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SLIDER FOR OPTICAL DISC DATA STORAGE SYSTEM

BACKGROUND OF THE INVENTION
The present invention relates generally to

optical disc data storage systems. More specifically,

‘the present'invention:relates to a slider for use in an

optical head g1mba1 assembly of an optical dlsc data
storage system.

' " Optical " data storage disc systems are a
technology for storlng large quantities of data. The
data is accessed by focu81ng a laser beam onto a data
surface of the disc and detecting light reflected from
or transmitted through the data surface.

' In generel “in optical storage systems, data
is 1n the form of physical or magnetic marks carried on
the surface of the disc which are detected using the
reflected laser llght. There are a number of different
optiéal disc technologies which are known in ‘the
industry. For example, CD-ROMs are currently used to
store digital data ‘such as computer - programs or
digitized music. Typically, CD-ROMs are permanently
recorded during-manufécture. Anothef type of optical
system is write-once read-many (WORM) systems in which

~ a user may permanently write information onto a blank

disc. It is also desirable to provide a system which is
erasable, such as phase change and magneto-optic (M-O)

‘systems. Phase change systems detect data by sensing a

change in reflectivity. M-O systems read data by
measuring the rotation of the incident 1light
polarlzatlon due to the storage medium.

High density optlcal recording, partlcularly'
for near-field recording (i.e., M-O or phase change
systems) typically requires an optical head gimbal
assembly (OHGA) for carrying the transducing device over
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optically heated,; for example with M-O media, the laser
‘beam is directed through an optical component in the

- .slider, to a point above the Curie temperature of the
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.. the _data surface of the optical media.  The OHGA
- includes a slider which "fljes" proximate the data
. surface of the optical disc as the disc rotates at a:

high speed. An actuator is used to ‘radially position-

‘the slider _ovei' ‘the disc surface. U.S. Patent No.-

5,497,359, issued March 5, 1996, entitled "OPTICAL DISC

'DATA STORAGE SYSTEM WITH RADIATION-TRANSPARENT AIR-

BEARING SLIDER" shows an example of a slider for use"
with an optical disc data storage system.
In order to write a magnetic' -bit of

medium. A. magnetic coil carried on the slider is

‘energized and the laser is turned off. As the magnetic

7 medium cools below ‘the Curie temperature, the heated
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spot is left with a desired magnetic orientation.
However, typical prior art sliders for optical recording

"are not optimized for the coil design.

SUMMARY OF THE INVENTION
- The present invention includes an optical
storage system having an optical disc for storing

information in an optically readable format on a data

surface. An actuator arm has an end which is radially

‘positionable relative to the data surface of the disc.
A slider attaches to the end of the actuator arm and is
adapted to fly over the data’ surface. The slider

carries an optical transducer for near-field transducing

~optical information on the data. surface. One aspect of

the invention includes a mesa carried on an air bearing

.surface of the slider. A coil of the opt'ical transducer

is formed of an electrical conductor and extends around
the mesa. In one aspect, the optical transducer
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includes an optical source having a focussing mechanism
and the mesa comprises a portion of the focussing ‘-
mechanism. Further, in one aspect the mesa includes a -
plateau adapted to couple light to the data surface
through an evanescent field. 1In another aspect of the
invention, the mesa has a tapered side wall .and light
passing through the mesa substantially forms a cone
wherein the cone does not extend beyond the side wall.

BRIEF _DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified diagram showing an

~optical storage system in accordance with the present

invention.
Figure 2 is a side plan view showing a slider
of Figure 1 in accordance with. the present invention.
'Figure 3 is a front cross-sectional view of

" the slider of Figure 2 showing a mesa in accordance with: -

the present invention.
F:Lgure 4. is a bottom plan view of the slider

- of Figures 2 and 3 show:.ng the mesa.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

- The present invention relates: to optical data
storage systems. In particular, the present invention
relates to sliders for use with optical data storage
systems which empioy near-field optical recording
techniques or those which use a slider for carrying a
transducing head or otherwise optically couple to a data
surface to read and/or write information thereon. Such
optical data storage systems use a slider to carry the
optical transducing elements adjacent the data surface
of an optical storage medium such as an optical disc.
U.S. Patent No. 5,497,359 issued March 5, 1996 entitled
"OPTICAL DISC DATA STORAGE SYSTEM WITH RADIATION-
TRANSPARENT AIR-BEARING SLIDER" illustrates one slider
designed for optical recording.
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' When optically recording information using the

near fJ.eld (or evanescent ‘field) the optical transducing
element includes, fo¥ example, a Sol_J.d Immersion “Lens
carried on the slider which flies over the magnetic':

disc. Such a Solid Immersion Lens is shown in ‘U.S.

Patent No. 5,125,750, entitled "OPTICAL RECORDING SYSTEM
EMPLOYING A SOLID IMMERSION LENS." To write a bit of '
data on the M-O disc, a laser heats up a small spot on' - i~
the disc through the Solid Immersion Lens to a-
tempe'rature above ‘the Curie temperature of the medium.:- - :
A magnetic coil carried on the air bearing surface of . .-
the slider is éhe:g_iééd and the laser is turned off. As

the magnetic medium cools below the ‘Curie point, the

heated 'spot is  left with the desired magnetic

orientation.. _
The efficiency of this ‘recording process

relies on the ability of the laser 'énd the coil to

switch on and off quickly. The c‘dil must provide a
sufficiently large magnetic field to ensure that “the
media is magnetically oriented as desired. Factors

"which contribute to the magnet:.c field of ‘the co:Ll
“include: ; '

1) The electrical current through the
coiled. (A linear effect.)
2) The number of turns in the coil. (A
linear effect.)
3) The separation distance of the inner
most turns of the coil relative to the
. . mesa. (A inverse square effect.)
The ability of the coil to switch on and off quickly is
a function of the inductance of the coil which is
predominantly determined by the number of turns of the
coil.

PCT/US97/18065
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Anbther factor in designiiig a coil is the heat’
which is generated by the coil during operation. ' The
heat generation is a function of the square of the

‘electrical - current titnes_-the_ resistance of the coil-

(IR) . The heat .generated during the operation of the
coil must be dissipated.. Further,  the thermal
transients: and the bulk heat can "have serious

.consequences during operation. It would be desirable to
‘minimize the amount of heat generated by the coil.

One aspect of the present invention includes

the recognition of a new slider design and coil

configuration to accommodate the coil and the lens
element in an. optical transducing assembly. ‘More:
specifically, the present invention includes a new mesa
carried on the air bearing surface positioned at the
center of the coil. .

Figure 1 is a simplified illustration of an
optical reco'rd_.ing system 10 employing a slider in
accordance with the present invention. System 10
includes optical disc 12 having a data surface which

‘carries optically encoded information. - D.isc. 12 rotates

about spindle 14 and is driven by a spindle motor 16
mounted on base 18. A slider 20 is positioned proximate
disc 12 and is coupled to an actuator 22 which includes
armature 24 and actuator motor 26 which couples to base
18. Slider 20 includes an optical transducer 30. An
optical transducing element includes optical
source/sensor apparatus 32. A controller 34 couples to
apparatus 32, actuator 26 and data bus 36 and is used
for controlling operation of system 10.

During operation, disc 12 rotates and slider
20 is positioned radially along the data surface of disc
12 using actuator 22. Controller 34 controls the
position of slider 20, whereby information may be read

PCT/US97/18065
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~from the data - surface- of ‘disc 12 ‘using - optical-

source/sensor . .apparatus 32 and receJ.ved or transmitted

‘over data bus 36.. '

FJ.gure 2 is a s:.mpllfled s:.de _v:l.ew of sl:l.der

-'20 in accordance w:Lth the :anent:l.on and shows transducer -
‘element 30. Sln.der 20. 1s shown prox:.mate the data
:'-surface 48 of opt:.cal disc 12 Transducer element 30,
in the embodiment shown, :|.ncludes" a SIL-type (Solid-

Immersion Lens) 1ens (whlch is formed by lens cap 50 and

the body of slz.der 20) and electr:.cal conductoxrs 52
_ :formed in. a coil shape Conductors 52 are coiled about’

‘mesa 54 in accordance ‘with the present invention.
‘Slider 20 J.ncludes an aJ.r bearlng surface 56 and a top

surface (or opposing surface) 58. Mesa 54 is carried on

- air bearing. surface- 56. Disc 12 rotates :|.n the

direction 1nd1cated by arrow 60 whereby sl:Lder 20 has a

leadlng edge 62 and a traJ.lJ.ng edge 64..

Based on the need to prov:l.de a light path for

: the laser to pass through the mesa along with the goals

of m:.n:um.zz.ng res:l.stance and 1nductance while maximizing

‘the magnet:.c fleld at the surface of the media, the mesa’
of the present .1nventlon is prov:.ded ' S

A stepped mesa des:u.gn which approx:.mates a 45°
'angle, -in one embod:.ment, is prov:.ded "This is
preferably accompln.shed through us:.ng a two step mask
process. The fJ.rst mesa (cav:.ty) mask etches a small
mesa width with the second mesa mask’ _etch:.ng a larger

 base. This coupled with the natural rounding in the

bottom corners of the mesa will provide a means to
achieve the desired design. The one trade off for this
design is an additional mask and etching step. However,
this. mask may also be useful to accommodate other
aspects of manufacturing associated with photo-resist
adhesion and etching issues. The 45° angle may alsoc be

PCT/US97/18065
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approximate:'c:i'??’fﬁiy altering the ot ?.:-'étching process to
achieve the desired wall profile. In this example the~
angle of the part relative: to the ion beam path would be
altered to provide the mesa with an angle which
approaches: the desired angle. _ ' ' o

"Figure 3 is a front cross-sectional view of
slider 20 showing mesa .54 in greater detail. ‘Mesa 54
includes step 70 ‘and plateaﬁ 72. In the embodiment
shown, step 70 and plateau 72 form an angle 74 with

surface 56 of about 45°. Figure 3 also shows a cone 76

formed by optical rays entering slider 20 through lens
cap 50. In one preferred embodiment, the angle 74 and
the size of mesa 54 are selected such that cone 76
follows the side wall of mesa 54.. Alternatively, the
mesa wall can be designed to follow the cone of light,
the coils are thus wrapped as closely as possible.
Thus, the present invention reduces the area of the
distal level of the mesa allowing the conductors 52 to
be more tightly coiled. .

' Figure 4 is a bottom plan cut away view of a
portion of slider 20. Figure 4 shows mesa 54 on air
bearing surface: 56 including-plateau 72 and step 70.
For simplicity, electrical conductors 52 are not shown
in Figure 4.

_ The present invention provides a number of
benefits over the prior art. This includes reducing: the

‘length of the electrical conductor of the coil to

thereby reduce the resistance of the coil which results
in 1less heating. Further, the coil structure is
narrowed in the region closest to the mesa thereby
increasing the magnetic field of the coil while reducing
the number of turns and the current required to produde
the magnetic field. (Note that the reduced number of
turns also zreduces the resistance of the coil.)
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. . .- Further, by reducing the number of turns required in.the
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- coil structure, the inductance of the coil is reduced
. .such that the switching time may also be reduced. ' This-
permits faster switching thereby allowing increased data’

rates. Additionally,:a full radius is provided at the

~ends of the mesa to thereby provide a smoother coil
. transition and reduced resistance in - each of the turns

in the coil. The step structure of the mesa also
reduces the probability that the first coil regions will
be electrically shorted. .The offset coil structure also

.. reduces the overall height of the coil. Preferably, the:

coil is located below the plateau 72 of the mesa 54.
The present invention can be employed with any

__type of optical system using a coil. and is not limited.
. to the particular embodiment of a SIL _get forth herein.-
.. Further, multiple steps may be formed. -The angle of the-

steps. may - be  adjusted as appropriate for design
constraints and system optimization. A smooth side wall:
or other side wall geometries may also be used. The

‘mesa structure may be: formed directly in the slider or-
‘may - be -fabricated . separately.  The ‘particular-

fabrication' techniqgues are not. limited to those ‘set
forth herein. ' '

Although the present invention has been
described with reference to. preferred embodiments,
workers skilled in the art will: recogniie that changes:
may be made in form and detail w:.thout depart:.ng from -
the spirit and scope of the 1nventlon._- - '

PCT/US97/18065
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WHAT IS CLAIMED JS: | |
1. An optical disc storage system, comprising:
an optical disc having a data surface;

an actuator arm having a distal end
selectively radially - positionable
adjacent the data surface; -

a transducing element including an optical
source and an electrical conductor
formed in a coil;

a controller coupled to the actuator arm and
the transducing element for positioning
the actuator arm and for transducing
information on the data surface through
the transducing element, the controller
supplying a current to the electrical
conductor during a write operation; and

a slider coupled to the distal end of the
actuator arm - and carrying the.
transducing element, the slider having a
top surface and: an air bearing surface.
adapted to move adjacent the data
surface as the disc rotates, the air
bearing surface including a mesa formed
thereon and configured to accommodate
the coil, the coil proximate the air
bearing surface and extending around the

_ mesa. _

2. The optical disc data storage system of claim
1 wherein the opi:ical source includes a focussing
mechanism and the mesa comprises a portion of the
focussing mechanism.

3. The optical disc data storage system of claim
2 wherein the mesa includes a plateau adapted to couple
light to the data surface through an evanescent field.

-+ This Sheet.-Has Been Replaced:
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4. - The optical disc data storage system of claim
*."1 wherein the mesa has a tapered side wall-.
5. - The optical:disc data storage system of claim

4 wherein light from the optical source passes through - -

- the mesa substantially forming .a cone, and a cross-
sectional area of the tapered side wall is greater than

. a cross-sectional area of the cone whereby the cone does -

- not ‘'extend beyond the tapered side wall, and the taper
of the side wall is selected to substantlally match the-

- taper of the cover. - . S :
6. . The optical disc data storage system of claim

4 wherein the tapered side wall is formed by at least -

one step in the mesa. S ' '

7. - The optical disc data storage system of claim
-4 wherein a portion of: the electrical conductor is
"positioned on the step. _

8. B The optical disc data storage system of claim

7 wherein the electrical conductor includes a first coil
- plane and a second coil plane; the first coil plane

.. adjacent the step and the second coil plane adjacent the .
- slider and positioned between the first coil plane and
the air bearing surface of the slider. )

9. The optical disc data storage system of claim

4 wherein the tapered side wall forms an angle of about
- 45° with the air bearing surface of the slider.

10. - The optical disc data storage system of claim

2 wherein the focussing mechanism includes a Solid

Immersion Lens (SIL) and the mesa forms a portion of the
- SIL. '

11. The optical disc data storage system of claim

1 wherein the mesa is formed in the sl:.der through a

masking and etching process. '

12. - 'The optical disc data storage system of claim

1 wherein the optical_ source includes a lens cap coupled -

This Sheet Has Been Replace
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to the top surface of the slider and substantially’

aligned with the mesa. _ :

13. The optical disc data storage system of claim
1 wherein the mesa is elongated in a plane of the air -

bearing surface. _ '

14. ~ The optical dlsc data storage system of claim

1 wherein the optical source includes a laser.
15. The optical diSCLGEEa-stbrage_system of claim

1 wherein the coil is formed in a manner to increase the
electrical inductance and decrease the electrical
resistance of the electrical conductor.

-This Sheet Has Bee '

A III i



