHR 199y d
‘appar atus conpri sing: means for 2 tacking said substfale materia
t hrough the use of a chem cal at t% i ng agent, said chgm cal
attacking agent reacting with said substrategmaterial to soften a
portion of said substrate material; and M neans for renoving said
portion of said substrate. mat eri al by(‘t@Nng col | oidal particles. 11.
The apparatus of clfarn 10 wher ei p—sard—means—fot renmovi ng further
conprises neans fon applying a colloidal particl¢ solution to said
substrate material, S s s 3 3
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said colloidal particle solution being pH adjusted to be REP

| east one polishing pad. 12. An apparatus for manufpciuring a
magnetic disk substrate, said nmagnetic di sk substrat eimgAWgésed
of substrate material, said apparatus conpri sing: ns for attackijng
said substrate material through the e of a chem cal{ attackiny—agent,
said chem cal attacki ng agent reacting with said subdtrate material to
soften a portion of said substrate material; and means for renoving ~
said portion of said substrate mat eri al by using colloidal particles.

13. A data storage device, conprising:




18 magnetic material, having at | east one surface,

| east one surface having a surface roughness | ess than
data storage device of claim 13, wherein the process
manuf acturi ng said data storage device conprises the
attacking said at | east one surface th pggh t he use of
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e—w-t-k—said_ati

st one surface;

attacki ng agent, said chem cal attackihg nagent react
| east one surface to soften a portion ofgsaid at le
and removi ng said portion of said qrvpdast one surface by
usi ng col | oi dal parti dgrey.
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