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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and an apparatus for

forming steak patterns on a disc in which streak patterns having a

predetermined angle of intersection are formed on the disc such as a

magnetic disc or the like.

2. Description of the Prior Art

In recent years, the capacity of a magnetic disc increases at a

high rate, and in the near future, it is expected that a magnetic disc will

have a capacity capable of storing information of several giga bites.

With such a magnetic disc having a great capacity and a high

density, in order to enhance its magnetic property, it is desirous to
provide a surface of the disc with streak patterns having an angle of
crossing or intersection ranging from 20 degrees to 30 degrees, as

clearly illustrated in Fig. 10.

A known streak pattern forming technology for a magnetic disc
of this kind is illustrated in Figs. 11(a) and 11(b). Fig. 11(a) is a
,scherhatic plan view showing a polishing step, and Fig. 11(b) is_ a
schematic view showing a texturing step in which streak patterns are
formed on a surface o_f a magnetic disc after being subjected to a

polishing process.



-

A known streak pattérn forming technol ogy for a magnetic disc. of this. kindii.:
Is illustrated in Figs. -11(a) and 11(b). Fig. 11 (a) is a schematic plan

vi ew showi ng a polishing step, and Fig. 11(b) is a schematic view showing a
texturing step in which streak patterns are formed on a surface of a

magnetic disc after being subjected to a palishing process. 2

Specifically, in the polishing step of Fig? 11(a), a nmagnetic disc 200

havi ng a undercoat or basic |ayer formed on a surface of a substrate is
inserted into a work holding bore 112 in a carrier 110. Then, the nagnetic

disc 200 is clanped vertically by neans of an upper clanp and a | ower ‘clanp

(not illustrated) w t8pkbificadly| irethd Polishing st of &ig M 1 {a)a aSmagnetic dise

and with an internal gear 120 for revolution around the sun
200 having a undercoat or basic layer formed on a surface of a substrate
is inserted into a work holding bore 112 in a carrier 110. Then, the
magnetic disc 200 is clamped vertically by means of an upper clamp and
a lower clamp (not illustrated) with the carrier 110 being engaged with a
sun gear 100 and with an internal gear 120 for revolution around the sun
gear 100 as well as for rotation on its own axis. At the same time, the
upper clamp and the lower clamp 130 are caused to rotate in the
opposite directions with respect to each other to thereby polish the
magnetic disc 200. With this polishing process, the underlayer of the

magnetic disc 200 is polished to a substantially compiete flat surface

having a roughness of 10 A.

After the magnetic disc 200 has been polished in this manner,

. it is transferred to a texturing process.

In this texturing process, a tape 140 is made in contact at its
abrasive grain surface with the flattened surface of the magnetic disc
200 and reciprocatively moved in a radial direction of the magnetic disc

200 while the magnetic disc-200 is being rotated.

As a result, as shown in Fig. 10, streak patterns with a crossing
or intersecting angle in the range of from 20 degrees to 30 degrees are
formed on the flat polished and abraded surface of the magnetic disc

120.

However, the above-described known streak pattern forming

technique involves the following problems.



gear 100 as well as for rotation on its own axis. At the sane tine, the

upper clanp and the lower clanp 130 are caused to rotate in the opposite
directions with respect to each other to thereby polish the nagnetic disc
200. Wth this polishing process, the underlayer of the magnetic disc 200
I's polished to a substantially conplete fla surface having a roughness of
10 AL After the magnetic disc 200 has been polished in this manner, it is
transferred to a texturing process. In this texturing process, a tape 140 .
is made in contact at its abrasive grain surface with the flattened surface
of the magnetic disc 200 and reciprocativeggéggéed I n radi al direction of

the magnetic di sc 200F fBf| Bamke RFRGRES step 088s PRESRNG. ofl@aning agnd
result, as shown in Fig. 10, streak patterns with a crossing or
i ntersecting ¥dudng steps anshithe kefarenrenyingsyuatissatisfagterygstseak pasterosned
on the flat polished and abraded surface of the magnetic disc 120.
have been formed, as shown in Fig. 10, so that the entire process steps
take a relatively long time, and facilities for fabrication as well as the

cost of manufacture become high.

Moreover, since in the texturing step, the magnetic disc 200 is
abraded or ground by means of the tape 140 having fixed abrasive
grains, burrs, warpage and the like of several angstroms are formed on
the surface of the magnetic disc 200, as a consequence of which the
magnetic propérty thereof is not so enhanced and the accuracy of

finishing is considerably low.

SUMMARY OF THE INVENTION

Accordingly, the present invention is intended to solve the
above-described problems and has for its object to provide a disc streak
pattern forming method and apparatus which can form fine streak
patterns with a single process step, and in which the angle of crossing or
intersection of the streak patterns can be arbitrarily adjusted in a precise
manner, thereby reducing the cost of production facilities and the ‘cost of
manufacture as well as enhancing the magnetic property and the

finishing accuracy of the polished disc.

In order to achieve the above object, in accordance with one
aspect of the present invention, there is pfovided a disc streak pattern

forming method for use in polishing a disc having a surface and a center,



However, the above-described known streak pattern form ng technique

I nvol ves the follow ng probl ens. 3 First, many process steps such as
pol i shing, cleaning and texturing steps and the like are required until
satisfactory streak patterns have been formed, as shown in Fig. 10, so that
the entire process steps take a relatively long tine, and facilities for
fabrication as well as the cost of manufact®ure becone hi gh. Mor eover, since
in the texturing step, the magnetic disc 200 is abraded or ground by neans
of the tape 140 having fixed abrasive grains, burrs, warpage and the |ike
of several angstrons are forned on the surface of the magnetic disc 200, as

a consequencethd mgthol ddmprisiethecstepspef:ty thereof is not so enhanced and
t he accuracy of _
providing a ring-shaped polishing means having a central axis
and defining a central bore therein;

placing the ring-shaped polishing means in contact with the
surface of the disc, with at least one portion of the surface disposed
inside the central bore of the ring-shaped polishing means;

driving the ring-shaped polishing means to revolve about the
center of the disc; and

driving the ring-shaped polishing means to rotate around its
central axis,.

| whereby the surface of the disc is polishéd and provided with
streak patterns by the ring-shaped polishing means.

In a preferred form of the method, the surface of the disc is
annular and has an annular band area with a radially outer periphery and
a radially inner periphery defining a radial width therebetween, and the
central bore of the ring-shaped polishing means has' a diameter equal to
or gréater than the radial width of the annular band area of the ring-
shaped polishing means.

In another preferred form of the method, the surface of the disc
is annular and has a radially outer periphery and a radially inner
periphery, and the ring-shaped po_lishing means comprises at least one
ring-shaped polishing pad, the at least one ring-shaped polishing pad
being disposed in such a manner that the radially outer periphery and
the radially inner periphery of the at least one portidn of the surface of

the disc are both disposed inside the central bore of the at least one



pr esent

for its object to provide a disc streak pattern form.ng nethod and
~apparatus which can formfine streak patterns with a single process step,
and in which the angle of crossing or intersection of the streak patterns

can be arbitrarily adjusted in a precise nenner, thereby reducing the cost
of production facilities and the cost of manufacture as well
the magnetic property and the finishing accuracy of the polished disc.

order to achieve the above object, in accordance with one aspect of the

present invenghgishdgedS polisShiigoyadled a disc streak pattern form ng nethod

for use in polisShing a disc having a surface and a center,

In a further preferred form of the method, the surface of the disc
is annular and has a radially outer periphery and a radially inner
periphery, and the ring-shaped polishing means comprisés a plurality of
ring-shaped polishing pads, and the method further comprising the steps
of: |

disposing the plurality of ring-shaped polishing pads about the
center of the disc in such a manner that the radially outer periphery and
the radially inner periphery of the at least one portion of the surface of
the disc are both disposed inside the central bore of each of the ring-
shaped polishing pads; and |

subjecting the respective ring-shaped polishing pads to the
contacting, revolving and self-rotating ste‘ps.

In accordance with another aspect of the invention, there is
provided a disc streak pattern forming apparatus for use in polishing a

disc having a surface and a center, the apparatus comprising:

ring-shaped polishing means having a central axis, a central -

bore and a working surface in contact with the disc; and

a drive unit supporting thereon the ring-shaped polishing means
in such a manner that at least a portion of the surface of the disc is
disposed inside the central bore of the ring-shabed polishing means, the
drive unit being operable to revoive the ring-shaped polishing means
around the center of the disc and rotate the ring-shaped polishing means
about its central axis while maintaining contact with thé surface of the.

disc, thereby polishing the surface of the disc and forming streak

as enhanci ng
I n

. —

finishing i s considerably low. SUMMARY OF THE | NVENTI ON Accordingly, the i il
I nvention is intended to sol ve the above-descri bed probl ens and has



t he met hod conprising the steps of: providing a ring-shaped palishing rrea,r_\fs-:;-’.'_f.

having a central axis and defining a central bore. therein; placing the

ri ng- shaped polishing neans in contact with the surface of the disc, with
at | east one portion of the surface disposed inside the central bore of the
ri ng-shaped polishing nmeans; driving the ring-shaped polishing neans to
revol ve about the center of the disc; and q{iving the ring-shaped polishi.ng
nmeans to rotate around its central axis, whereby the surface of the disc is
pol i shed and provided wth streak patterns by the ring-shaped polishing
means. In a preferred formof the nethod, the surface of the disc is
annul ar and has an annul ar band area with a radially outer periphery and a
radi al |y i nnepafterntteengotief i ni ng a radi al width therebetween, and the
central bore of the ring-shaped polishing nmeans has a dianmeter equal to

In a preferred form of the apparatus, the drive unit comprises:

revolving means having a center and capable of revolving
around the center of the disc;

self-rotating means mounted on the revolving means for rotation
relative thereto; and

driving means for driving the revolving means to revolve around
the center of the disc and for driving the self-rotating means to rotate the
ring-shaped polishing means about its central axis while maintaining
contact with the surface of the disc, so as to polish the surface of the
disc and form streak patterns thereon.

In another preferred form of the apparatus, the surface of the
disc is annular and has an annular band area with a radially outer
periphery and a radially inner periphery defining a radial width
therebetween, and the central bore of the ring-shaped polishing means
has a diameter equal to or greater than the radial width of the annular
band area of the ring-shaped polishing means. |

in a further preferred form of the apparatus, the surface of the
disc is annular and has a radially outer periphery and a radially inner
periphery, and the ring-shaped polishing means comprises at least one
ring-shapéd polishing pad, the at least one ring-shaped polishing pad
being disposed in such a manner that the radially outer periphery and
the radially inner periphery of the at least one portion of the surface of
the disc are both disposed inside the central bore of the at least one |

ring-shaped polishing pad.



or greater than the radial width of the annular band area of the r|ng

shaped polishing neans. In another preferred formof the nethod, the
surface of the disc is annular and has a radially outer periphery and a
radi ally inner periphery, and the ring-shaped polishing neans conprises at

| east one ring-shaped polishing pad, the aty;|east one ring-shaped polishing
- pad being disposed in such a manner that the radially outer periphery and
the radially inner periphery of the at |east one portion of the surface of
the disc are both disposed inside the central bore of the at |east one

ri ng- shaped poli shi n? pad. In a further preferred formof the nethod, the
surface of the disc IR aafiwiher pselerrad farm of e apparatuspdhe msfaceod the

radially inner periphery, and the ring-shaped polishing neans conprises a
plurality of disc is annular and has a radially outer periphery and a radially inner

periphery, and the ring-shaped polishing means comprises a plurality of
ring-shaped polishing pads disposed about the center of the disc in such
a manner that the radially outer periphery and the radially inner
perfphery 6f the at least one portion of the surface of the disc are both
disposed inside the central bore of each of the ring-shaped polishing
pads.

In a further preferred form of the apparatus, the revolving
means has a teethed portion formed on its outer periphery; and the self-
rotating means comprises a shaft member rotatably supported on the
revoiving' means, a mounting member mounted on one end of the shaft
member and hav'ing one end extended from the revolving means, thé
ring-shaped polishing means attached to the extended end of the
mounting member, ahd a driven gear wheel mounted on the other end of
the shaft member; and the driving means comprises a first motor having
a .first drive gear wheel in meshing engagement with the teethed bortion
of the revolving means for driving the revolving means through the
meshing engagement of the first drive gear wheel and the teethed
portion, and a second motor having a second drive gear whleel in
meshing engagement with the driven gear wheel of the self-rotating
means for driving the self-rotating means through the meshing
engagement 6f the second drive gear wheel and the driven gear wheel.

In accordance with a further aspect of the invention, there is

provided a disc streak pattern forming method for use in polishing a disc
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ri ng- shaped polishing pads, and the nmethod further conpri si'hg'-t'he st eps 'of-'.':":-";"':'-:'f'-"'-"'

di sposi ng the HI wa it O,E ri nﬁ- s‘gaped pol i shi ng pads about the center of
the disc in sucgh &; atiadfic radially outer periphery { The . .
radial |y inner perf rl I at | east one portion of the jsur ﬁ_igTHf‘ﬁﬁEEN H

disc are both dis e central kore of each of tHe—rin ?ﬁﬁ)ﬁéﬁ
~polishing pads; and subjecting the respective ring-shaped polishing pads to
the contacting, revolving and self-rotating steps. In accordance with
anot her aspect of the invention, there is provided a disc streak pattern
form ng apparatus for use in polishing a disc having a surface and a
center, the apharpredeternined;size andnayngpe sustacesand @ meater, the method
central axis, a central bore and a working surface in contact with the
di sc; and a deompriging theisteps ofig t hereon the ring-shaped polishing means
In such a manner that at |east a portion of the surface of the disc is
providing a plurality of ring-shaped polishing means each having

a central axis and each defining a central bore;

placing the plurality of ring-shaped polishing means in contact
with the surface of the disc, with spaced-apart portions of the disc
surface disposed inside the central bores of the ring-shaped polishing
means; |

driving the plurality of ring-shaped polishing means to travel
about the center of the disc; and

driving the plurality of ring-shaped polishing means to rotate
about their own respective central axes while maintaining contact with
the disc surface so as to form a disc streak pattern on the disc surface.

BRIEF DESCRIPTION OF THE INVENTION

Fig. 1 is a side elevational view, partially cut-away along a line
A-A of Fig. 1(a), of a streak pattern forming apparatus for a disc

according to one embodiment of the present invention:

Fig. 1(a) is a front elevational view thereof;

Fig. 1(b) is a cross sectional view thereof taken along a line B-B
of Fig. 1;

Fig. 2 is a front elevational vievs) showing an arrangement of
three pad rotating members;

Fig. 3 is a schematic view showing how to set the internal

diameter of a polishing pad;



di sposed inside the central bore of the ring-shaped polishing neans, 't hé‘"""':""."‘:'-'""""'"

drive unit being operable to revolve the ring-shaped polishing neans around
the center of the disc and rotate the ring-shaped polishing nmeans about its
central axis while maintaining contact with the surface of the disc,

t hereby polishing the surface of the disc and form ng streak patterns
thereon. In a preferred formof the apparatus, the drive unit conprises:
revol vi ng means having a center and capabl e of revol ving around the center
of. the disc; self-rotating neans nounted on the revol ving neans for

means £o 1 ovol ve ar ok 48 Behrelally Culravas s pipvRtianal isy powing a
self-rotati ngstr;gglr(]Spaté\ﬁen[nmfg}ﬁir}ghesystem to which a disc streak pattern forming
apparatus according to the present invention is applied;

Fig. 4(a) is a partially cut-away front elevational view of a holder
illustrated in Fig. 4: |

Fig. 6 is a schematic perspective view showing the coincidence
of the central axis of a drum and the center of a magnetic disc;

Fig. 6 is a side élevétional view showing the state in which
polishing pads of the streak pattern forming apparatus are placed in
contact with the opposite surfaces of the magnetic disc;

| Fig. 7 is a schematic plan view showing the state of streak
patterns formed on the magnetic disc;

Fig. 8 is a schematic plan view of a modified form of the streak
pattern forming apparatus acéording to the pres'ent invention;

Fig. 9 is a schematic plan view of a further modified form of the
present invention;

Fig. 10 is a schematic plan view showing the angle of crossing
or intersection of the streak patterns; and

Figs. 11(a) and 11(b) are schematic plan views showing a
conventional technique for forming streak patterns on a magnetic disc, in
which Fig. 11(a) illustrates a polishing step thereof, and Fig. 11(b)

illustrates a texturing step thereof.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, preferred embodiments of the present invention



ri ng- shaped polishing means about Its central axis while maintaining:

contact with the surface of the disc, so as to polish the surface of the "

disc and formstreak patterns thereon. In another preferred formof the
apparatus, the surface of the disc is annular and.has an annul ar band area
with a radially outer periphery and a radially inner periphery defining a
radial wi dth therebetween, and the central 1tore of the ring-shaped
pol i shing means has a dianeter equal to or greater than the radial w dth of
t he annul ar band area of the ring-shaped polishing neans. In a further
preferred formof the apparatus, the surface of the disc is annular and has

di al | t ' . ' ' iLph \ d t.he .

Fi g shaped. poiil R RFHIBRA A dafhil StbYerierlielto i ABRGMbRnRD HEFwinas:g
d, th t | t I ng- d | i shi d bei di d_i h
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of the at |east one portiogn of the surface of the disc are both di sposed
i nsi de the celSt re1oWdr @ disenstreak QRafterforming apparatus constructed in

accordance with the principles of the present invention.

As illustrated in Figs. 1 and 1(a), a streak pattern forming
apparatus 1 of the present invention includes a revolving means in the
form of a drum 2, a self-rotating means comprising, in the illustrated
embodiment, three pad rotating members 3, and a driving means
comprising a first motor § for driving the drum 2 and a second motor 6
for driving the pad rotating member 3.

The drum 2 takes the shape of a cylinder having a disc-shaped
mounting surface 20 attached to one end thereof (i.e., the right-hand end
in the illustrated embodiment in Fig. 1), and it is supported by a housing
7 for rotation relative thereto.

Spedﬁca"y;the drum 2 is disposed in the housing 7 fixedly
mounted on a base 70. A plurality of bearings 71 are disposed between
the outer surface of the drum 2 and the inner surface of the housing 7 sb '
that the drum 2 can rotate around its central axis L. The drum 2 is
provided at its outer surface with a teethed portion 21.

- The three pad rotating members 3 are mounted on the drum 2
for rotation relative thereto. |

Each of the pad rotating members 3 is comprised of a shaft
member 30, a gear wheel 31 and a pad mounting portion 32. More
specifically, the shaft member 30 is inserted into the drum 2 through a

bore 22 formed through a mounting surface 20 of the drum 2, and it is
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ri ng- shaped polishing pad. In a further preferred formof the apparatus, . .-
the surface of the disc is annular and has a radially outer periphery and’a "
“radially inner periphery, and the ring-shaped polishing nmeans conprises a
plurality of ring-shaped polishing pads di sposed about the center of the

disc in such a manner that the radially outer periphery and the radially

I nner periphery of the at | east one portionqypf the surface of the disc are

" both disposed inside the central bore of each of the ring-shaped polishing
pads. 1n a further preferred formof the apparatus, the revol ving neans has

a teethed portion forned on its outer periphery; and the self- rotating

means conpri ses, a aft nmenber rotatably sypported Qn t revol vi ng neans,
a nmounting nefBtataklgleROFRIDY 2R rés’& F?g fngs 33 I'lﬁe gear wheel 31 is

fixedly atta;:hed to a rear end (i.e., the left-hand end in Fig. 1) of the
shaft member 30. The pad mounting portion 32 is firmly secured to a
distal end (i.e., the right-hand end in Fig. 1) of the shaft member 30
.which protrudes from the mounting surface 20.

The pad mounting portion 32 is in the form of a disc member
having a Fing-shaped polishing pad 4 attached to its one side surface.

As clearly shown in Fig. 2, the three pad rotating members 3 are
symmetrically disposed around the central axis L of the drum 2 and
circumferentially spaced apart from each other at the same intervals of
120 degrees. With such a disposition, the three polishing pads 4 fixedly
attached to the distal end surface of the pad mounting portion 32 are
similarly disposed in a symmetrical relation (i.e., a rotational symmetry)
with respect to each other at the same circumferential intervals of 120
degrees.

| Each of the polishing pads 4 is formed of a polishing cloth of
polyurethane such as, for example, a POLITEX PAD sold by RODEL
NITTA Co., Lid.

For example, in a cése where a 5-inch type magnetic disc 200
having an outer diameter of 130 mm and an inner diameter of 40 mm is
to be polished, the polishing pad 4 is sized such that it's outer and inner
diameters are 65 mm and 45 mm, respectively, and for a 3.5-inch type
magnetic disc 200 having an outer diameter of 95 mm and an inner
diameter of 25 mm, the'outer.and inner diameters of the polishing pad 4

‘are set to be 50 mm and 35 mm, respectively.



“menber and havi ng one end extended fromthe revol ving neans, the

ri ng- shaped pol i shing means attached to the extended end of the mounting

menber, and a driven gear wheel .nounted on the other end of the shaft
menber; and the driving neans conprises a first notor having a first drive
gear wheel in neshing engagenent with the teethed portion of the revol ving
means for driving the revol ving nmeans throutth the meshing engagenent of the
first drive gear wheel and the teethed portion, and a second notor having a
second drive gear wheel in neshing engagenent with the driven gear wheel of
the self-rotating nmeans for driving the self-rotating nmeans through the

T "% SSISTER, cOHARE RCENG U ot S8t Mprdhiignd4krage
provided a di g¢rfiide?aks R IFUHBLA ShBEHEEES RSN S Cadfhdl'dsS Bl 88rfRed! 6F
the magnetic disc 200 on which information is to be written or stored. In
other words, the iﬁformation storage surface 201 in this embodiment is
the entire annular surface of the magnetic disc 200. In this embodiment,
it is contemplated that the magnetic disc 200 with its entire surface being
an information storage surface is to be polished.

As shown in Fig. 3, the internal diameter of each of the ring-
shaped polishing pads 4 is suitably set in relation to the magnetic disc
200. That is, the internal diameter R of each polishing pad 4 is set such
that it is equal to or greater than the width M of an information storing
surface 201 of the magnetic disc 200.

The drum 2 and the pad rotating member 3 as constructed
above are caused to rotate by means of the first and second motors 5, 6,
as seen from Fig. 1.

The first motor 5 is mounted on a lower back portion of the
housing 7 with its rotation shaft 50 being inserted in the housing 7. A
gear wheel 51 is fixedly secured to a distal end of the rotation shaft 50
and placed in meshing engagement with the teethed portion 21 of the
drum 2, as clearly illustrated in Fig. 1(b).

On the other hand, the second motor 6 is mounted on an upper
back portion of the housing 7 with its rotation shaft 60 being inserted into
the housing 7. Fixedly secured to a distal end of the rotation shaft 60 is a
gear wheel 61 which is disposed at the center of the drum 2 and placed

in meshing engagement with the gear wheels 31 of the three pad rotating
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8 of a predetermnined size and havi.-ng a surface and a center, the method. .. ...
conprising the steps of: providing a plurality of ring-shaped polishing

means each having a central axis and each defining a central bore; placing

the plurality of ring-shaped polishing means in contact with the surface of

the disc, with spaced-apart portions of the disc surface disposed inside

the central bores of the ring-shaped polish?%g nmeans; driving the plurality

of ring-shaped polishing neans to travel about the center of the disc; and
driving the plurality of ring-shaped polishing neans to rotate about their

own respective central axes while maintaining contact wth the disc surface

so as to for mmenibers 3, rasmalsoaexplicitipiilusteatédsio Bigt figor. BRI EF DESCRI PTI ON

OF THE DRAWNGS Fig. 1 is a side elevational view, partially cut-away al ong
a line With this arrangement, when the first motor 5 is energized to
. drive the drum 2 to rotate, the three pad rotating members 3 are also |
caused to revolve around the central axis L of the drum 2 integrally with
the rotation of the latter. Then, the second motor 6 is energized to drive
the three pad rotating members 3 to rotéte on their own axes,
respectively, thereby causing the respective polishing pads 4 to rotate
around the central axis of the shaft member 3.

Fig. 4 is a partially broken-away side elevational view which
shows a streak pattern forming system to which the streak pattern
forming apparatus according to the first embodiment of the present
.invention is applied.

The streak pattern forming system is capable of forming streak
patterns on the opposite side surfaces of a magnetic disc 200, and it is
constructed such that_two streak pattern forming apparatuses 1 are
mounted on a work bench 8 in an opposing relating with respect to each
other with a holder 9 for holding the magnetic disc 200 being disposed
therebetween.

A first one 1-1 of the streak pattern forming apparatuses 1
disposed on the left-hand side of Fig. 4 is movable to the right and left in
Fig. 4. Specifically, a moving frame 80 having a rail 81 disposed therein
is mounted on the work bench 8. The first streak pattern forming
apparatus 1-1 is installed on the moving frame 80. A slider 82 provided
beneath a pédestal 70 of the first streak pattern forming épparatus 1-1is

mounted on the rail 81 inside the moving frame 80 for sliding motion



A-A of Fig. 1 (a), of a streak pattern forming apparatus for a disc -

according to one enbodi nent of the present invention: Fig. 1 (a) is a front

el evational view thereof; Fig. 1(b) is a cross sectional viewthereof taken

along aline B-Bof Fig. 1; Fig. 2 is a front elevational view show ng an

arrangenent of three pad rotating nenbers; Fig. 3 is a schematic view

showi ng how to set the internal diameter ofh polishing pad; Fig. 4 is a

partially cut-away side el evational view showing a streak pattern formng

systemto which a disc streak pattern form ng apparatus according to the

present invention is applied; Fig. 4(a) is a partially cut-away front

el evational vitgerédloaghMé@hted under the work bench 8 is a piston 84 having a
piston rod 85 fixedly attached at its distal end to a coupling plate 86
firmly secured to the pedestal 70.

With this arrangement, the pedestal 70 of the first streak pattern
forming apparatus 1-1 is connected with the piston 84 through the
coupling plate 86, so that as the piston rod 85 of the piston 84 is driven
to move in an expanding or contracting direction, the first streak pattern
forming apparatus 1-1 is caused to move along the rail 81.

On the other hand, the other or a second one 1-2 of the streak
pattern forming apparatuses 1 disposed on the left-hand side of Fig. 4 is
fixedly mounted on the work bench 8 and has a housing 7 on the upper
surface of which a support member 88 is vertically m'ounted for
supporting one end 6f the rail 87. The other end of the rail 87 is
extended through a bore 88a in the support member 88 standing from
the upper surface of the housing 7 of the first streak pattern forming
apparatus 1-1.

The holder 9 is supported by a slider 90 which is engaged with
the rail 87 for free sliding movement therealong. Thus, the holder 9 is -
movable along the rail 87.

The holder 9 comprises an annular frame 91 and a plurality of
(e.g., four in the illustrated example) clamps 92 movable toward and
away from the center of the annular frame 91. Inserted into the top of
the frame 91 is a hose 95 for dispensing a polishing liquid.

As clearly seen from Fig. 4(a), the clamps 92 are mounted on

the annular frame 91 at substantially equal circumferential intervals and



illustrated in Fig. 4, Fig. 5 is a schematic perspective view show ng the_:
coi nci dence of the central axis of a drumand the center of a nmgnetic
disc; Fig. 6 is a side elevational view showing the state in which
pol i shing pads of the streak pattern form ng apparatus are placed in
contact with the opposite surfaces of the magnetic disc; Fig. 7 is a
schematic plan view showi ng the state of stf®ak patterns fornmed on the
magnetic disc; Fig. 8 is a schematic plan view of a nodified formof the
streak pattern form ng apparatus according to the present invention; Fig. 9
Is a schematic plan view of a further nodified formof the present '

or i nter sect | SSeBRClivel, IR, htd) Eirétpundingr8dqsqls ande'f?"ﬁ% e
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patterns on a
plurality of bolts 93 corresponding in number to the clamps 92 are

screwed into threaded bores 91a in the frame 91 and each have an
énlarged end 93a received in a hole 92a in a corresponding clamp 92 for
free relative rotation.

With this arrangement, the magnetic disc 200 is placed inside
the annular frame 91 and clamed at it peripheral portion by the clamper
92 so that it is thereby fixedly held inside the annular frame 91.

Specifically, as shown at the upper right-hand clamp 92 in Fig,
4(a), by screwing in a bolt 93 in a radially inner direction C, the distal or
inner end of the bolt 93 is brought into contact with the bottom of a hole -
92a in a corresponding élamp 92 to thereby urge the inner periphery of
the clamp 92 into contact with_ the outer periphery of the magnetic disc
200. Thus, the magnetic disc 200 is fixed in position by means of the
holder 9. |

On the other hand, as shown at the upper left-hand clamp 92 in
Fig. 4(a), by screwing out a bolt 93.in a radially outer direction D, the
corresponding clamp 92 is radially moved away from the outer periphery
of the magnetic disc 200 so that the magnetic disc 200 can be released
and taken out of the holder 9.

Now, the operation of the étreak pattern forming apparatuses as
constructed above will be described. In this regard, it is to be noted that
the streak pattern forming apparatuses perform during its operation a

streak pattern forming method of the present invention in the following



which Fig. 11(a) illustrates a—petts h| ng step thereof, and Fig. 11(b)
illustrates a texturing ste &B DESCRI PTI ON OF THE PREFERRED

EVMBODI MENTS | n t heTl rred enbodi nents of t
i nvention 10 WI||
acconpanyi ng draw n o the accorrpanyl ng dr

in detail with refere C@Hl&)SPHEEHHAS BEEN |
ngs RERUACEDst tol,

Fig. 1, there is shownadlsc streak patter# form ng ap COnSt o
in accordance with the principles of the present invention. As illustrated
in Figs. 1 and 1 (a), a streak pattern form ng apparatus 1 of the present
i nvention includes a revolving nmeans in the formof a drum2, a
sel f-rotating meaRé&r.conprising, in the illustrated enbodi nent, three pad
rotating nenbers 3, and a driving neans

First, in the system of Fig. 4, the magnetic disc 200 is placed

inside the annular frame 91 and clamped at its peripheral portion by
means of the clamper 82. Thus, the magnetic disc 200 is fixedly held
inside the annular frame 91 and at the same time, the central axes L of
the drums 2 of the pair of the streak pattern forming apparatuses 1-1, 1-
2 are placed in alignment with the center of the magnetic disc 200.

With this state, the holder 9 is moved to the right in Fig. 4, i.e.,
in a direction toward the second streak pattern forming apparatus 1-2, so
that the right-hand side surface of the magnetic disc 200 is placed in
contact with the polishing pads 4 of the second streak pattern _forming
apparatus 1-2. Thereafter, the piston 84 is operated to contract the
piston rod 85 to thereby move the first streak pattern forming apparatus
1-1 toward the holder 9, thus causing the polishing pads 4 in contact with
the left-hand side surface of the magnetic disc 200.

That is, as shown in Fig. 6, the first streak pattern forming
apparatus 1-1 is fixedly held on the moving frame 80 with the polishing
pads 4 of the first and second streak pattern forming apparatuses 1-1, 1-
2 being placed in contact with the opposite sides of the magnetic disc
200. "

Accordingly, as illustrated in Fig. 3, the information storage
surface 201 of the magnetic disc 200 is disposed inside the central bore
40 in each polishing pad 4 while being in sliding contact with the
polishing pads 4 of the streak pattern forming apparatuses 1-1, 1-2 (a

contacting step).
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conprising a first motor 5 for driving the drum2 and a second notor 6 for :
driving the pad rotating nenber 3. The drum 2 takes the shape of a cylinder

havi ng a di sc-shaped nounting surface 20 attached to one end thereof (i.e.,
the right-hand end in the illustrated enbodinment in Fig. 1), and it is
supported by a housing 7 for rotation relative thereto. Specifically, the
drum 2 is disposed in the housing 7 fixedl yspounted on a base 70. A
plurality of bearings 71 are di sposed between the outer surface of the drum
2 and the inner surface of the housing 7 so that the drum 2 can rotate
around its central axis L. The drum2 is provided at its outer surface with

a teethed portion 21. The three pad_rotatin nbers.3 e nteq on th
drum 2 for rotation nB| ?\Pgaf%e dirsemato férﬁﬂé ‘{55’&“9 %ﬁt HDF% ag %orﬁi s
conprised of a shaft rrerrbgr 30, aagear wheel 31 and a pad nounting portion
32. More specistiealf pattefmdouning appatrivses 1-4. iInd & rewolve: as shewn imFig. 6

through a is energized so that the respective drums 2 are driven to rotate, thereby
causing the polishing pads 4 held in contact with the opposite sides of
the magnetic disc 200 to revolve around the central axes L of the drums
2 (a revolving step). |

éubsequently, .when the secoﬁd motor 6 for rotating the streak
~ pattern forming apparatuses 1-1, 1-2 on their own axes is energized
while supplying the unillustrated polishing liquid to the opposite sides of
the magnetic disc 200, the six polishing pads 4 are thereby céused to

rotate on their own axes, respectively (a self-rotating step).

In this manner, by means of the fine-grained surfaces of the
polishing pads 4, the information storage surface of the magnetic disc
200 is polished to form streak patterns. That is, a polishing step is
performed on the magnetic disc 200 by means of the polishing pads 4,
and simultaneously with this polishing step, a texturing step is carried out
in which the streak patterns having a crossing or intersecting angle as
shown in Fig. 10 are formed on the information storage surface 201.

Here, the streak pattern forming operation in the above-
mentioned texturing step will now be described in detail with reference to
Fig. 7.

In Fig.7, let us assume that one point of a polishing pad 4 be
designated at P as shown by the solid line. Then, the velocity vector V
of the point P is equal to a composition or sum of a revolving velocity

vector Vs of the polishing pad 4 and a self-rotating velocity vector Vp of



bore 22 forned through a nounting surface 20 of the drum 2, and it _is

rotatably supported by a plurality of bearings 23. The gear wheel 31 |s

fixedly attached to a rear end (i.e., the left-hand end in Fig. 1) of the
shaft nmenber 30. The pad nounting portion 32 is firmy secured to a distal
end (i.e., the right-hand end in Fig. 1) of the shaft nenmber 30 which
protrudes fromthe nounting surface 20. The'pad nounting portion 32 is in
the formof a disc nenber having a ring-shaped polishing pad 4 attached to
its one side surface. As clearly shown in Fig. 2, the three pad rotating
menbers 3 are symretrically di sposed around the central axis L of the drum
2 and circunf qhg\%&gmm%gg apart fromeach other at the sanme intervals
of 120 degrees. Wth such a disposition, the three polishing pads 4 fixedly

attached to the di stagopidisSHdsHt ik baﬁtmqo@f&t iM I8 Vitin¥y SF 17 Duter

peripheral portion of the magnetic disc 200 moves to the central bore
202 in the magnetic disc 200 while drawing a spiral as shown by the
solid line in Fig. 7.

The point P then comes again from the peripheral portion of the
central bore 202 to the informatioh storage surface 201 side to further
proceed toward the outer periphery of.the magnetic disc 200 while
drawing a spiral as indicated by the two-dot chain line in Fig. 7.

- Thus, assuming that the point P be a contact portion at which
the annular polishing pad 4 confacts the information storage surface 201
of the magnetic disc 200, curved streaks having a plurality of crossing or
intersecting points are formed on the information storage surface 201 by
means of the contact portion. By all the contact portions of the polishing
pads 4 contacting the.information storage surface 201, a multitude of
such streaks are formed, thereby providing a mesh-like streak patterns
on the information storage éurface 201.

In this case, since the polishing pads 4 are formed of a material
such as cloth, fabric and the like, fine streak patterns having a center
line average roughness of 10 A or therearound aré provided on the
information storage surface 201.

The magnitude of the revolving velocity vector Vs decreases as

“the point P moves in a direction from the outer periphery toward the
central bore 202 in the magnetic disc 200. As a resuit, an angle of

intersection 62 at a point of intersection near the central bore 202 is
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simlarly disposed in a symmetrical relation (i.e., a rotational symetr.y):...:
Wth respect to each other at the sane circunferential intervals of 120
degrees. Each of the polishing pads 4 is fornmed of a polishing cloth of
pol yur et hane such as, for exanple, a POLI TEX PAD sold by RODEL NI TTA Co.,

Ltd. For exanple, in a case where a 5-inch t%pe magnetic disc 200 having an
outer dianeter of 130 mmand an inner dianef
the polishing pad 4 is sized such that

mm and 45 mm

havi ng an outer diameter of 95 nmand an inner diameter of 25 nm the outer

r of 40 mmis to be polished,

respectively, and for a 3.5-inch type nmagnetic disc 200

-and inner di angigarsthdin hAmfbi shintérsedtioh & at Epolt Seintérsddtidfchéar tHB

respectively.

periphery of the magnetic disc 200, but an angle of intersection formed
by intersecting streak patterns is determined by the angle of intersection
01 fhereof. Therefore the rotation speed of the second .motor 6 is set in
advance such that the angle of intersection 61 is in the range of from 20
degrees to 30 degrees.

If the angle of intersection 61 is outside the above range, the
rofation speed of the second motor 6 is adjusted to vary the maghitude
of self-rotating velocity vector Vp of the polishing pads 4. With this
adjustment; the angle of intersection 61 is varied in accordance with the
magnitude of the self-rotating velocity vector Vp so that the rotation
speed of the second motor 6 can be suitably adjusted to place the angle
of intersection 61 within the above range of from 20 degrees to 30
degrees.

Specifically, for example, streak patterns haviﬁg an angle of
intersection .“20 degrees” can be formed with the following settings: the
rotational speed of the second motor 6 is set such that the magnitude of
the self-rotating velocity vector Vp of each polishing pad 4 is 6 m/min,
and the rotational speed of the first motor 5 is set such that the
magnitude of the revolving velocity vector Vs at a point P located on the
outer periphery or circumference of the magnetic disc 200 is 70 m/min.

Furthermore, streak patterns with an angle of intersection “30
degrees” can be formed by setting the rotational speed of the second
motor 6 in such a manner that the magnitude of the self-rotating velocity

vector Vp is 12 m/min while retaining the above setting of the rotational

its outer and i nner di aneters are 65



12 Here, it is Wﬁe term"information storage surface" as-.:im.i
used t hroughout escript i,on. k& defined as a surface of the magnetic

di sc 200 on whi Chyis Siieet’ \WR to be witten or stored. In ot her words,
the information st! k :
annul ar surface of f

01 in this enbodi nent

isc 200. lg,this enbod
contenpl ated t hat e magnetic disc 200 with its entir
i nformati on storage surface is to be polished. As shown in FIG.
internal diameter of each of the ring- shaped polishing pads 4 is SU|tany
set inrelation to the magnetic disc 200. That is, the internal dianeter R
of each polistspapdhad the Jirsttmotarh 5t widh itlneiaamqua'lagrtitm gfetitee revblving he
width Mof an information storing surface 201 of the magnetic disc 200. The
drum 2 and t hevelacity orextongvsentiar others wordststredie hatborvg ith e sasyleoof
rotate by nmeans of the first and second notors 5, 6, as seen fromFig. 1..

intersection 61 ranging from 20 degrees to 30 degrees can be obtained

by suitably setting the rotational speed of the second motor 6 in such a
manner that the magnitude of the self-rotating velocity vector Vp is in the
range of from 6 to 12 m/min, while maintaining or setting the rotational
speed of-the first motor 5 such that the magnitude of the revolving
velocity vector Vs is 70 m/min. -

In this manner, according to the steak pattern forming

“apparatuses of this embodiment, the rotating polishing pads 4 are placed
in contact with the magnetic disc 200 to thereby form streak.patterns on
the information storage surface 201 thereof, so that there are provided
fine streak patterns having a center line average roughness of about 10A.
As a consequence, the magnetic property of the magnetic disé 200 can
be improved and the polishing step and the texturing step can be
concurrently carried out in a single step, thus servihQ to reduce the cost
of production facilities as well as the cost of manufacture.

Moreover, by changing the rotation speed of the second motor 6
in an appropriate manner, the angle of intersection of streak patterns
can be adjusted to a desired value, so that the finishing accuracy of the
magnetic disc 200 can be enhanced.

Here, it is to be noted that the present invention is not limited to
the above-described emlbodime,nt but instead various modifications and
changes thereof can be made without departing from the spirit or scope

of the claimed subject matter of the present invention.



The first nmotor 5 is nounted on a.lower back portion of the housi ng 7. W|th

Its rotation shaft 50 being inserted in the housing 7. A gear wheel 51 is
fixedly secured to a distal end of the rotation shaft 50 and placed in.
meshi ng engagenent with the teethed portion 21 of the drum2, as clearly
illustrated in Fig. 1(b). On the other hand, the second notor 6 is nounted
on an upper back portion of the housing 7 weth its rotation shaft 60 being
~inserted into the housing 7. Fixedly secured to a distal end of the
rotation shaft 60 is a gear wheel 61 which is disposed at the center of the
drum 2 and placed in nmeshing engagement with the gear wheels 31 of the

t1 ?Bae thr% ;ats | ggraanB SRIples althéE?W 9 meolaba\ié-uesthéaréhﬂsbd.ﬁme‘Htg
: genent, when the first notor 5 is energized

three pad rotating members 3 are mounted on each drum 2, one, two,
four or more pad rotating members 3 can be employed. In this case,
however, the inner diameter of each ring-shaped polish'ing pad 4 has to
be set equal to or larger than the width of the annular information
storage surface 201 so that during polishing operation, the polishing
pads 4 are placed in contact with the magnetic disc 200 with the
information storage surface 201 thereof being Ipcated within the central
bore 40 in each polishing pad 4.

Also, although in the above embodiment, the angle of
intersection of streak patterns on the magnetic disc 200 is set to be in
the range of from 20 degrees to 30 degrees, it is not necessarily limited
to this range. It is a matter of course that streak patterns can be formed
which have a desired angle of intersection optimal from the point of view
of the magnetic property and the like.

That is, by suitably adjusting the rotational speeds of the first
and second motors 5, 6, there can be obtained streak patterns having a
desired angle of intersection 81 in the range of from 0 to 80 degfees.

Further, although in the above embodiment, the direction of
revolution of the polishing pads 4 is the same as the direction of self-
rotation thereof, these directions can be opposite with respect to each
other, thereby further improving efficiencies in the polishing process as
well as in the streak-pattern forming prdcess.

Moreover, although in the above embodiment, the apparatus is

constructed such that the magnetic disc 200 having an entire surface



drive the drum2 to'rotate, the three pad rotating nmenbers 3 are also-. .. U

caused to revolve around the central axis L of the drum2 integrally with
the rotation of the latter. Then, the second notor 6 is energized to drive
the three pad rotating nmenbers 3 to rotate on their own axes, respectively,
t her eby causing the respective polishing pa? 4 to rotate around the
central axis of the shaft nenber 3. Fig. 4 a partially broken-away side
el evational view which shows a streak pattern form ng systemto which the
streak pattern form ng apparatus according to the first enbodi ment of the
present invention is applied. The streak pattern form ng systemis capable
of form ng st reeahpriaed evfhanomfotmatippostoragei siaface falone isf sabjentedttoctise sc
200, and it is constructed such that two streak pattern form ng apparat uses

1 are nount ed pylishing rdhdstreakSpattemn forpming pboesisel| ROmMdreticcaRRCEah be
each other wwth a holder 9 for holding the magnetic disc 200 bei ng di sposed
therebetween. ysed which has an entire annular surface comprising an annular
information storage area in which information is to be written or stored
and an annular information non-storage area, in which no information is
- to be written or stored and which is formed around the outer or inner
periphery-of the annular information storage area. In this case, the inner
diameter R of each ring-shaped polishing pad 4 may be smaller than the
width M of the entire annular surface of the magnetic disc 200 but must
be equal to or greater than the annular information storage area.

Furthermore, althodgh in the above embodiment, a disc on
which streak patterns are formed is in the form of a magnetic disc 200,
the present invention can of course be applied to various types of discs
other than the magnetic disc.

As described in detail in the foregoing, according to the present
invention, it is: constructed such that ring-shaped polishing pads are
cauéed to revolve around the center of a disc while rotating on their own
axes, thereby forming streak patterns having a predetermined angle of
intersection on the information storage surface of the disc. With this
construction, fine streak patterns can be formed and at the same time
the conventional exclusive polishing step can be omitted. As a resuit,
there is provided the excellent advantage that the cost of production
facilities as well as the cost of manufacture can be reduced. In addition
to this, by adjusting the self-rotation speed of the ring-shaped polishing

pads in an appropriate manner, the angle of intersection of streak



A first one 1-1 of the streak pattern forning apparatuses 1 di sposed on the'-_.-_-.- -

left-hand side of Fig. 4 is novable to the right and left in Fig. 4.
Specifically, a noving frame 80 having a rail 81 disposed therein is e
mounted on the work bench 8. The first streak pattern form ng apparatus 1-1
Is installed on the noving frame 80. A slider 82 provided beneath a

pedestal 70 of the first streak pattern form ng apparatus 1-1 is nounted on
the rail 81 inside the noving frame 80 for g{iding nmotion - 14 thereal ong.
Mount ed under the work bench 8 is a piston 84 having a piston rod 85
fixedly attached at its distal end to a coupling plate 86 firmly secured to
the pedestal 70. Wth this arrangenent, the pedestal 70 of the first streak

pattern form ng apparatus 1-1 is connected with the piston 84 through the
patterns can be arbitrarily and precisely set, thus improving the finishing

accuracy of the disc. |

Further, by driving three ring-shaped polishing pa'ds disposed in
a rotational or radial symmetry to revolve around the center of a disc
while rotating on their own axes, much finer streak patterns can be
formed on the information storage surface of the disc so that properties
such as a magnetic property and the like of the disc can be further
enhanced.

Moreover, the disc streak pattern forming apparatus is
constructed from relatively simple parts such as a revolving means in the
form of a drum having a teethed portion formed on its outer periphery, a
self-rotating means comprising a shaft member, a pad mounting member
on which ring-shaped polishing pads are mounted, and gear wheels, a
first motor for driving the revolving member to revolve around the center
of a disc, and a second motor for driving the seif-rotating means to rotate
on its own axis. With this simple construction, it becomes possible to

provide the streak pattern forming apparatus at relatively low cost.
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coupling plate 86, so that as the piston rod 85 of the piston 84 is drlven
to nmove in an expanding or contracting direction, the first streak pattern

form ng apparatus I-1 1S caused to nove al ong t he rai.l 81. Qun_the other
hand, the othe 1-2 of the streak patternfr
appar at uses 1 eﬂﬂ!ﬁm“ﬁl mlmmeft hand side of Fig. 4 is fxeéﬁS Hisaw
on the work and Massa housing 7 on ghe upper surface=f
support nenber 88 is vertically nount ed for supporting one end o

87. The other end of the rail 87 is extended thrmt he
support nenber 88 standing fromthe upper surface g gg%bgws c@d of the

first streak f aratus 1-1. The 'ho rted by a
slider 90 whi Mngensng%glﬂ qaL%)‘t he rail 87 for fre‘%“ml nment
t hereal ong. Thus, the holder 9 is novable along :th e hol der
conprises an annular frame 91 and a plurality of (e.g., four in the

il lustrated I I 92 bl e_t d
! us_ rated exgip ®) A d‘?ggsétreakngg erneforprﬁl\ﬁ\rg m%thod for use in polishing. a disc

having a surface and a center, the method comprising the steps of:

providing a ring-shaped polishing means having a central axis
and defining a central bore therein;

f)lacing the ring-shaped polishing means in contact with the
surface of said disc, with at Ieaét one portion of the surface disposed
inside the central bore of said ring-shaped polishing means;

driving said ring-shaped polishing means to revolve about the
center of said disc; and |

driving said ring-shaped. polishing means to rotate around .its
central axis,

whereby _the surface of said disc is polished and provided with

streak patterns by said ring-shaped polishing means.

2. The disc streak pattern forming method according to claim 1,
wherein the surface of said disc is annular and has an annular band area
with a radially outer periphery and a radially inner periphery defining a
radial width therebetween, and the central bore of said ring-shaped
polishing means has a diameter equal to or greater than the radial width

of the annular band area of said ring-shaped polishing means.

3. The disc streak pattern forming method according to claim 1,

-wherein the surface of said disc is annular and has a radially outer



away fromthe centef of the annul ar frame 91. Inserted into the top of the

frame 91 is a hose 95 for dispensing a polishing liquid. As @ aﬂqégqsgpp,ASBttN

fromFig. 4(a), ThihghegHanBeen Béblamede nount ed on the annul ar frang @,Q.DMQED
substant ially eqy tial intervals and 15 respe
inserted into co esses 9la fornmed in the_l—nneppepkphew—ef

the frane 91 for radi al m)vement relative tRereto. A plur alltE of bol ﬂi{

correspondl ng in nunber -to the clanps 92 are screwed:i EH I mﬁﬂnﬂk

9la in the frane 91 and each have an enl arged end 93a
92a in a corresponding clanp 92 for free relative rotatlon Wth this

arrangerent, ARAIIAG vy ML b kP RBLUAASed R

and cl aned at po
means comprises at least one ring-shaped polishing pad, said at least

one ring-shaped po!ishing pad being disposed in such a manner that the
radially outer periphery and the radially inner periphery of said at least
one portion of the surface of said disc are both disposed inside the
central bore of said at least one ring-shaped polishing pad.
4 The disc streak pattern forming method according to claim 1,
wherein the surface of said disc is annular and has a radially outer
periphery and a radially inner periphery, and said ring-s.haped polishing
means comprises a plurality of ring-shaped polishing pads, and said
method further comprising the steps of: :
disposing said plurality of ring-shaped polishing pads about the
center of said disc in such a manner that the radially outer periphery and
the radially inner periphery of said at least one portion of the surface of
said disc are both disposed inside the central bore of each of said ring-
shaped polishing pads; and
| subjecting said respective ring-shaped polishing pads to said

contacting, revolving and self-rotating steps.

5. A disc streak pattern forming apparatus for use in polishing a
.disc having a surface and a center, the apparatus comprising:

ring-shaped polishing means having a central axis, a central
bore and a working surface in contact with said disc; and

a drive unit supporting thereon said ring-shaped polishing



92 so that it is thereby fixedly held inside the annular frame 91.

Specifically, as shgm—a{——t-he—uﬁseﬁfl ght-hand clanp 92 in
screwing in a bol't -9 ﬁgtﬁ“ﬁ%l@ Lyqi nner direction C th dﬂ-ﬁééhh TEFYLW
%f.@:%a

end of the bolt .93 contact with the bottonjof a
a correspondi ng cla y urge the inner periph
92 into contact mnth i phery of 28 he magnetic di sc 200 Thus

the magnetic disci 200 is fixed in ‘position by neans of;t he
ot her hand, as shown at the upper |eft-hand clanp 92 |n' ﬂ Il uu m
screwing out a bolt 93 in a radially outer direction D, the corredpohdihg

Gl 207200 So iﬁﬁ{eg'v%in Tukfice S B et & nltfibh BT Al ane STRHIT HHG e
hol der 9. Now, t eéatla f the s eak_ attern f_o m ng a@%guat uses as
const ruct ed ab® s RP$E msidethe gentral Rofeol sald fing-shaped B ng neangnat

the streak pattern formn ar at use erformduring its operation a
P said drive uni gﬁ'ng operaglé) to revolve sa?d ring- sP\aped polishing

means around the center of said disc and rotate said ring-shaped
polishing means about its central axis while maintaining contact with the
surface of said disc, thereby polishing the surface of said disc and.

forming streak patterns thereon.

6. The disc streak pattern forming apparatus according to claim 5,
wherein said drive unit comprises:

revolving means having a center and capable of revolving
around the center of said disc;

self-rotating means mountied on said revolving means for
rotation relative theretb; and

driving means for driving said revolv-ing means to revolve
around the center of said disc and for driving said self-rotating means to
rotate said ring-shaped polishing means about its ceritral axis while
maintaining contact with the surface of said disc, so as to polish the

surface of said disc and form streak patterns thereon.

7. The disc streak pattern forming apparatus according to claim 5,
wherein the surface of said disc is annular and has an annuiar band area
with a radially outer periphery and a radially inner periphery defining a
radial width therebetween, and the central bore of said ring-shaped

polishing means has a diameter equal to or greater than the radial width



streak pattern formng method—of 1—he present invention in the follow ng
16 manner. First; Thi She@HRMREERIAL4M 9- 4, the magnetic laced
i nsi de the annul ar - ] arrped at its peri pheral,’ n@xstsmfp—f)yf?

of the clamper 9p. lﬂﬁ E letic disc 200 is fixedl }f hel drimgsicies éTEﬁg l
annul ar frane 91 an B8 ine, the central axes

the pair of the 5t reak pattern form ng apparatuses 1-1, 1- 2 are placed |n

alignnment with the center of the magnetic disc 200. W

holder 9 is noved to the right in Fig. 4, i.e., in a: dluum"mlmmmmluimlhe
sec]?nd st][eaﬁ pattern form ng apparatus 1- 2, SO that 'thé r Fght - Hand si*de
surface of the_magneti sC ced | co with the polishin
pads 4 of theogg&ﬁﬂng?rgt&%"‘ﬁﬁr?érq‘? #B&rﬂ%s (ilshlng meansp °

8. The disc streak pattern forming apparatus accqrding to claim 5,
wherein the surface of said disc is annular and has a radially outer
periphery and a radially inner periphery, and said ring-shaped polishing
means comprises at least one ring-shaped polishing pad, séid at least
one ring-éhaped p'olishing pad 'being disposed in such a manner that the
radially outer periphery and the radially inner periphery of said at least
one portion of the surface of said disc are both disposed inside the

central bore of said at least one ring-shaped polishing pad.

9. - The disc streak pattern forming apparatus acco_rding to claim 5,
wherein the surface of said disc is annular and has a radially outer
periphery and a radially inner periphery, and said ring-shaped polishing
means comprises a plurality of ring-shaped polishing pads disposed
about the center of said disc in such a manner that the radially outer |
periphery and the radially inner periphery of said at least one portion of
the surface of said disc are both disposed inside the central bore of each

of said ring-shaped polishing pads.

10. The disc streak pattern forming apparatus according to claim 6,
wherein said revolving means has a teethed portion formed on its outer
periphery; and said self-rotating means comprises a shaft member
rotatably supported on said revolving means, a mounting member

mounted on one end of said shaft member and having one end extended



apparatus 1-2. Thereafter the piston 84 is operated to contact the pi ston

rod 85 to thereby nove the first streak pattern formng ar at us 1-1
toward the hotder—9, Thus Ccausing the polishing pads 4 i
| ef t - hand si derhi%lSF;éeﬁHzeBaénRebecerragnetlc di sc 200. That i

6, the first st rmng apparatus 1-1 is fi
novi ng frame 80|/
pattern form ng uses

h| ng pads 4 oksthe¢ Tirst and second s 7

-1, 1- 2 being pla¢e t he
opposite sides of the magneti c di sc 200. Accordin ‘“’I“lmmln m ed |n
Fig. 3, the informati on storage surface 201 of the*nmagneti o |ssc*

SI i ng. cont adlo %&ﬁﬁgw Hfate p%é}ge@*?@fs%%'ﬁ'sﬁhéé‘@%fﬁﬂﬁﬁ?é‘ﬁ ‘%ﬁfﬁﬁsﬁto "

apparat uses 1t%e t2en§d% 2R4%6 Ina?d mitlng member, and a driven gear wheel

mounted on the other end of said shaft member; and said driving means
comprises a first motor having a first drive gear wheel in meshing
engagement with said teethed portion of said revolving means for driving
said revolving means through the meshing engagement of said first drive
gear wheel and said teethed portion, and a second motor having a
second drive gear wheel in meshing engagement with said driven gear
wheel of said self-rotating means for driving said self-rotating means
through the meshing engagement of said secondl drive gear wheel and

said driven gear wheel.

11. A disc streak pattern forming method for use in polishing a disc
of a predetermined size and having a surface and a center, said method
comprising the steps of:

providing a plurality of ring-shaped polishing means each having
a central axis and each defining a central bore; |

placing said plurality of ring-shaped polishing means in contact
with the surface of said disc, with spaced-apart portions of the disc
surface disposed inside the central bores of said ring-shaped polishing
means;

driving said plurality of ring-shaped polishing means to travel
about the center of said disc; and

driving said plurality of ring-shaped polishing means to rotate

about their own respective central axes while maintaining contact with



17 In this state, the first notor 5 for driving the first:and second streak: . -
pattern formng apaa#a%uses—%—%——%—? to-revolve as shown in Fig. 6 is ) '
ener gi zed so t’hat uns 2. are driven tor

causi ng the polis ]ﬂ I|@ i&“l!& iﬂ n contact with the oppo i’t’eq'ﬁEd'drﬁﬂxa)BEEm
magnetic disc 200 the central .axes L o FUHACED (a
revol ving step).' Subsequently, when the second notor 6 for rotatlnq:Fﬁe—-
streak pattern form ng apparatuses 1-1, 1-2 on their own axes is energized
whil e supplying the unillustrated polishingeliquid to the opposite sides of
the magnetic disc 200, the six polishing pads 4 are thereby caused to
rotate on their own axes, respectively (a self-rotating step). In this
manner, by neans of the fine-grained surfaces of the polishing pads 4, the

i nformation Sﬂ‘? 8 a§u,&égg§o %sf Egﬁ?ng A Ec stqééf patierhorPtHd Afstidater m
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performed on the magnetic disc 200 by neans of the polishing pads 4, and S

sinmul taneously with this polishing step, -a texturing step is carried out- ;i-i;"n_--
whi ch the streak patterns having a crossing-or intersecting angle as shown_ . ...

in Fig. 10 are forned on the information storage surface 201. Here, the
streak pattern formng operation in the above- nentioned texturing step
w Il now be described in detail with reference to Fig. 7. In Fig.7, let us
assume that one point of a polishing pad 4 be designated at P, as shown by
the solid line. Then, the velocity vector V3bf the point Pis equal to a
conposition or sumof a revolving velocity vector Vs of the polishing pad 4
and a self-rotating velocity vector Vp of 18 the polishing pad 4.
ABSTRACT OF THE DISCLOSURE
'DISC STREAK PATTERN FORMING METHOD AND APPARATUS
A disc streak pattern forming method and apparatus are
provided which are capable of not only forming fine streak patterns on a
disc in a single step, but also arbitrarily adjusting an angle of intersection
of streak>patterns in a precise manner to thereby reduce the cost of
production facilities and the cost of manufacture as well as to improve
the magnetic property and the finishing accuracy of the disc. The disc
streak pattern forming apparatus is equipped with a drum 2, a pad
rotating member 3, a first motor 5 and a second motor 6. Polishing pads
4 mounted on the pad rotating member 3 are placed in sliding contact
with the disc in the form of a magnetic disc 200 with an information
storage surface 201 thereof being disposed within a central bore 40 in
each polishing pad 4. Thereafter, the drum 2 and the pad rotating
member 3 are driven to rbtate by means of the first and second motors 5,
6 so that the polishing pads 4 are caused to revolve around the center of
the drum 2 while rotating on their own axes, respectively, thus forming

desired streak patterns on the magnetic disc 200.

FIGURE 1



For this reason, the point P located in the vicinity of the outer

peri pheral portion of the magnetic disc 200 noves to the central bore 202
in the magnetic disc 200 while drawing a spiral ‘as shown by the solid |line
in Fig. 7. The point P then cones again fromthe peripheral portion of the
central bore 202 to the informati on storage surface 201 side to further
proceed toward the outer periphery of thy magnetic disc 200 while drawi ng a
spiral as indicated by the two-dot chain line in Fig. 7. Thus, assuni ng
that the point P be a contact portion at which the annul ar polishing pad 4
contacts the informati on storage surface 201 of the magnetic disc 200,
curved streaks having aFplGrdl ity of crossing or intersecting points are
formed on the information storage surface 201 by nmeans of the contact
portion. By all the contact portions of the polishing pads 4 contacting the
I nformati on storage surface 201, a nultitude of such streaks are forned,

t hereby providing a nesh-like streak patterns on the information storage
surface 201. 1
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In this case, since the polishing pads 4 are forned of a material such as
cloth, fabric and the like, fine streak patterns having a center |ine

aver age roughness of 10 A or therearound are provided on the information
storage surface 201. The nmagnitude of the revolving velocity vector Vs
decreases as the point P noves in a2dPrection fromthe outer periphery
“toward the central tF)lG.ZOZ('m)the magnetic disc. 200. As a result, an angle
~of intersection 02 at a point of intersection near the central .bore 202 is .
| arger than an angle of intersection 01 at a point of intersection near the
peri phery of the magnetic disc 2007 Ist—an angl e of intersection forned by
I ntersecting streak patterns is determ ned by th?angle of intersection 01
thereof. Therefore the rotation speed_g he_secOhd nmotor 6 is set in
advance such that the angle of injefsé N in the range of from 20

4
’)*;.f— L,
70 A <
FIG. 1 (b)
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degrees to 30 degrees. If the angle of intersection Ol is outside the above
range, the rotation speed of the second notor 6 is adjusted to vary the
magni tude of self-rotating velocity vector Vp of the polishing pads 4. Wth
this adjustnent, the angle of intersection 01 is varied in accordance with
the magni tude of the self-rotating velocity vector Vp so that the rotation
speed of the second notor 6 can be sw/ably adjusted to place the angle of
intersection 01 mﬁbgi tgf above range of from 20 degrees to 30 degrees.
Specifically, for AE%I . streak patterns having an angle of intersection
"20 degrees" can be forned with the follow ng settings: the rotational
speed of the second notor 6 is set such that the nmagnitude of the
self-rotating velocity vector Vp of each polishing pad 4 is 6 mmn, and
the rotational speed of the first nmotor 5 is set such that the magnitude of
the revolving velocity vecipr Vs at a point P |ocated on the outer
peri phery or circunference®f the etic disc 200 is 70 mi m n.

83 2

FIG. 3




Furthernore, streak patterns with an angle of intersection "30 degrees" can
be formed by setting the rotational speed of the second notor 6 in such a
manner that the magnitude of the self-rotating velocity vector Vp is 12

mmn while retaining the above setting of the rotational 20 speed of
the first nmotor 5 with the same magni tude of the revolving velocity vector
Vs. In other word, streak patterns with an angle of intersection [err]

rangi ng fron120£pﬁgée s to 30 degrees é&4h be obtained by suitably setting
the rotational Sp f the second nmotor 6 in such a manner that the

magni tude of the self-rotating velocity vector Vp is in the range .of from®6
to 12 mmn, while nmaintaining or setting the rotational speed of the
first notor 5 such that the nmagnitude of the revolving velocity vector Vs

is 70 nimn.
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In this manner, according to the streak pattern form ng apparatuses of this
enbodi nent, the rotating polishing pads 4 are placed in contact with the
magneti c disc 200 to thereby formstreak patterns on the information .
storage surface 201 thereof, so that there are provided fine streak
patterns having a center |ine average ¥8ughness of about [err]. As a
consequence, the ma?'q@i Q]_;({% erty of the magnetic disc 200 can be inproved
and t he polishing step and texturing step can be concurrently carried
out in a single step, thus serving to reduce the cost of production
facilities as well as the cost of manuf acepsg \Moreover, by changing the
rotation speed of the second notor et € manner, the angle of
intersection of streak pgdDtern al ue, so that
the finishing accuracy of e WH Ced. Here, it
Is to be noted that the predey t he
above-descri bed enbodi ment by @flpchanges

t hereof can be namde w t hout

FIG. 5




of the claimed subject matter of the present invention. - 21 For exanpl e,
al t hough in the above-described enbodi nent, three pad rotating nenbers 3
are nounted on each drum 2, one, two, four or nore pad rotating nenbers 3
can be enployed. In this case, however, the inner dianmeter of each

ri ng-shaped polishing pad 4 has to begget equal to or larger than the width
of the annular information storage surface 201 so that during polishing
operation, the polishing pads 4 are placed in contact with the magnetic
disc 200 with the ingqggaggon storage surface 201 thereof being |ocated
within the central bbr'e®40”i-n each polishing pad 4. Al so, although in the
above enbodi nent, the angle of intersection of streak patterns on the
magnetic disc 200 is set to be in
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the range of from 20 degrees to 30 degrees, it is not necessarily limted
to this range. It is a matter of course that streak patterns can be forned
whi ch have a desired angle of intersection optiml fromthe point of view
of the magnetic property and the like. That is, by suitably adjusting the
rotational speeds of the first and se d notors 5, 6, there can be
obt ai ned streak pattﬁquoqfving a desired angle of intersection [err] in
the range of fromO d degrees. Further, although in the above

enbodi ment, the direction of revolution of the polishing pads 4 is the sane
as the direction of self- rotation thereof, thesg directions can be
opposite with respect to each other, _Lhezgpy fu¥ther inproving efficiencies
in the polishing process as well i e’s reak pattern formng process.
Moreover, although in the abov 2 éfﬁftructed

202

201




22 conprised of an information storage surface alone is subjected to the
polishing and streak-pattern form ng processes, a magnetic disc can be used
whi ch has an entire annul ar surface conprising an annul ar information
storage area in which information is to be witten or stored and an annul ar
informati on non-storage area, in which no information is to be witten or
stored and which is forned around thagyouter or inner periphery-of the
annul ar information storage area. In this case, the inner dianeter R of
each ring-shaped polishil@ @d 4 my be smaller than the width Mof the
entire annul ar surface of the magnetic disc 200 but nust be equal to or
greater than the annul ar information storage area. Furthernore, although in
t he above enbodi ment, a disc on which streak patterns are forned is in the
formof a magnetic disc 200, the present invention can of course be applied
to various types of discs other than the nmagfetic disc.

40 200

FIG. 10




As described in detail in the foregoing, according to the present
invention, it is constructed such that ring-shaped polishing pads are -
caused to revolve around the center of a disc while rotating on their own
~axes, thereby formng streak patterns having a predeterm ned angl e of
intersection on the information stof9d9ge surface of the disc. Wth this
construction, fine streak patterns can be fornmed and at the sane tine the
conventional exclusive polishing step can be omtted. As a result, there is
provi ded t he excelle ﬁgguﬁft%gf that the cost of production facilities as
wel | as the cost of f a can be reduced. In addition to this, by
adjusting the self-rotation speed of the ring-shaped polishing pads in an
appropriate manner, the angle of intersection of streak 23 patterns can
be arbitrarily and precisely set, thus inproving the finishing

FIG. 11(b)

140




accuracy of the disc. Further, by driving three ring-sh
di spgsed in a rotational or radlal symmetry to revol ve
a disc while rotating on their own axes, nuch finer str
formed on the information.storage surface of the disc s@
such as a magnetic property and the like of the disc ca be
enhanced. Mreover, the disc streak pattern'form ng app
- constructed fron1re|ative|y sinmple parts such as a revol vi ng nmeans
formof a drumhaving a teethed portion forned on its outer periphery, a
self-rotating neans conprising a shaft nenber, a pad nounting nmenber on

whi ch 1ing- shaped| 9ol $ TREIK PATTERN FORMING METATD ANBEAPP ARATUS

notor for driving the revolving nmenber to revolve around the center of a
disc, and a second notor for driving the self-rotating neans to rotate on
its own axis. Wth this sinple construction, it beconmes possible to provide
the streak pattern form ng apparatus at relatively | ow cost.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and an apparatus for
forming streak patterns on a disc in which streak patterns having a
predetermined angle of intersection are formed on the disc such as a

magnetic disc or the like.
2. Description of the Prior Art

In recent years, the capacity of a magnetic disc increases at a
high rate, and in the'nea:r_'future_, it is expected that a magnetic disc will

have a capacity capable of storing information of several giga bites.

With such a magnetic disc having a great capacity and a high
density, in order to enhance its magnetic property, it is desirous to
provide a surface of the disc with streak patterns having 'an angle of
crossing or intersection ranging from 20 degrees to 30 degrees, as

clearly illustrated in Fig. 10.

A known streak pattern forming technology for a magnetic disc
of this kind is illustrated in Figs. 11(a) and 11(b). Fig. 11(a) is a
schematic plan view showing a pblishing step, and Fig. 11(b) is a
schematic view showing a texturing step in which streak patterns are
-formed on a surface of a magneﬁc disc after being subjected to a

polishing process.



24 WHAT IS CLAIMED IS 1. A di sc streak pattern for ni-r -xwmnuse
in polishing an annul ar disc having a storage;surfac i m >

.perlphery and a radially inner periphery, and a cente he met hod
conprising the steps of: providing a ring-shaped pol i nRﬂBW&V|n a
central axis and defining a central bore thBrein; pla |1g tﬂg ri ng-sh d
polishing neans in contact with the surface of sald d{ sé&—wirtt—ar-Teast | one
portion of the surface disposed inside the central bofe of said ring- ped

pol i shing means; driving said ring-shaped polishing neans 1o revol ve about

; pguﬁgnf ter of o$ & Brélds@rnfihedi dige id! havity %hﬁmﬁc@@ﬂdS i BEntER2f5e trRefHdRt €
S

comprising the steps of:

providing a plurality of rihg-shaped polishing means each ha\)i'ng
a central axis and each defining a central bore; |

placing the plurality of ring-shaped polishing means in contact

.- with the surface of the disc, with spaced-apart portions of the disc

surfaqe disposed inside the central bores of the ring-shaped. polishing
means; |

driving the plurality of ring-shaped polishing meahs to travel
about the center of the disc; and

driving the plurality of ring-shaped polishing means to rotate
about their own respective central axes while maintaining'céntact with
the disc surface so as to form a disc streak pétte:rn on the disc'surface. = ..°.

BRIEF DESCRIPTION OF THE PRAWINGS . .

Fig. 1 is a side elevational view, partially cut-away along a line
A-A of Fig. 1(a), of a streak pattern' 'for-m'ing apparatus for a disc

according to one embodiment of the present invention:

Fig. 1(a) is a front elevational view thereof;

Fig. 1(b) is a cross sectionél view thereof taken along a line B-B
of Fig. 1;

Fig. 2 is a front elevational view showing an arrangement of
three pad rotating members;

Fig. 3 is a schematic view showing how to set the internal

diameter of a polishing pad;



central axis; and said ring-shaped polishing neans conprising at least one "

ring-, shaped polishing pad, with said at -least one ring-shaped polishing.
pad be| ng di sposed in such a manner that the radially . whﬁrﬁq%gﬂ
the radially inner periphery of said at |east one porti -age |of
said disc are both disposed inside the centrygl bore of {sdid at /| east one
ri ng- shaped polishing pad, whereby the surface of said di 3341'@%3??%h d
and provided with streak patterns by said ring-shaped gol{ishing neans. |
2. The disc streak pattern form ng nethod according to claim1, wher¢i
the surface of said disc is annular and has an annul ar '
radi al |y outerM@@€bhery and a radially inner periphery defining a radial
wi dt h t herebetween, and the central bore of said ring-shaped

. First, in the system of Fig. 4, the magnetic disc 200 is placed

inside the annular frame 91 and clamped at its peripheral portion by
means of the clamper 92. Thus, the magnetic disc 200 is fixedly held
inside the annular frame 91 and at the same time, the central axes L of
the drums 2 of the pair of the streak patte'r'n forming apparatuses 1-1, 1-
2 are placed in alignment with the center of the magnetic disc 200.
With this state, the holder 8 is moved to the right in Fig. 4, i.e.,
iﬁ a direction toward the second streak pattern forming apparatus 1-2, so
“that the right-hand side surface of the magnetic disc 200 is placed in
contact with the polishing pads 4 of the second streak pattern forming .
appératus 1-2. Thereafter, th_e piston 84 is operated to contact the-
piston rod 85 to thereby move the first streak pattern forming apparatus
1-1 toward the holder 9, thus causing the polishing pads 4 in contact with
the left-hand side surface of the magnetic disc 200. |
That is, as shown in Fig. 6; the first streak pattern forming
appératus 1-1 is fixedly held on the moving frame 80 with the polishing
pads 4 of the first and second streak pattern forming apparatuses 1-1, 1-
2 being placed in contact with the opposite sides-of the magnetic disc
200. |
Accordingly, as illustrated in Fig. 3, the information storage
surface 201 of the magnetic disc 200 is disposed inside the central bore
40 in each polishing pad 4 while being in sliding contact with the
polishing pads 4 of the streak pattern forming apparatuses 1-1, 1-2 (a

contacting step).



polishing means has a dianeter equal to or greater t hg

jootpieradi-al...wi.dih
t he annulkar band area of said ring-shaped polishing mRﬁﬂA@F VENT &HEF?«

streak pattern form ng apparatus for use in polishingla _
having a surface, a radially outer periphery and a.rac
periphery, and a center, the apparatus conp®d sing: ri f
nmeans having a central axis, a central bore and a wor}

contact with said disc; a drive unit supporting theregn said ri ng- shape:i

of

e

ng

polishing means in such a manner that at 1east a portiomrof

tre—str-face” of

sai d ditsc is dpepasef theskidet Mstorestwith Y e Sﬁl:agnritiuﬁg gﬁatg'gd g{}; l'vﬁ-m 28

means, said drive unit being operable to revolve sa rlng

reans’around, BRGRMVEES! 161 Sl o! A4S RS, S o

nmeans about
sai d di sc,

its c ral axis whil emalnalnl

k
thﬁh@%&ﬁ&d M FehdiRg 785 36 edgéresé%l & ngSeSPedeJ 8:r=ur1n be osbttglenaed

patterns thereon

by suitably setting the rotational speed of the second motor 6 in such a
manner that the magnitude of the self-rotating velocity vector Vp is in the
range of from 6 to 12 m/min, while maintaining or setting the roiational
speéd of-the first motor § such that the magnitude of the revolving
velocity vector Vs is 70 m/min. '

In this manner, according to the streak pattern forming
apparatuses of this embodiment, the rotating polishing pads 4 are placed
in contact with the magnetic disc 200 to thereby form streak patterns on

the information storage surface 201 thereof, so that there are provided

fine stréak patterns having a center line average roughness of about 10A.

As a consequence, the magnetic property of the magnetic disc 200 can
be improved and the polishing step and the texturing step can be
concurrently carried out in a single step, thus serving to reduce the cost
of production facilities as well as th.e_ cost of_:r-héri'ufacture.

Moreover, by changing the rotation speed of the second motor 6
in an appropriaté manner, the gngle of intersection of streak patterns
can be adjusted to a desired. value, so that the finishing accuracy of the
magnetic disc 200 can be enhanced.

Here, it is to be noted that the present invention is not limited to
the above-described embodiment but instead various modifications and
changes thereof can be made Withéut departing from the spirit or scope

of the claimed subject matter of the present invention.




26 said ring-shaped polishing neans conprises at |east one ring- shaped
polishing pad, wth said at |east one ring-shaped pol ishi-Rg—paa—bet
di sposed i n steh—aTanner that the radially outer peri REEL;CEWNThS EET
ra_d'dag!y i nner ﬂi\!‘jmﬁmgm m‘jdat | east one portion joffThe—surrace of
sai I sc are e the central bore of} dai dne
ri ng- shaped _pi* ing pad.s 4.+ The dk&sc streak patjtqr Qﬂgﬁﬁﬁ?ﬁgﬁ
apparatus according to claim3, wherein said drive unift lcorpr-ses:
revol ving means having a center and capabl e of revol vilng around the cenfer
- of said disc; self-rotating nmeans nmounted on sai d revotvrmg Teans 101

rotation rel aMléé.lt igrcﬁhgméﬁd‘sdrl ving neans for driving said revol ving

(0

means to rev

1. A disc streak pattern forming method for use in polishing an
annular-disc having a storage surface, a radially outer periphery and a
radially‘inner periphery, and a center, the method comprising the steps of:

providing a ring-shaped polishing 'means having a central axis
and defining a central bore therein;

~ placing the ring-shaped polishing means in contact with the

surface of said disc, with at least one portion of the surface disposed
inside the central bore of said ring-shaped polishing means;.

driving said ring-shaped polishing means to fevolve'about the
center of said disc;

drivihg said ring-shaped polishing means to rotate around its
central axis; and

said ring-shaped polishing means comprising at least one ring-
shaped polishing pad, with said at least one ring-shaped polishing péd
being disposed in such a manner that the radially outer periphery and the
radially inner periphery of said at least one portiqn of the surface of said
disc are both disposed inside the central bore of said at least one ring-
shaped poiishing pad,

whereby the surface of said disc ié polished and provided with

streak patterns by said ring-shaped polishing means.



around the center of said disc and for drivi ng said self-rotating neans to

rotate said ring-shaped polishing neans about its central axis while
mai nt ai ni ng contact with the surface of said disc, so M@ﬁ‘ SHEET
surface of said dirsc and form-streak patterns thereon gEPBAg...c drsT

streak patternm s according to claim 3,
of said disc-h ﬁ"ﬂ"!ﬁ @‘E md area W 2h a radially qutie
pheryw

radially inner per¢p ng a radial wdth 27 {t h

the central bore of said ring-shaped polishing neans hds a di arret er equal

to or greater than the radial width of the annular ban

ord pNAT R a&ea

ri ng- shaped polishing neans. 6. The di sc streak forning apparatus
according to claim 3, wherein sai d ri ng- shaped polishing nmeans conprises a

plurality of ring-shaped

2. The disc streak pattern forming method according to claim 1,

wherein the surface of said disc is annular and has an annular band area

with a radially outer periphery and a radially inner periphery defining a

radial width therebetween, and the central bore of

said ring-éhaped

polishing means has a diameter eq'ual to or greater than the radial width

of the annular band area of said ring-shaped polishing means.

3. A disc streak pattern forming apparatus for use in polishing an

annular disc having a surface, a radially outer periphery and a radially

~ inner periphery, and a center, the apparatus comprising:

ring-shaped polishing means having a centfal axis, a central

bore and a working surface in contact with said disc;

a drive unit supporting thereon said ring-shaped polishing

means in such a manner that at least a portion of the surface of said disc

is disposed inside the central bore of said ring-shaped polishing means,

said drive unit being operable to revolve said ring-shaped polishing

means around the center of said disc and rotate

said ring-shaped

polishing means about its central axis while maintaining contact with the

surface of said disc, thereby polishing the surface of said disc ang

forming streak patterns thereon; and



pol i shing pads di sposed about the center of said disc ifrs Frr@y i

the radially outer—peripheryand the radially inner perj %@Fﬁz M
| east one portion f of said disc are both |dijsposed i nsi de it
central bore bleW“ﬂMﬁEDﬂlgmg-shaped pol i shing pads| |7.2 4 MARH@9&i 4c
streak pattern [ [ [ '

revol vi ng neans has a toothed portion fokdred on its outfr P
said self-rotating neans conprises a shaft nenber rotatpbly supported o

sat S according to claim4, Mherein said

said revol ving neans, a nounting nmenber nounted on one end of said shaft
menber and havi ng one end extended from said revol vi ng neans,

sai d. ri ng- shaped pol i shin ns at ed to the extended d of said -
nounti ng nenber, andsa'ddf'?'g MR@@B'"W% W?rﬁie%@ggﬁaé NG "G g

shaft nenber;

at

and said driving neans conprises a first nmotor having a first
drive gear whehaped palighing pad)jayihesaidwat teasti dne cingrshapedt polishingspad
revol ving nmeans for driving said revolving neans through the neshing

engagenent of pagidldfdgoseddin #ifch a manner that the radially outer periphery and the

radially inner periphery of said at least one portion of the surface of said

-disc are both disposed inside the central bore of said at least oné ring-

shaped polishing pad.

4, The disc streak pattern forming apparatus according to claim 3,
wherein said drive unit comprises:

revolving . means having . a center and capable of revolving

~around the center of said disc;

self-rotating means mounted on said revolving means for
rotation relative thereto; and

driving means for driving said revolving means to revolve
around the center of said disc and for driving said self-rotating means to
rotate said ring-shaped polishing means about its central axis while
maintaining contact with the surface of said disc, so as to polish the

surface of said disc and form streak patterns thereon. -

S. The disc streak pattern forming apparatus according to claim 3,
wherein the surface of said disc has an annular band area with a radially

outer periphery and a radially inner periphery defining a radial width



gear wheel and said toothed portion, and a second no CIRNA SEEE’B

dr: ¥e gear wheel in nmeshing engagenent with said dri m%“m $ai d
self-rotating neans for driving said self-rotating ans thr e
meshi ng engagement—of —said—second drive gear wheel ar{d sa?dws%%]ge ai -
wheel . 8. [ f ttern formng nethod for ljuse in_palishidng an
annul ar di sc Im rumumt"iligmrsurface, a?radi al |y outper periphery and 4§
radi al Iy inners peri pheky,s a center, the nethod copprising—+he~steps of:
provi ding a ring-shaped polishing neans having a central axis and defining
alcenfpal b?re therein, said ring-shaped polishing nmeans conprising a
plurality of ring-shaped polishing pads; placing the ring-sh d polishin
means i n cont RereRetw ?%egﬁgr &Eg@?g]sgpbép&?ﬁ?,' \MQQTsé?pggag‘ﬁW%???%ng
of the surface disposed inside the central bore of said ring-shaped

pol i shi ng neahas a diameter equal to or greater than the radial width of the annular

e

ey

band area of said ring-shaped polishing means.

6. The disc streak forming apparatus according to claim 3, wherein
said ring-shaped polishing means comprises a plurality of ring-shaped
polishing pads disposed about the center of said disc in such a manner
that the radially outer periphery and the radially inner periphery of said at.
least one bortion of the sunaee of said disc are both dispose-d inside the

central bore of each of said ring-shaped polishing pads.

7. The disc streak pattern forming apparatus according to claim 4,
- wherein said ,revolning means has a toothed portion formed on its outer
periphery; and said self-rotating means comprises a shaft member
rotatably supported on said revolving means, a mounting' member
mounted on one end of_ said shaft member and having one end extended
from said revolving means, said_.ring-shaped .polishing means attached to
the extended end of said meunting member, and a driven gear wheel
mounted on the other end of said shaft member; and said driving means
comprises a first motor having a first drive gear wheel in meshing
~ engagement with said toothed portion of said revolving means for driving

said revolving means through the meshing engagement of said first drive



driving said. r|ng shaped polishing neans to revol ve about the cent er  of

said disc; driving said ring-shaped polishing neans gt il t s
-central axis; di sposi ng said pI urality of ring-shap Lﬁcﬁmﬁq leout
the center of—said—discTm such a nmanner that the rddijal |y outer penighery

and the radiall of said at |east one |popt4d MARAPIG he
surface of El!ﬂ@ ﬁlmwj di spose@®i nside the] central bore of gach

of said ring-:

ring- shaped polishing pads to said contacting revol vi ng and_sel f-raotatl ng

NG pads and subj ecti ng pard TESpecti ve

steps, whereby the surface of said disc is polished and provided with
streak patterns by said ring- sgaP hg l'ishin

Teans, .
gear  wheel and “sai portion, and a second motor having a

second drive 'gear wheel in meshing engagement with said driven gear |

wheel of said self-rotating means for driving said self-rotating means

through the meshing engagement of said second drive gear wheel and

said driven gear wheel.

8. A disc streak pattern forming method for use in polishing an
annular disc having a storage surface, .a radially outer periphery .and a
radially inner periphery, and a center, the method comprising the steps of:

providing a ring-shaped polishing means having a central axis
and defining a central bore therein, said ring-shaped polishing' means™
comprising a plurality of ring-shaped polishing padsﬁ

placing the ring-shaped polishing means in contact with the -
surface of said disc, with at least one portion of the surface dispbsed
inside the central bore of said ring-shaped polishing means;

driving said. ring-shaped polishing means to revolve about the
center of said disc;

driving said ring-shaped polishing means to rotate around its
central axis; |

disposing said plurality of ripg-shaped pblishing pads about the
center of said disc in such a manner that the radially outer periphery and

the radially inner periphery of said at least one portion of the surface of
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said disc are both disposéd inside the central bore of each of said ring-
shaped polishing pads; and |

subje'ctihg said respective ring-shaped polishing pads to said
contacting revolving and sélf—rotating steps,

whereby the surface of said disc is polished and providéd with

streak patterns by said ring-shaped polishing means.



