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The extensive data storage needs of modern computer systems Fequire
large capacity mass data storage devices. While various data storage
technologies are available, the rotating magnetic rigid disk drive has
become by far the most ubiquitous. Such a disk drive data storage device
25 is an extremely complex piece of machinery, containing precision
mechanical parts, ultra-smooth disk surfaces, high-density magnetically
encoded data, and sophisticated electronics for encoding/decoding data,
and controlling drive operation. Each disk drive is therefore a miniature
world unto itself, containing multiple systems and subsystem, each one of
30 which is needed for proper drive operation. Despite this complexity,
rotating magnetic disk drives have a proven record of capacity,
performance and cost which make them the storage device of choice for a

large variety of applications.

35 A disk drive typically contains one or more disks attached to a
common rotating hub or spindle. Each disk is a thin, flat member having a
central aperture for the spindle. Data is recorded on the flat surfaces
of the disk, usually on both sides. A transducing head is positioned
adjacent the surface of the spinning disk to read and write data.

40 Tncreased density of data written on the disk surface requires that the
transducer be positioned very close to the surface. Ideally, the disk

surface is both very flat and very smooth. BAny surface roughness or



surface is both very flat and very snooth. Any surface roughness or WO
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mai ntain an ideal distance from the recording nedia, and consequently
decrease the density at which data can?be stored on the disk. 5 The disk
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are finished, which typically requires multiple process steps. The broad,
flat data recording surfaces are then lapped to reduce waviness, and

25 polished to a smooth finish, which again may require multiple process
steps. The glass substrate thus formed is then coated with a magnetic
recording layer, and may be coated with other layers such as a protective

layer.

30 The initial cutting of glass disks from the sheets produces rough
circumferential edges at both the outer disk edge and the inner edge of
the central aperture. Even though data is not recorded on the
circumferential edges, the edges must be finished to provide close
tolerances and sufficient mechanical strength. Conventionally, finishing

35 the edge involves multiple process steps. The edges are first ground with
a relatively coarse grinder to obtain a round disk within proper
dimensional tolerances, and subsequently polished. Finally, the disks are
subjected to a chemical strengthening process. Each of these steps adds
to the cost of the disk. Even so, glass disks thus produced have certain

40 drawbacks. For example, the ions implanted during chemical strengthening
can leach out under certain conditions, potentially causing device

failure.



to the cost of the disk. Even so, glass disks thus produced have certain 40
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substrate to a finished state suitable for use in a disk drive data
storage apparatus using at least one edge finishing apparatus. The step
25 of finishing said circumferential edge of said disk substrate preferably

comprises grinding said edge in a ductile grinding regime.

According to another aspect, the invention provides a method for

manufacturing a glass or ceramic disk substrate for a rotating disk drive

30 data storage device, comprising the steps of: providing a ceramic or glass
disk substrate having a cut, unfinished circumferential edge; finishing
said circumferential edge of said disk substrate to a finished state
suitable for use in a disk drive data storage apparatus by application of
mechanical forces using at least one edge finishing apparatus, said

35 finishing step being accomplished without chemical strengthening of said
glass disk substrate. The disk substrate is preferably of a material

which is not chemically strengthenable.

In the preferred embodiment, the substrate material is glass which
40 is not subjected to chemical strengthening in the manufacturing process.
It is further preferred that the substrate be a material which is not

chemically strengthenable, i.e., does not contain significant ion



which is not chemcally strengthenable. In the preferred enbodi nent, the
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the preferred embodiment of the present invention, edge fractures caused
by conventional edge finishing processes are reduced. The reduction in

25 edge fractures substantially increases the mechanical strength of the disk
substrate, to the point where additional process steps, including chemical
strengthening, are not necessary. Accordingly, the number of process
steps is reduced, reducing the cost of manufacture. Additionally, a disk
substrate formed of non-chemically strengthenable glass is in certain

30 respects superior to a conventional chemically strengthened glass disk
substrate, having high temperature tolerance and reduced susceptibility to
failure caused by ion leeching. Higher temperature tolerance may, e.g9.,
be used to advantage by increasing the temperature of the metal sputtering
process, which may provide improved sputtered coatings.

35
The details of the present invention, both as to its structure and

operation, can best be understood in reference to the accompanying
drawings, in which like reference numerals refer to like parts, and in
which:

40



The details of the present invention, both as to its structure and
operation, can best be understood in reference to the acconpanying
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Fig. 1is a sinplified representation of a rotating magnetic disk drive
storage device, in which disks as described herein are installed for 5
use, according to the preferred enbodi nent of the present invention; Fig. 2
illustrates_a finish IS e in accordance with the preferred
enbodi neftE %Wﬁﬂmpﬁl‘?g}c‘)% l'ﬁmfs%gﬁﬁ%\t/sv and a sectional view, 10 Fig. 3 is an
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enbodiment; Fig. 6 is an enlarged view of a grinding wheel fixture of the
20 grinding appatat Usieftrekgs 3fimicheddling swsthetpiefacredrnentdidingif ;
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Wth reference first to Fig. 1 there is shown a sinplified drawi ng of the
maj or conponents of arota Jragnetic, e 100, in
whi ch di sks as®destri®ndy eﬁle %%ﬁa%sjf&}"?gr%rw& %E%&gsrg%\riflge 35 100
t ypi cal | yerpenatisnst gtig - ot - ﬁﬁ?‘é‘fdéﬁ%ot't"nth? Ipéﬁf%‘?r?lése“fﬁ%w “¢h are
pesmanent|ly attached to a common spindle or hub 103 nounted to a base 104.
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parallel to each other an ac 0 (5 Abodigdeh. The
di sks and@<Spfil 8PRHE Bt Y 1?%3 £ " uR] so%lr§ tgh%on%?%%trgés%%edobly a spindle
40 notor.

Fig. 6 is an enlarged view of a grinding wheel fixture of the

20 grinding apparatus of Fig. 3, according to the preferred embodiment;

Fig. 7 is a simplified illustration of the motion of various parts
during operation of the grinding apparatus of Fig. 3, according to the
preferred embodiment; and

25
Fig. 8 is a process flow diagram showing the different process steps

in finishing the edges of a disk substrate, according to the preferred

embodiment .
30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference first to Fig. 1, there is shown a simplified drawing
of the major components of a rotating magnetic disk drive storage device
100, in which disks as described herein are installed for use. Disk drive

35 100 typically contains one or more smooth, flat disks 101 which are

permanently attached to a common spindle or hub 103 mounted to a base 104.
Where more than one disk is used, the disks are stacked on the spindle
parallel to each other and spaced apart so that they do not touch. The
disks and spindle are rotated in unison at a constant speed by a spindle

40 motor.



WO 03/ 024664 PCT/ GB02/ 04160 6 The spindle notor is typically a brushless
DC notor having a nmulti-phase el ectromagnetic stator and a pernanent
magnet roworo3/034se4 di fferent phases of the stator are seqmeemtGmiRloyiedri ven
with a drive current to rotate the rotor. 5 Each disk 101 is fornmed of a
sol i d di sk-shaped base or substrate, héving a hole in the center for the
spindle. In the past, the substrate has typically been alum num but other
materials are possible. In accordance with the present invention, glass or
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di sk(s), tocg gt 1 an, %h}?ﬁ ?gjb ngyeq_.ct uator typically includes a solid

bl ock surroun ng as earing 106 having conb-like arnms 30 extending
toward the disk (which is, for this reason, sonetines referred to as the
"eonb"): a setDash thinecsrdsdermitbassurdaces PAcHEddtH PReligkfsin A  an
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tr ansducer hg%ga* 2@ %o@‘ @‘%.Iﬁeghé Qta&rnﬁlgﬂgileoﬁ.alyéle sﬂ@@@tsal PBas:apposid e the

comb, one” or eac suspension. The a rQt S 3
act uat or $3PpbEIFTHICHE G e PO HEEI T %]Eiac B o 1ae ¢ C 9}:5 EH]&S Zre

oper at i omlsoQpemibhe. h8ach itsagodit furber cViatdechénta &ckumlleﬁeo%éﬁ%‘t%ﬁt
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head, and_ the data can then be read or witten. The actuator notor is
typically an el ectro-magnetic coil mounted on the actuator conb and a set

A moveable actuator 105 positions a transducer head 109 adjacent the

data on the surface to read or write data. The actuator may be likened to

25 the tone arm of a phonograph player, and the head to the playing needle.
There ig one transducer head for each disk surface containing data. The
actuator usually pivots about an axis parallel to the axis of rotation of
the disk(s), to position the head. The actuator typically includes a
solid block surrounding a shaft or bearing 106 having comb-like arms

30 extending toward the disk (which is, for this reason, sometimes referred
to as the “comb”); a set of thin suspensions 108 attached to the arms, and
an electro-magnetic motor 107 on the opposite side of the axis. The
transducer heads are attached to the end of the suspensions opposite the
comb, one head for each suspension. The actuator motor rotates the

35 actuator to position the head over a desired data track (a seek
operation). Once the head is positioned over the track, the constant
rotation of the disk will eventually bring the desired sector adjacent the
head, and the data can then be read or written. The actuator motor is
typically an electro-magnetic coil mounted on the actuator comb and a set

40 of permanent magnets mounted in a stationary position on the base or
cover; when energized, the coil imparts a torque to the comb in response

to the magnetic field created by the permanent magnets.



40 of permanent magnets nounted in a stationary position on the base or
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a force to the transducer heads in a direction into the disk surface. The
25 aerodynamic characteristics of the glider counter this force, and enable

the slider to fly above the disk surface at the appropriate distance for

data access.

various electrical components control the operation of disk drive
30 100, and are depicted mounted on circuit card 112 in Fig. 1, although they

may be mounted on more than one circuit card, and the card or cards may be

mounted differently.

Tt will be understood that Fig. 1 is intended as a simplified
35 representation of a rotating magnetic digk drive, which is merely an
example of a suitable environment for using a glass or ceramic disk
substrate produced in accordance with the preferred embodiment. It does

not necessarily represent the sole environment suitable for such a disk.

40 Tn accordance with the preferred embodiment of the present
invention, the circumferential edges of a glass disk substrate suitable

for use, e.g., in a rotating magnetic disk drive data storage device, are



not necessarily represent the sole environnent suitable for such a disk.
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of brittle fractures. Even where t surface is subsequent y po

a visibly mirror finish using a cerium oxide. polishing agent, some of the
25 subsurface damage remains. Small cracks and surface irregularities can

readily spread in brittle materials, substantially reducing the strength

of the finished part.

The roughness and depth of damage is related to both the relative

30 grinding speed and the size of abrasive particles. Larger sized abrasives
and lower grinding speeds lead to deeper subsurface damage. For
sufficiently small sized diamond abrasives and sufficiently high speed,
the action of the abrasive on the substrate changes to one of smooth
streaking or shaving, leaving virtually no subsurface fracturing. This is

35 referred to as the ductile grinding regime or ductile grinding mode. As
used herein, ductile grinding includes any mode in which the predominant
abrasive action is ductile, even if occasional brittle cracks occur.
Ductile grinding can be expected to produce a very smooth surface, having
a roughness of approximately 50 nm rms or less as measured by an atomic

40 force microscope. As a result of edge grinding in the ductile regime, the
edge is naturally strong; further edge finishing steps, and in particular

chemical strengthening of the substrate, is unnecessary.
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disk. Disks are then cut from the thin glass sheets. Central disk
apertures are cut in the disks at the same time the disks are cut from the

25 sheets. Cutting leaves rough cylindrical edges at the aperture and outer
edge of the disk. Furthermore, the initial glass fabrication process
leaves a certain amount of waviness and surface roughness on the broad,
flat surfaces. Various finishing steps are required to correct these
conditions.

30
In order to finish the broad, flat surfaces, the surfaces are

typically lapped to reduce waviness, and then subjected to polishing in
multiple steps to remove a thin fracture layer in the glass left by
lapping, and to achieve the requisite surface roughness of the recording

35 surface. In the preferred embodiment, the circumferential edges of the
disk are ground as herein described after lapping of the broad, flat
surfaces, but before polishing. However, it should be understood that the
order of performing these operations could vary. After the broad flat
surfaces, and the circumferential edges, of the substrate have been

40 finished, the substrate is coated with a magnetizable layer in a

sputtering operation, and may be coated with additional layers in other
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proportion to its diameter is exaggerated in the sectiomnal view for
25 illustrative purposes. For example, for a typical disk having an outer
diameter of 95 mm and an inner diameter of 25 mm, the glass substrate
should have a nominal thickness of approximately 1.05 mm. As shown, the
disk is a flat, circular member having a circular central hole 201. The
broad, flat surfaces 202, 203 are used for recording data; typically, both
30 sides of the disk are used, although it is possible to use only one side.
The periphery of the disk forms an outer circumferential edge 204. The
central hole forms an inner circumferential edge 205. Both the outer and
the inner edges are finished by ductile mode grinding, as described
herein. The grinding wheels are shaped to provide radii 206 at the
35 junctures of the edges with the broad flat surfaces. Radii reduce the
internal material stresses and formation of cracks at these junctures, and
therefore improve the strength of the finished product. 1In order to
provide improved strength, it is preferred that the radius be no less than
0.175 mm, and specifically, that each radius be approximately a full
40 radius, i.e., that the radius be approximately one-half the thickness of
the substrate, so that the edge profile is semi-circular. However, it

should be understood that these values could vary depending on the disk
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Fig. 4 is an enlarged partial isometric view of grinding apparatus
300, showing in greater detail workpiece mounting fixture 301 and grinding
wheel mounting fixtures 302, 303. Grinding wheel fixture 302 comprises a
pivoting arm 403 supporting a relatively large diameter grinding wheel 401
30 for grinding the outer circumferential edge 204 of disk substrate 200.
Grinding wheel fixture 303 comprises a pivoting arm 404 supporting a
relatively smaller diameter grinding wheel 402 for grinding the inmer

circumferential edge 205 of disk substrate 200.

35 Fig. 5 is an enlarged view (from an angle other than that of Fig. 4)
of workpiece mounting fixture 301l. Workpiece mounting fixture contains a
fixed L-bracket housing 501 which is rigidly mounted to table 305, and
which surrounds an air bearing 502 supporting a rotatable shaft. The
shaft rotates on an axis parallel to table 305, and perpendicular to

40 vertical mounting panel 304. A pulley 410 (not visible in Fig. 5, but
visible in Fig. 4) is attached to the shaft on one side of housing 501,

while a vacuum chuck 503 is attached to the shaft on the other side.



25 Fig. 4 is an enlarged partial isonetric view of grinding apparatus 300,
showing in greater detail workpiece nounting fixture 301 and grinding
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force to a piston (not visible) by means of air pressure. The piston is
coupled to the upper end of pivotable arm 404. An external compressed air
25 source (not shown) applies a constant air pressure to cylinder 608, thus
maintaining a constant force on the piston and a constant torque on arm
404, regardless of the angular position of arm 404. Stops 609, 610 limit
the arc of rotation of pivotable arm 404, preventing further removal of
material when a pre-determined limit has been reached.
30
Grinding wheel fixture 302 is similar in design and operation to
grinding wheel fixture 303, although is supports larger grinding wheel 401
and the dimensions of pivotable arm 403 are different from those of arm
404. I.e., grinding wheel fixture 302 similarly contains a pivotable arm
35 403 in which the pivot is attached to L-bracket 601, which is in turn
mounted to vertical pamel 304; an air bearing supporting a motor-driven
shaft to which is attached grinding wheel 401; and members extending from
IL-bracket 601 which constrain movement of pivot arm 403 and support a
distance indicator, constant force cylinder, and stop mechanisms.
40
Bearing 503, which supports the rotating vacuum chuck and workpiece,

bearing 602, which supports pivot arm 404, and bearing 603, which supports



permtting an accurate neasurenent of the position of pivotable arm 404.
Constant force cylinder 608 is an enclosed cylinder for applying constant
force to wopBmeesm (not visible) by nmeans of air pressure. PCHSGHERAIGN | S
coupled to the upper end of pivotable arm 404. An external conpressed air
25 source (not shown) applies a constant3air pressure to cylinder 608, thus
mai ntai ning a constant force on the piston and a constant torque on arm
404, regardless of the angul ar position of arm 404. Stops 609, 610 limt
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a constant force 704 is applied to pivot arm 404 of grinding wheel

fixture 303 by a corresponding constant force cylinder, and is transmitted
25 through the pivot arm to point of contact 702. The constant force

cylinders thus maintain a controlled and constant force of the grinding

wheels against the workpiece during operation. When the pivot arms have

traveled a sufficient angular distance as a result of grinding, the arms

encounter the stop mechanisms above described (not shown in Fig. 7), and
30 further movement of the pivot arms is arrested, thus preventing further

removal of substrate material.

Fig. 8 is a process flow diagram showing the different process steps

in finishing the edges of a disk substrate. Initially, a single disk

35 substrate 200 is loaded to edge finishing apparatus 300 by applying a
vacuum to vacuum chuck 503 and placing the disk substrate on the chuck
(step 801). Large and small grinding wheels 401, 402 are attached to
rotating shafts at the ends of pivot arms 403, 404. The grinding wheels
loaded at this stage are for coarse (non-ductile) grinding to remove

40 sufficient material to bring the disk substrate near nominal diameter and
concentricity. Specifically, it is preferred that the large grinding

wheel 401 used for coarse grinding be a vitrified bond diamond formed



directions at the point of contact 701. Simlarly, a circunferential edge
of grinding wheel 402 and the inner circunferential edge of disk 200 nove

i n opposiwe wdicesseti ons at the point of contact 702. A conrariBizoswe 703 20
is applied to pivot arm 403 of grinding wheel fixture 302 by the constant
force cylinder, which is transmtted thtdugh the pivot armto point of
contact 701 as a substantially radial force on substrate 200. Simlarly, a
constant force 704 is applied to pivot arm 404 of grinding wheel fixture
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encounters a stop, and can no longer rotate to remove further material.

25 At this point, grinding force drops essentially to zero, and the grinding
machine is stopped. In the preferred embodiment, the coarse grinding of
the OD takes. approximately one minute or less, and removes material at a
rate of approximately 250 microns/min, it being understood that this is
only an estimate and not a process parameter, since the actual end of the

30 grinding step is determined by the position of the pivot arm.

An analogous process is then used to grind the inner circumferential
edge (step 803). I.e., wheel 402 and disk 200 are simultaneously rotated,
while a constant air pressure is applied to the constant force cylinder at

35 the top of pivot arm 404. During this stage, pivot arm 403 is disengaged,
so that no grinding is performed at the OD. In the preferred embodiment,
wheel 402 is rotated at a speed of approximately 25,000 rpm, while the
disk is simultaneously rotated at a speed of approximately 100 rpm. The
air cylinder applies a grinding force of less than 5 pounds at the point

40 of contact. The same slurry is used as was used in step 802. Coarse
grinding continues until pivot arm 404 encounters a stop, at which point

grinding force drops essentially to zero, and the grinding machine is



the top of pivot arm403. During this stage, pivot arm 404 is di sengaged,
15 so that no grinding is performed in the ID. In the preferred enbodi nent,
wheel 40Iwo3neieat ed at a speed of approxi mately 4000 r pmpCaiGBoe/ottse di sk
is sinultaneously rotated at a speed of approximately 100 rpm Air

pressure is supplied to provide a snallt5grinding force (less than 5

pounds) normal to the surface at the point of contact. A grinding slurry,
20 which is preferably a | ow percent age (200 or less) glycerol or propylene
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The outer edge of the substrate is then ground in the ductile
grinding regime (step 805), by again simultaneously rotating grinding
wheel 401 and substrate 200, while applying a constant force with the air
cylinder to the top of pivot arm 403. In the preferred embodiment, wheel
30 401 is rotated at a speed of approximately 4000 rpm, while the disk is
simultaneously rotated at a speed of approximately 100 rpm, giving a
relative speed of approximately 30 m/sec at the point of contact between
the grinding wheel and disk edge. Air pressure provides a grinding force
normal at the point of contact of less than 5 pounds. A grinding slurry,
35 which is preferably the same as the slurry used in coarse grinding, is fed
to the grinding surface during ductile grinding. .Ductile grinding
continues at substantially constant parameters until sufficient material
is removed so that the pivot arm 403 encounters a stop, and can no longer
rotate to remove further material. At this point, grinding force drops
40 essentially to zero, and the grinding machine is stopped. In the ductile
grinding regime, a thin layer of surface material, approximately 50

microns thick, is removed, this being gufficient to remove virtually all



pol ycrystal li ne di anond particles approximately 6 mcrons in size or |ess,
and a di aneter of approximately 150 mm and the small grindi ng wheel 402
used for woaBiokesegrinding at the IDis also a vitrified diramorb2oorsd
formed grinding wheel of 6 mcron or |ess polycrystalline dianonds, 15
having a di ameter of approximately 23 n® As with the coarse grinding
wheel s, the wheels used for the ductile grinding stage are suitable
dressed or forned to conformto edge radi uses 206. The edges are then
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approx1mately 30 m/sec or more. However, it will be recognized that in

some cases it may be necessary to use a lower speed, e.9., because the
25 finishing apparatus is not capable of such high speeds, and for at least
some combinations of process parameters, a relative speed of 20 m/sec or
more is believed to be adequate to produce acceptable finished edges.
Such speeds could alternatively be achieved at lower grinding wheel speeds
by simultaneously increasing the speed of the workpiece (disk). A wider
30 range of grinding speeds could be used in the coarse grinding stages, but
the relatively high speed is used in the preferred embodiment to achieve

rapid material removal.

The edges of the disk having been finished, the disk is then
35 unloaded from the grinding machine (step 807).

It will be understood that the order of certain operations in Fig. 8
could be changed, and in particular, that the order of steps 802 and 803
could be reversed, and the order of steps 805 and 806 could be reversed.,
40 or that both coarse and ductile grinding of one edge might be performed

before any edge finishing operations are performed on the other edge.



while the disk is sinmultaneously rotated at a speed of approxi mately 100
rpm giving a relative speed of approxinmately 30 m sec at the point of 10
contact baowssmethe grinding wheel and di sk edge, being aporwsw@tsby the
sanme rel ative speed as that used for ductile grinding the OD. A grinding
force of less than 5 pounds is applied &t the point of contact. The same
grinding slurry that was used for OD ductile grinding is used for ID
ductile grinding. Ductile grinding of the ID continues until pivot arm 15
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w Il be appreciated that, for..routi UgE_ pro ous 5
modi fi cati ons fayopE: egfléldtl he th? ‘len%dﬁ]ﬁagsqmw%r at lE,lqg ﬂlfjgllgﬁblalng&?éodum ng

contact with disk substrate 200, in fact in prototyplng operatlons

and outer edge grinding operations are performed one after the other, as

25 described above and shown in Fig. 8, so that both grinding wheels do not
simultaneously contact the workpiece. This is done to avoid vibration or
other effects of one grinding operation interfering with the other.
However, it may be possible to achieve acceptable results performing both
operations concurrently. I.e., it may be possible to perform steps 802

30 and 803 concurrently, and/or to perform steps 805 and 806 concurrently.
In production mode this would be a desirable method if acceptable results
can be thereby achieved, because it shortens the time required for edge

finishing operations.

35 Tt will be understood by those skilled in the art that certain
trade-offs exist among many of the process parameters described above, and
that the parameters described above as part of the preferred embodiment
are but one example of a set of possible parameters, which are believed to
give a relatively low total process cost given currently available cost

40 constraints. It is possible that many variations exist which could
produce acceptable finished disk substrates, but which would vary the

components of the total process cost. For example, the type of grinding



di sks in accordance with the preferred enbodinent. In particular, for high
vol ume production, it would be preferable to avoid a nanual operation of
swi t chi ngwbrosmeaecoarse to a fine grinding wheel during treTacipe/o4mni ndi ng
operation, described above as step 804. This could be 10 acconplished by
nmounting a pair of grinding wheels in pafallel alignment, rotating about a
commopn axis on a single rotating spindle, one wheel being used for coarse
grinding and the other for ductile grinding. A nmechanism would be provided
for novi ng, &ht Hey other %EMtggﬁ dekd 8in thd@odb&K yrofdihhestegei mdjhagoarheel s in
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shown in Fig. 8, 'so that both grinding wheels do not sinultaneously
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preferred® |rrent are but one exanple of a set of possible paraneters,
which are believed to give arelatively |ow total process cost given
cwo ent |y avai raldte poster4€d eohstimainht $he | gubissrafesss ok sHBEChEth
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25 in brittle materials such as glass and ceramic significantly affect the
break strength of the material. A finishing process which produces
virtually no fracturing therefore produces a much stronger disk. The
strength of a disk produced in accordance with the preferred embodiment is
believed to be sufficient for application in typical disk drive storage

30 devices without the need for chemical strengthening, and it is therefore
recommended that chemical strengthening be foregone. The elimination of
chemical strengthening has several beneficial effects. Most obviously, it
removes process steps (e.g., an ion exchange step and a cleaning step),
and reduces the cost of the manufacture accordingly. But it also has the

35 potential to provide a superior finished product. A chemically
strengthened disk or disk made of chemically strengthenable glass, having
ion impurities, is subjecf to ion leaching under certain conditions. This
leaching occurs over time, is typically not detected during manufacture,
and may be so severe as to cause operational failure of the disk drive

40 after installation in a user’s data processing system. Additionally, a
disk made of chemically strengthenable glass will rapidly leach ions under

high temperature conditions, limiting the temperature of subsequent disk



increase the time or other cost factors involved in the coarse grinding
stage, but at the sane tine reduce tine or other cost factors involved in 5
t he ductiwe ogne4sed ng stage. Alternatively, it may be possipairs&GRoe/0860i d a
coarse grinding stage altogether if the process used to initially cut or
formthe disk substrates provides partslglhi ch are sufficiently close to
specification. Additionally, various alternative slurry conpositions,

types of grinding wheels, etc. mght be used. 10 In the preferred
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25 chemical strengthening step. However, in one aspect of the present
invention, a disk is produced having one or more circumferential edge
radii as described herein, without necessarily employing ductile grinding

or omitting a chemical strengthening step.

30 As described earlier, a glass disk substrate produced in accordance
with the preferred embodiment is suitable for use in a rotating magnetic
disk drive data storage device. However, such an application is not
necessarily the only application in which a glass disk substrate produced
in accordance with the present invention may be used. For example, there

35 may be other data recording techniques, now known or hereafter developed,
which require a glass or ceramic disk substrate. Data may, e.9. be
recorded on disk surfaces in an optically encoded form, or in some other
form. TIn this case, there may be certain variations in disk structure
from those described above, e.g., the absence of a magnetizable layer.

40 Additionally, there may be other layers not described herein, either now

known or hereafter developed, which are deposited over the glass disk



WO 03/ 024664 PCT/ GB02/ 04160 19 processing steps. There is reason to
believe that higher tenperature sputtering operations wll produce a nore
uni f or m magrae4ebl e | ayer, which may facilitate higher rer@Riz0gi60
densities and/or inproved reliability. For all these reasons, glass which
is not chenmically 5 strengthenable is us@d in the preferred enbodi nent.
However, it would alternatively be possible to finish the circunferenti al
edges of a disk as described herein using a chem cally strengthenable
material, sand 40 £0efiGaltyccsts eRgthenubberasubst hateraahterishaiheedge
finishing for even jincreased strength. It would additionally be possible
to use a BREM CalTY™1b” st rengt henabl e material (which may be nore readily
avai l abl e than material which is not chem cally strengthenable due to the
preval ence of ahewdugala spbeetigt dremidingeritn of orreeitviephddn dis Koekh ndisieilpgpd

pr cg](c:essez Llcﬁxﬁgﬂgié}? cté'kEE&'n%’ ﬁlt%&r?nBtiJé%, C%t? %Qtﬂlbesu&iggmﬂliomhhﬁbepbkia&d ﬂn: he
preferred _enbodi nen Qt, e_inner di.aneter c .caperture
and the olP®r™di Wit %?‘plce{doréalqﬁér nrs elalnggr ?ﬁ‘lgs éghasgydbeesfcﬁ%?ét’)gdt%%r ei n.
However , ﬁbenﬁvpakﬁeFhﬁﬁpgéﬂynﬁéﬂﬁd§§ibIe to finish only one of the edges
according to the present invention, e.g., the outer edge, where | arger
stresses can be expected, and to finish the other edge 20 by sone ot her,
possi bly | ess exacting, process, or to not finish the other edge at all,
depending on the process used to initially formthe edge. In the preferred
enbodi nent, a glass or ceramc disk is produced having an edge radius, by
grinding in the ductile reginme and omtting a 25 chem cal strengthening
step. However, in one aspect of the present invention, a disk is produced
havi ng one or nore circunferential edge radii as described herein, wthout
necessarily enploying ductile grinding or omtting a chem cal

strengt hening step. 30 As described earlier, a glass disk substrate
produced in accordance wth the preferred enbodinent is suitable for use
in arotating magnetic disk drive data storage device. However, such an
application is not necessarily the only application in which a glass disk
substrate produced in accordance with the present invention nmay be used.
For exanple, there 35 nay be other data recording techniques, now known or
hereafter devel oped, which require a glass or ceramc disk substrate. Data
may, e.g. be recorded on disk surfaces in an optically encoded form or in
sone other form In this case, there may be certain variations in disk
structure fromthose described above, e.g., the absence of a nagnetizable
| ayer. 40 Additionally, there may be other |ayers not described herein,
ei t her now



known or hereafter devel oped, which are deposited over the glass disk WO
03/ 024664 PCT/ GB02/ 04160 20 substrate after manufacture of the substrate

i n accor daoas/onmebh the present invention. Al though a spe@cfiiGBoemmdi ment
of the invention has been disclosed 5 along with certain alternatives, it
will be recognized by those skilled in 2the art that additional variations
in formand detail nmay be made within the scope of the follow ng clains:
WO 03/ 024664 PCT/ GB02/04160 21 CLAIMS 1. A nethod for nmanufacturing a

gl ass or ceram c disk substrate for a cora@iati ng disk drive data storage
device, conprising the steps of: 5 providing a ceram c or glass disk
substrate having a circunferential edge; |oading said disk substrate to an
edge fi ni §hi ngRapraeaties; nadacyyrigsihdintf SAi ePeM¢ ek raher @ teele 2of

sai d di skrsthshg alieki dridre @itet bterageidudiiog, rcegpmnipiugithg stEpd etkge fini shing
apparatus. 2. The nethod for manufacturing a glass or ceramc disk
substrate of 15 claim1, wherein said disk drjv ta stora Vi LS a
rotating magn8FTE4PEIR GFTMECdat gi% Sordéalg X e\si‘ll“]&ag,ed%%i\flagcﬁ fﬁggu%gf%%eigh

bei ng subS¢gfuently coated with a magnetic coating after said grinding
step. 3. The nethod for manufacturing a glass or ceramc di sk substrate of

20 claim 1, furbhen,comprhsiindulhe.sLan of LQ8re8ighiMdbpth.88idh ana
circunferential edgé in a non-ductile node, said step of coarse grinding
sdi’d circunferential edge in a non-ductile node bei ng performed before

sai d step of geriuling waddoiEcretatcarEHt Page é’ég%aiidndhsqﬂﬁé??tlrét@r:‘i“nai ng

regi me. 2%3uéciléhgrimaihpdefiie MBRMY aeidifeligg Engblaisg agpacera ¢ di sk
substrate of any preceding claim wherein said disk substrate contains an

outer circunferential edge at .the periphery thereof. and a central erture
defining &n i nf8y "tﬁtg%%%f’gr%aﬁ’tuif%cfm‘fég“g%,a gﬁa swﬁ]ércéalrﬁmlsca;&asﬁrsiuﬁsd'}rr?gesct?ﬁ;p is
305appl i eglain Botwhesain seid eiski ¢upf BtentiarIedfFies i§af FUPsK 9Substrat e

and to sahkéhdtABediski afiiefl ei@nbtalagedyeicsd, sihe diekhodstortenbaidsact uring a
glass or %ﬁﬁéﬁgﬁgnéuysKoéﬂgas&fé%tQ ﬁgénetic coating after said grinding step.

3. The method for manufacturing a glass or ceramic disk substrate of
20 claim 1, further comprising the step of coarse grinding said
circumferential edge in a non-ductile mode, said step of coarse grinding
said circumferential edge in a non-ductile mode being performed before
said step of grinding said circumferential edge in a ductile grinding
regime.
25
4. The method for manufacturing a glass or ceramic disk substrate of
any preceding claim, wherein said disk substrate contains an outer
circumferential edge at the periphery thereof and a central aperture
defining an inner circumferential edge, and wherein said grinding step is
30 applied to both said outer circumferential edge of said disk substrate and

to said inner circumferential edge.

5. The method for manufacturing a glass or ceramic disk substrate of
claim 1, wherein said grinding step comprises grinding said edge with a
35 formed grinding appliance conforming to an edge radius at said

circumferential edge.

6. The method for manufacturing a glass or ceramic disk substrate of
claim 1, wherein said grinding step comprises bringing a grinding

40 appliance of said edge finishing apparatus in contact with said
circumferential edge and providing relative motion between said grinding

appliance and circumferential edge of approximately 30 m/sec or more.



claim1l1, wherein said grinding step conprises grinding said edge with a 35
formed grinding appliance conformng to an edge radius at said

ci rcunf erwotisabcedge. 6. The nethod for nanufacturing a glPassGEmR/0eEDaM C

di sk substrate of claim1, wherein said grinding step conprises bringing a
grinding 40 appliance of said edge fini ¢hing apparatus in contact with said
circunferential edge and providing relative notion between said grinding
appliance and circunferential edge of approximately 30 mlsec or nore. WO
03/ 0246647 PCT/ 1(%01%&91%116901: %gnjfacIrﬁngES @ng Oy BBFHMiaCiink B rgtassE or

cerani c disk substrate of n_saij_d i ppar at us
conpr i sescj?i‘lﬂrJr'nHP??bemaﬁﬁdi Sﬂ%e rpﬁré%/slhﬁag di pgarat s a(r%glgcf%s %?Emn&

oprpiom mately 6
m crons orppllésse Ba@lngTHEemepd mt%@resmwﬂoaé?}&ff?ﬁa%ﬁg‘r%gﬂ%r P ¢ di sk
substrate of claim1, wherein said glass or ceram c disk substrate is
fipished for +&Sh@4ﬂoﬁt EQn mlaﬂuﬁcghﬁlﬁgdy ga@sgasla cEEQNIR0G: Sk ViR rakd haut

chenmical strengthenin di sk substr d r
manuf act UG Ja ghaeg ™, F’ajcde?g?ﬁs °8i s r"’lsu(f)sdtlr at e %? rate lggfﬁg?’e%?na&gl ai m

wher ei n shisgaglardon om eedims érﬂd{esﬂa"smEé?‘faz?teed‘?‘élcﬁfw%hoﬁ’fétc@?‘i“’a‘i Ywhi ch is not
cheni cal | st 2hgengiherabkeia 80sk Aubsisdatbor a rotating disk drive data
storage device, conprising a 15 disk-shaped glass or ceramc substrate

which is finished for jnstalla in_a disk drj a ce,
whérei n sdid df¥k e oﬁl“ﬁg’ééac(gumngr &nic8 ISCF gi%nelql E%n%%%%tg?@ é

st r engt hewred pradeding d41§kmf ohereiopatd GgatH §P<” %ﬁﬁaf}‘éc ek SPsFRYE dRvite
conpri si ngatri2D Wik sk -ishape dhenthatl Iate redgtdlanaisleof a gl ass or ceram ¢
material which is not chemcally strengthenable. 12. The disk for a

rotating disk drive data storage device of.  claj ohenel Ry sai d
di sk- shapt¥ sub<tirht &% Srrf)‘?ta%rgq & r ok e(jlra%a Strgirggd d%léel havi n Ilﬂyradl us.

135 The dits¥-Ebaped gbisst PRgFedpric gEbsieagatgish dﬁa@éﬂ]&@@?&@rofn%ﬁ g}?ﬁlfﬁ or
11, wher eim sSaisk dirs¥e shapedosadsirate, haseraicertidadisipehrangdes’deti o ng  an

i nner ci r gunf erent el dge JRdltks aNd WhesgtResal.d di sk-shaped 30
substrate has a first circunferential edge radius at said inner

circunferential edge, and a second circunferential edge radius at an outer
ci rcunferehti ab ddgefether sofating digheirdive Kacgr S AT Vh‘@e’dflgrkpr&tsf% dat a
stxer age devdicen@fedcha@mdtrife WBEclrislds o gtadrerr conprisimyedafngrehi & Fajer

for recordjng opgnetigalh¥nagacoded data on at |east one surface of said
di sk.

12. The disk for a rotating disk drive data storage device of claim 10
or 11, wherein said disk-shaped substrate comprises a circumferential edge

25 having a radius.

13. The disk for a rotating disk drive data storage device of claim 10
or 11, wherein said disk-shaped substrate has a central aperture defining
an inner circumferential edge radius, and wherein said disk-shaped

30 substrate has a first circumferential edge radius at said inner
circumferential edge, and a second circumferential edge radius at an outer

circumferential edge thereof.

14. The disk for a rotating disk drive data storage device of claim 10
35 or 11, further comprising a magnetic layer for recording magnetically

encoded data on at least one surface of said disk.

15. The disk for a rotating disk drive data storage device of claim 10
or 11, wherein said disk-shaped substrate comprises a circumferential

40 edge finished by a process of grinding in a ductile regime.



15. The disk for a rotating disk drive data storage device of claim10 or
11, wherein said disk-shaped substrate conprises a circunferential 40 edge
fini shed wp ma/opreecess of grinding in a ductile regi ne. WOPEI/CQEMO640

PCT/ GB02/ 04160 23 16. The disk for a rotating disk drive data storage
device of claim 12, wherein said circufferential edge radius is at |east
0.175 mm 17. The disk for a rotating disk drive data storage device of
claim12, 5 wherein said circunferential edge radius is approximtely
one-hal f jthe widihof,sal dodirsks Sharesistbhsithaterabe tdeeied reuttament i al

edge thereof, ~sald substrate havi an..edge ~segch [n a plane of
the di sk "ARFe® Eﬁﬁrcilgflﬁrgeﬁ%etrlg% i eﬁ/dlagglesmgg gilse%c?e(?'tll?g%ln\& A rotating

di sk drive data storage device, conprising: a disk drive base; a rotatably
mount ed divsk amd spikndbe aasserthhy,disai dridesdetandtapoadieyicd Dagkdplsy

cofpri si ng ak; | %Q%& AREufHeS Kn i8S ChfeMBLhig BN YipPfoxGhatdly dfk-halr ¥he and at

| east one transducer .mechani sm for. accessi a sded, lods at
| east ond"iShP rdc8 6t L F ape esgg?tr(%%% %‘l %Eg cgg&?mf PEiGeCedil cidleds

said substrate having an edge cross-section in a plane of the disk axis

comprising approximately a semi-circle.
10 i8. A rotating disk drive data storage device, comprising:

a disk drive base;

a rotatably mounted disk and spindle assembly, said disk and spindle

15 assembly comprising at least one disk as claimed in any of claims 10 to

17; and

at least one transducer mechanism for accessing data recorded on

said at least one surface of said at least omne disk.

20



