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STORAGE DISK COMPRISING DEPRESSIONS AND/OR RAISED FEATURES
Field of the Invention | _
The present invention relates generally to storage media and more particularly to
storage media that utilizes depressions and/or raised features.
Background . .
Data storage on a rotating sforage media requires position sensing information to
be included on a part of the media surface so thét a data can be accurately accessed using
the media. Prior art devices have traditionally used different methods to encode and store
this position sensing information. '
Traditional Winchester magnetic storage systems use magnetic signals recorded
in the thin film media surface for this purpose. The position sénsing information is

typically recorded by the same systems used to write data to that surface in a process

- known as servo writing. The position sensing information is recorded on the media by an

external servo writer to provide track identification and position, which is then bsed
during the writing and reading process to accurately position a flying head during these

operations. Typically the data is arranged in a concentric series of tracks, each track

‘being made up of a number of sectors, which each in turn contain multiple bits of binary

- data. Since the position sensing information is recorded on each recording surface of the

storage media one disk at a time, the time required to complete the servo writing process
increases as the total number of disks, sectors and tracks increases. .-

In optical data storage systems using optical disks, for example, CDs and the like,
diffraction informatioh obtained from light reflected from disks may be used to provide
the position sensing information.

In other optical data storage systems embossing processes may be used. Here the
servo sector information maybe written using optical lithographic systems. A series of
pits'may formed and replicated onto a surface of a metal mold. Numerous plastic disks
with accurate copies of this pattern may be produced by injection molding processes.
Since the molding operation is fast and low-cost, the complete servo information is
provided on the entire disk surface with this inexpensive process, making writing' of

individual sector information on the disk unnecessary.
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In such optical sYstems the pits’ are typically 'r_e_duired to have ‘very tight
dimensional tolerances to perform adequately in their intended use:  For example, the
depth of the pits should be controlled to a specrﬁc fractlon of the wavelength of light
used, for example, 1/4 wavelength of 650 nm hght The observed servo signal is caused
by destructive mterference that occurs between light reﬂected off the pits, so that changes
in the pit depth result i m changes in the magmtude of the reﬂected optical signal. Since

interference is used to generate the s1gnal significant lateral changes in the size of the

* spot can cause the ad]acent pit edges to effectively overlap, reducmg the magnitude and

distorting the shape of the servo signal. Thus, au,umulatron of contaminants in the pits
can act to reduce the amphtude of the reﬂected signal. Also, the presence of pits can act
to reduce the smoothness of the disk and thus can cause head flyability problems for
heads that are mtended to fly near the surface of the media surface.

Magretic and optrcal technologres can be combmed whereby the optics are used
to transmit-light to provrde thermally assrsted recordmg and reading of data on a storage
disk. In this type of magnetlc-optrcal system plts may also be provided for servo tracking
in the manner descnbed above. However, the apphcauon of the light to the storage disk
can cause undesired heatmg effects in the storage drsk -

What is needed therefore, is a method and apparatus that acts to reduce the
undesired effects of p1ts and heatmg ina magnetlc-storage dnve of the prior art.
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Summary of the Inventioi. _
The present invention provides for the enhancement of the storage capacity of a

data disk drive while reducing optical path optics, electronics and/or the mass and

- complexity of associated read/write heads. The system utilizes light transmitted by

optical elements to servo track a data disk and to heat the data disk during writing and
reading of data, and inductive and magnetic elements for actual writing and reading. -

- The data storage disk may include depressions and/or raised featurgs, which may
be filled and/or polished with various materials. In this way, a smooth surface is
provided for the read/write head that is aerodynamically maintained in a flying condition
very close to the data disk surface. By providing a smooth surface, accumulation of

‘contaminants may be reduced or eliminated. The filler material may be made to be

reflective such that an optical signal reflected from the depressions and/or raised features
can be provided with a larger amplitude. The reflection of the light from the material -

~ used for filling the depression and/or raised feature may be used for sector identification

and track following. Additionally, the depressions and/or raised features may be made to
present a reflective area that is proportional to the radius of the data disk at which they
are disposed. Consequently, the frequency content and/or amplitude variations of the
reflected optical signal may be minimized over a radius of the data disk. _

In the present invention, the data storage disk may further comprise a set of
channels and/or mesas disposed in-between data tracks comprising the data storage disk. -
The channels and/or mesas may be used to thermally channel and direct the thermal
effects of the light applied to the data disk such that the shape of data domain marks that
are used to store data along the data tracks may be confined in a cross track direction and
defined to more accurately match a preferred rectangular or square geometry. . The
storage density and SNR may consequently be increased. The channels and/or mesas
may be also be filled with a filler material. o

The invention includes the formation of a master pattern of depressions or raised
features and the subsequent transfer of that pattern to a disk substrate. On top of that
substrate, .at least one sacrificial layer is provided atop a relatively hard layer. By

sacrificial layer it is meant that the layer is relatively easy to etch or otherwise remove in
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- a controlled planar step. By a hard layer, it is meant that the layer is relatively polish or

etch resistant. A data storage layer may serve as this hard layer o
For example, in a magneto optlcal des1gn the recordmg stack may be provided

‘with both silicon mtnde and silicon dioxide top ‘layers,’ w1th the silicon dioxide layer

acting as a sacrificial layer to ensure that the hard layer, of srlrcon nitride, remains at the

end of the process. In a further alternative, a layer of alummum or aluminum alloy may

' 'be deposrted with the alummum plugs ﬁllrng the depressrons or raised features (created

by the embossed servo mformanon) to a level higher than any of the adjacent layers of

silicon dioxide, silicon mtnde or similar that die electric layer Since the polishing rate

.of the aluminum can be far faster than that of the silicon dlox1de, then the aluminum can

. be etched or otherwrse removed down to a level equal to or slightly below a’ planar

surface with the srlrcon droxrde, w1th the srhcon dioxide layer allowing for some small

~ level of over pohshmg 'l‘hus, the silicon mtnde layer is preferably protected the silicon
- dioxide layer partially remams and i is “partially removed, and the aluminum metal whrch
15

fills the pits rises only to alevel substantrally equal the very ﬂat top surface of the silicon-

' dmxxde

Altematrve ﬁller materials may be used in a srmrlar process as.long as an
appropriate selectwe removal process is avmlable w1th sufﬁctent selectivity. -In this
example, the alummum functions as a sacnﬁcral layer; the srhcon back side is effectively

served as a hard layer, and it is removed more slowly In an alternative embodimernt, the

- silicon dioxide layer could be omitted, with the silicon mtnde layer now being the hard

layer. For convent:lonal magnetrc recording disks, the depressrons or raised features may
be filled with a non—magnetrc material such as alummum, glass or polymer, such as
polyamide, or a- magnetrc matenal of higher ‘or lower permeability, coercivity, or
susceptibility and pollshed smooth. Such fill material agam is selected on the basis of its
removable selectivity relatrve to the basic hard material of the magnetic recordmg disk.
The present mventron may comprise a storage disk, the storage disk comprising a
substrate, the substrate compnsmg a top surface and a bottom surface the top surface and
the bottom surface defined by raised surface portions and depressed surface portions, the
raised surface portrons of the top surface and the ralsed surface portrons of the bottom
surface disposed along planes that are substantially in parallel opposition to each, and the
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depressed surface . portio : disposed betv;égn the planes;’ §t least one layered first
material, the at least one layered first material comprising a top surface and a bottom
surface, the bottom surface of the at least one layered first material disposed above the
raised surface portions and above the depressed surface portions, and the top surface of
the at least one layered first material disposed to extend above the raised surface portions
and above the depressed surface portions; a layered second material; the layered second
material comprising a top surface and a bottom surface, the bottom surface of the layered
second material disposed above the top surface of the at least one layered first material
and above the depressed surface portions, and the top surface of the layered second
material disposed above the raised surface portions and above the depressed surface
portions; and a layered third material, the layered third material comprising a top surface
and a bottom surface, the bottom surface of the layered third material disposed above the
top surface of the layered second material and above the depressed surface portions, and
the top surface of the layered third material disposed at a level of the top surface of the .
layered second material. The layered third material may comprise a metal material, a
polymer material, or transparent material. In the present invention the storage disk -
preferably comprises a topmost surface and a bottom most surface, wherein the topmost
surface and bottommost surface are substantially flat over their entire surfaces. The at -
least one layered first material may comprise a storage layer and a readout layer. The at
least one layered first material may comprise a magnetic material. The raised surface
portions and the depressed surface portions may comprise a servo pattern. The storage
disk may comprise a plurality of data tracks, wherein the raised features comprise mesas

or channels, and wherein the mesas or channels are disposed between the plurality data

. tracks.

The present invention may comprise a disk drive, including a disk substrate, the

disk substrate comprising a surface, the surface comprising raised features and depressed

. features, the raised features comprising a topmost level; and a filler material, wherein the

filler material is disposed in the depressed features to a level substantially equal to the

- topmost level of the raised features. The disk drive may further comprise a source of

light, wherein the light is directed along an optical path between the source and the disk
substrate based on a reflection of the light from the substrate. The raised and depressed
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- features may comprise a servo pattern, wherein the light 'is'reﬂected from ‘the ‘servo

pattern. The disk dnve may further compiise @ storage layer and a source of light,
wherein the light is drrected along an optical path between the source and the disk
substrate to heat the storage layer. - ' " ' '

"The present mventlon may compnse a storage drsk mcludmg a disk substrate, the
disk substrate compnsmg a surface, the surface compnsmg a plurality of servo features,
the servo features compnsmg a dimension that is propomonal to a radius of the disk
substrate at which the ser\_ro feature_s are disposed. - ' _

" A method of utlhzmg a storage disk suﬁstrate that comprises raised and depressed
features, comprising the steps of: defining said'substrate tq .cemprise raised and depressed

: features; depositing a ﬁller material over an etch stop surface to a depth sufficient such

' that said depress'ed feat'ur'es are filled to a height substantially equal or above said etch

stop surface; and drfferentrally removing said- ﬁller matenal so that said filler material

. over said etch stop surface is removed with httle or 1o removal of said etch stop surface
“to-leave a substantrall_y p_lanar sm'f_ace compnsmg.sard ﬁlle_r material and said etch stop

surface. : :
' - 'The method may further include the step of deposrtmg a sacrificial layer over the
etch stop surface and: before deposrtmg the ﬁller matenal layer; and wherein the etching

- step substantially etches the filler and the sacrificial layer to leave a substantially. planar

surface comprising the etch stop surface and the filler material. The etch stop. layer may -
comprise silicon nitriéle and wherein the sacrificial layer comprises silicon dioxide.

The present in%rention may.comprise a storage disk, lncluding' a disk substrate, the
disk substrate compnsmg a surface, the surface compnsmg raised features and depressed
features, the raised features comprising a topmost level and disk substrate leveling
means for leveling tl__l_e -depressed features t0 a level substantrally equal to a topmost level

of the raised features.

Other features and advantages of the present mventlon will become apparent to
person of skilled in the art who studres the followmg mventlon disclosure. The present
invention is not be. lnmted to the specrﬁc embodlments dlsclosed in this application or
any equivalent thereof as the mventxon as described, may be used in any of a number

ways, known and unknown at this period of time.
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Brief Description Of thé Drawings

In Figure 1, basic elements of a data storage system are seen;

In Figure 2a, a disk of the present invention is seen in detail;

In Figure 2b, a typical servo sector is seen; |

In Figure 2c, views of storage and readout layers of the present invention are seen;

In Figure 3, a diagram showing a representétive optical path is seen;

In Figures 4a-n, various views a head of the present invention are seen;

In F_igure 5, views bf storage and readouf layers of the present invention are seen;

In Figures 6a-d, steps for the formaﬁon of a servo pattern is seen;

In Figure 7é-b, signals c_ierived from a servo pattern is'seen;

In Figure 8a, a substrate comprising raise_d and depressed features is séen; _

In Figures 8b-e, simulations of heat diffusion resuiting from application of an outgoing .
laser beam to a media comprising no chénné_ls and channels are seen;

In Figures 9a-e, formation of a disk _comprising mesas and raised features is séen§ and

In Figures 9f-i, representations of temperature profiles in a disk comprising mesas and
no mesas is seen. o |
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Detailed Descngtlon

The present mventron provrdes for the enhancement of the storage capacity of a

data disk drive while’ reducmg optical path optlcs electromcs and/or the mass and

* complexity of assoclated read/wnte heads. The- system utilizes light transmittéd by

optical elements to servo track a data drsk and to heat the data disk during wntmg and
reading of data, and 1nduct1ve and magnetlc elements for actual writing and readmg

The data storage drsk may include depressrons and/or rarsed features which may
be filled and/or pohshed with vanous matenals In tlns way, a smooth surface is -
provided for the read/wnte head that is aerodynam:cally mamtamed ina ﬂymg condition -
very close to the data drsk surface By provrdmg a smooth surface, accumulation of

contaminants may be reduced or elumnated The filler material may be made to bec .

K reﬂectrve such that an opncal s1gnal reﬂected from the depressrons and/or raised features, :
- canbe provrded wrth a larger amphtude The reﬂectlon of the light from the matenal
- used for filling the depressxon and/or raised feature may be used for sector identification
: "and track following. Addmonally, the depressrons and/or raised features may be made to -
- present a reflective area that is proportronal to the radxus of the data disk at which they -
.- are disposed. Consequently, the ﬁ'equency content and/or amplitude variations of the -

- reflected optical srgnal may be mrmnuzed overa radtus of the data disk.

In the present mventlon, the data storage dlsk :may further comprise a set of

~channels and/or mesas drsposed in-between data tracks comprising the data storage disk.

The channels and/or mesas may be used to thermally channel and direct the thermal

+ effects of the light app]led to the data disk such that the shape of data domain marks that
* are used to store data along the data tracks may-be conﬁned in a cross track direction and

defined to more accurately match a preferred rectangular or square geometry. The
storage density and SNR may consequently be mcreased The channels and/or mesas
may be also be filled wrth a filler material. _

This present -myentlon is not to be limited to the specific embodiments disclosed
in this application or any equiyalent thereof, as the invention, as described, may be used

in any of a number ways, known and unknown at this period of time.
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Referring now to Figure 1, basic eleéments of a data’ storage system incorporated

as part of the present invention are seen. Figure 1 shows a storage system 100

comprising an actuator assembly 120 which moves a flying read/write head 106 for

writing and reading of data to and from a plt_;rality of radially spaced apart concentric and
circular data tracks 103 on at least one i'otating data storage disk 107.

Referring now to Figure 2a, a disk of the present invention is seen in further

detail. For the purposes of describing an embodiment of the present invention, a

particular data architecture of the disk 107 is described. | | :

- The disk 107 is circumferentially divided into a plurality of ﬁniformly and

_ circumfereﬁtially spaced apart wedge shaped servo sectors 212 extending contiguously.

outward from a center.

A corresponding plurality of wedge shaped and spaced apart data sectors 216 are

interposed circumferentially between and adjacent to each of a respective pair of servo
sectors 212. The data sector 216 includes a plurality of data bits (marks) comprised of
magnetic domains 281 that are used to store information on the disk 107. The magnetic

data domain 281 marks are separated with a constant linear spacing along the data tracks

103. The data tracks 103 are spaced apart radially with a nominal constant radial data
track pitch Tp. _ _ _
Referring now to Figures 1 through 4a-f, a data storage system of the present:

invention will now be described. Figures _1 through 4a-f are provided to show a general:

structure of an exemplary storage system 100, which comprises optical elements for
reading the servo sectors 212, as well as optical,' inductive, and magnetic eleménts for
writing and reading data bits to and from the data sectors 216.

As seen in Figure 1, system 100 includes a set of flying heads 106 that are
adapted for use with a set of double sided disks 107. One flying head 106 is provided for
each surface of disk 107. The heads 106 are coupled to a rotary actuator ﬁlagnét and coil
assembly 120 by a suspension 130 and actuator arm 105 by which they are positioned
over the surfaces of the disks 107. In operation, the disks 107 are rotated by a spindle
motor to generate acrodynamic lift forces between the flying heads 106 and the rotating
disk 107. The aerodynamic forces maintain each flying head 106 in a flying condition

-above the surface of each disk 107. The lift forces are opposed by equal and opposite
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spring forces supplied by ":_rhe suspensions 130. During non-operation, each flying head

106 is maintained statmally ina stoiage condition away ﬁ'om the surface of the disk 107,
typically on a ramp (not shown) away from the surface of the disk 107.

System 100 further iricludes a laser optics assembly 101, an optical swnch 104,
and a set of opncal ﬁbers 102. Each set of optxcal fibers 102 are coupled-along a
respectlve one of the set of actualor arm s 103 and suspenslons 130 to a respective one of
the set of flying heads- 106 ' k

The laser optlcs assembly 101 includes a diode laser source 131 of a type well
known in the art. The lascr optics assembly 101 d1rects the outgoing laser beam 191
from the laser source 131 towards an optical switch 104." The laser optics assembly 101
receives the reflected laser beam 192 and processes the sxgnal for output as a signal 149.

Referrmg now to Flgure 3, there is seen a dlagram showing a representative

- optical path of the system 100 in further detail. In the preferred embodiment, the
- - representative optlcal path mcludes the optlcal sw1tch 104 one of the set of optical fibers
15

102, and one of the set of flying heads 106. The optlcal sw1tch 104 provides sufficient
degrees of seleetrvrty for dlrectmg the outgomg laser beam 191 toward a ‘respective
proxnnal end of a respectlve optlcal fiber 102. The outgomg laser beam 191 is directed
by the optical fiber 102 to exit a. respectwe dlstal end so as to pass through the flying
head 106 onto a respect:ve disk 107 o ': : :

The aforementxoned optlcal path is bl-drrectlonal in nature. A'ceordingly,
reflected laser beam 192 is directed through the flying | head 106 and towards the distal
end of the optleal ﬁber 102 The reflected laser beam 192 propagates along the optical
fiber 102 to exit at its prox1mal end and is selectively routed by the optical switch 104 for
transmission to’ laser-optlcs assembly 101 for subsequent conversion to a signal
representative of the- servo information embedded in the § servo sectors 212,

Referring now to ‘Figure 2b, a typlcal servo sector m seen. ' In Figure 2b, there is
shown a magmﬁed pomon of a typical servo sector 212 ‘The following description will

* briefly summarize the- ;_r_easons for providing the. outgomg laser beam 191 1o selectively

access information ebmprising the servo sectors 212. The servo sectors 212 comprise
encoded servo infonnaﬁen that includes a coordinate reference system that enable access
to data in data sectors -_'2".16 of the disk 107, In the preferred embodiment, the data tracks

10
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itoded information: servo
timing marks (STM) 217, data track address marks 232, and fme cxrcumferentlal position
error signal (PES) servo burst marks 252. As described below, the servo sectors 212 may
be embossed on a surface of a substrate 245 (Figure 2c) comprising the disk 107 or

otherwise formed to comprise depressions or raised features. Embossing and/or molding

‘the disk 107 is understood to provide manufacturing and cost advantages. The iype of

materials from which disks may be formed has been well identified and described in a
number of published documents as is well known in the art, ,'

In one embodiment, the servo information comprises a combination of raised
features and depressed fegtures, with a representative depressed feature referenced as a
pit 215. It is understood that in another embodiment, the function provided by the pif 215
could be provided by a raised feature. Furthermore, although, the }Sits 215 are illustrated
as being elongated in shape, it is understood that the pit 215 may com_pxiée other shapes,

for example, circular or similar shape. In the preferred embodiment, the pits 215 are

~ written along certain ones of a plurality of master tracks 210m, 210m+1, 210m+2 .

The master tracks are concentrically disposed and centered and equally spaced and

- separated by a track pitch Tp/2, wherein the data tracks 103 comprise alternate ones of
- the plurality of master tracks.

The servo timing marks comprise a first pattern of pits 215 that are wntten from

the outer diameter to the inner diameter and the certain ones of the master tracks 210m,

210m+1, 210m+2 . . . to form continuous radial lines. The disk drive control system
(DDCS) of the disk drive 100 may be configured to recognize the first pattern as marking
the start of the servo sector 212 each time the first pattern is detected.

- In the preferred embodiment, the data track address marks 232 comprise a second
pattern of individual pits 215. The second pattern is decoded by the DDCS and used as

. address pointers for identification of particular data tracks 103,

In the preferred embodiment, the position error marks 252 comprise a third
pattern of individual pits 215. The third pattern comprises four concentrically disposed
segments 211, 212, 213, 214. The third pattern is used to derive position error signals for
perfonmng position adjustments of the read/write head 106 over a partxcular data track

-103 during track seeking and following as is well known in the art.

11
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Each pit 215 may c_haractéﬁzed by three di;herisior;,s that are controlled: a radial
pit width (erpw), a ciréumferential pit width (ecpw) and a pit depth (epd). The control
and uniformity of pit pbsiﬁon, and dimensions establish a basis for the DDCS to
compensate for vaﬁabili& of user recorded data by apprdp;‘ia'te' control algorithms. -

The servo'sec'to.r'?2_12 of the present invention may or may not utilize an automatic

gain control field (AGC). Preferably, an AGC field is not used so to minimize the size of

the servo sector or equivalently to increase the data storage capacity of the data sectors

216.
" In the prior art, _diffraction information may be uaéd' to maintain a position of a

head over a particular data track of a disk. 'HoweVer, in a system that uses optical fibers,

~ diffraction information @ay be undesirably degraded b_y..-_' the optical properties -of the. -
 optical fibers.  The present invention uses, instead, -feﬂec_ti_vﬁy information from the pits |

- 215. The pits 215 deSﬁ'ﬁétiVely intérfere with the reﬂéctéd'-la’ser beam 192 such that the
 beam’s amplitude changcs in proportion to. light reﬂected from the disk 107.  The
15 -

changes in amplitude are embodxed in the reflected laser- beam 192 and are summed by -
well known optical an_d_ -_electrlcal detection techmques on the laser optics assembly 100 .
for output as the Signzil_ 149. The signal 149 is used as apbsition error signal (PES) to. . -
maintain the position af the head 106 over the disk 107. Itis understood, of course, that
in a system that does not utilize optical fibers, diffraction information from a data disk -

" could be used for servo tracking and, thus, the bresént -ih?énﬁon would not be limited to

pits 215, but could instead comprise the use of diffraction information from-other servo
tracking features, for éxa;nplé, channels and the like. |
Referring now to Figures 4a-n, various views of a head of the present invention
are seen. In Figures 4a-g the flying head 106 is shown for use above a recording/storage
layer 355 of one of the set of disks 107. The flying head 106 includes: a slider body 444,
an air bearing surface 447 areflective substrate 400, and obJectwe optics 446. The slider
body 444 is d1mens1oned to accommodate the working dlstances between the objective
optics 446, the opncal fiber 102, and the reflective substr__ate 400. The reflective substrate
400 may include a re_ﬂéétiv'e surface, which is aligned so as to direct the laser beams 191,

192 to and from the disk 107 and, for example, for fine tracking purposes. In one

embodiment, the reflective ‘substrate may comprise a ‘micro-machined mirror- as is

12
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described in commonly a;51éhed U.S. Patent Application No. 08/844,207, entitled "Data

Storage System Having An Improved Surface Micro-Machinéd Mirror," which was filed

on 18 April 1997 and which is incorporated herein by reference. In the preferred

embodiment, the reflective substrate 400 includes a small (in one embodiment, less than

300 um square) steerable reflective central m_irror portion 420 (illustrated in Figure 4a by _

dashed lines representative of the reflective central mirror portion on a side of the
steerable micro-machined mirror assembly opposite to that which is visible). The small

size and mass of the micro-machined mirror contributes to the ability to design the flying

_ head 106 with a low mass and a low profile. As used in the present invention, fine
- tracking and short seeks to a series of nearby tracks may be performed by rotating the
steerable reflective central mirror portion 420 about a rotation axis so that the =

_ propagation angle of the outgoing laser beam 191 and the reflected laser beam 192 is

changed before transmission to the objective optics 446. As cross track data track

densities incréase, it is understood that a hi-bandwidth low mass means of fine tracking, -
as provided by the micro-machined mirror, would be useful. A low mass hi-bandwidth _
mirror The reflective central mirror portion 420 is rotated by applying a differential
voltage to a set of drive electrodes 404, 405. The differential voltage on the electrodes

creates an electrostatic force that rotates the reflective central mirror portion 420 about a

. set of axial hinges 410 to move the focused optical spot 348 in a radial direction 450 of .
the disk 107. In an exemplary embodiment, a rotation of appxoximafely +2 degrees -

(equivalent to approximately +4 tracks) of the steerable reflective central mirror portion.
420 is used for movement of the focused optical spot 348 fbr storage and reading of
information, track following, and seeks from one data track to another data track. In
other embodiments, other ranges of rotation of the steerable reflective central mirror
portion 420 are possibie. Coarse tracking may be maintained by adjusting a current to the
rotary actuator magnet and coil assembly 120 (Figure 1). In the prior art, conventional
multiple platter Winchester magnetic disk drives use a set of respective susp_ensioﬁs and
actuator arms that move in tandem as one integral unit. Because each flying magnetic

- head of such an integral unit is fixed relative to another flying magnetic head, during -

track following of a particular magnetic disk surface simultaneous track followihg of.

- another magnetic disk surface is not possible. In contrast, in one embodiment of the

13
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"-"present mventton, nrrespectxve of the movement of the set of actuator arms 105 and set of

suspensions 130, a set of the steerable ‘micro-machine mm'or assemblies of the present
invention may be used to operate mdependently and thus permit track following and
seeks so as to read and/or write information using ‘more’ than one disk surface at ‘any
given time. Independent track followmg and’ seeks using a set of concurrently operating

steerable mlcro-machmed assembhes 400 “would preferably require a set of separate

respective fine trackmg and mlrror dnvmg electromcs :

Although slider body 444 may mclude mdustry standard "mini", "nano", or "pico"

' shders, alternatlvely dlmenswned sllder bodles 444 may also be used.

The optlcal fiber 102 is coupled to the slider body 444 along an axial cutout 443,
and the ob]ectlve optxcs 446 is coupled to the slider body 444 along a vertical corner

cutout 411. “The cutouts 443 and 411 may be designed as channels, v-grooves, or any

other suitable ahgnment features or means for couplmg and ahgmng the optical fiber 102

 and obJectwe opncs 446 to the ﬂymg head 106 The laser beams 191 and 192 traverse an
- .optlcal path (to and from the disk 107) that' mcludes the ﬁber 102, the reflective substrate
~ 400, ‘and the objeetxve opncs 446 “The optlcal fiber 102 and the objective optics 446 are -
" posmoned to focus of the outgomg laser beam 191 within the spot of interest as a focused

' optlcal spot 348. The optlcal fiber 102 and the ohJectwe optlcs 446 may be subsequently

secured in place by usmg ultrawolet cunng epoxy or s1mxlar adhesive. Although the

optical elements compnsmg the” optrcal ﬁber 102, the ob_]ectwe optics 446, and the

" reflective substrate 400 are illustrated to be allgned along an optical path offset from a
-+ longitudinal central axrs “of the’ ﬂymg head 106, it~ 1s understood that in. other

~ embodiments these opt1cal elements could be ahgned along some other optical path for -

instance, along the longrtudmal eentral axis, as lllustrated 1n Figure 4g.
- Referring now to Flgures 4h-n, addmonal elements comprising the head of the

* ‘present invention are seen ina top and srde cross-sectlon In a preferred embodiment of

the present invention, the ﬂymg head 106 may further include a conductor-C element, a
shield-S1 element a shleld element-S2 and magnetlc elements, including: a permalloy
pole plece—Pl a pennalloy pole - piece-P2, a magnetoresxstlve element-MR, and a
pre/erase magnet 1064 In the preferred embodiment, the élement MR comprises a class

of magneto “resistive elements which may be made to provide more sensitivity than
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' reading more narrow data
domains marks, and thus, narrow data track pitches, for example, a Giant
Magnetoresistive (GMR) element. GMR head technology, is well known in the art and is
described in, for example, “Giant Magnetoresistance: A Primer” by Robert White, IEEE
Transactions on Magnetics, Vol. 28, No 5, Sept. 1992, incorporated herein by reference.
Although in an exemplary embodiment the element MR comprises GMR téchnology, itis

understood that the present invention is not to be limited by this embodiment as other

types of elements are within the scope of the present invention, for example, Spin Valve
elements and the like. _ . ¥
In the preferred embodiment, data is written by directing magnetic flux generated .
by conductor C using the magnetic pole pieces P1, P2, and read using elements S1, MR, .
S2. In an exemplary embodiment, the elements comprise a lum thickness suitably
positioned - so as to extend over a lateral temperature profile 279 formed in a
recording/storage layer 355 by the spot 348 and a 8um width to allow for reading and
writing by the elements as the optical spot 348 is scanned back and forth by the reflective.
substrate 400. _
- In achieving the reading of narrow data track pitches the present inveﬂtion -
addresses a number of problems. A first problem is that when data tracks are placed
close together, a very high servo tracking error rejection should be implemented for data

tracking; for example, a track pitch of 1pum may require a cross-over frequency of greater

. than 2 kHz. In the present invention, this concern is addressed by utilizing the fine

tracking capabilities of the micro-machined mirror, which was described in an
embodiment of the reflective substrate 400 above, such that high speed fine tracking can
be achieved with an improvement on the order of at least 10x over the prior art.
Secondly, the writing of the radial and circumferential position servo patterns
(servo writing) requires accurate placement despite disk flutter and spindle bearing non-
repeatable runout. One can expect a servo writing accuracy of about 0.2um with 0.8 mm
thick 3.5-inch disks. In the present invention, this concern is addressed with reference to
the description of the pits 215.above, such that near perfect patterns of servo patterns may

be achieved with accuracy down to at least Snm..
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A third problem is that writing of data may cause side-erasure of data tracks on
the order of about 03 um Side erasure is preferred 'for proper operation of ‘the
recordlplayback process to ‘eliminate old information. However, the side erasure scales
within the gap width of the wnte elements, and the gap width is determined by-the
desired magnetic data domarn densrty, which is preferably as hlgh as possible.

Finally, head desrgn presents problems - assocrated with tolerancing. The

' photolrthographrc tolerance in manufactunng magnetic head elements is about ten

percent of the thickness’ of the elements If the head elements are about 4pm thick; the
tolerances would be about_ 0.4um. '

The last two pro_blems from above are addressed-’by- the present invention as

N descnbed below.

Referring now to Figures 5a-c, views of storage and readout layers of the present

‘invention are secn. The followrng description summarizes how the outgoing laser beam

191 is used to selectively access mformatron from the data tracks 103 comprrsmg the data

: sectors 216 of the disk 107

In the preferred embodiment, 'the disk 107 compnses a class of media- that

" .“includes at least two magnetlc layers that interact, 1ncludmg a storage layer 202 and a

readout layer 204. An exemplary ‘'media may comprise a magneto- -static media or an .

' " exchange coupled medla The storage layer 202 is preferably of a high coercivity

20

25

~material that supports a desrred data bit density. An advantage -of a high coercivity
storage layer is that it lxas potentral for overcoming the superparamagnetrc limit (i.c., the

tendency of adjacent domains to dernagnetlze each other) The coercivity -is-preferably
high enough that the magnetre domain marks i in the storage layer 202 cannot be written to
at temperatures below 65 C. “However, by heating the storage layer 202 with the
outgoing laser beam 191 ‘the coercrvrty of the storage layer 202 is preferably lowered '
enough such’ that bits can be written toa storage locatron comprising magnetic domains
(hereinafter referred to as a data domain ‘mark/s 281), in‘ ‘the storage layer 202 by the
elements P1, P2, C. It 1s understood that in an embodrment in which the storage layer

© 202 exhibits a honzontal amsotropy (e g CoCr), the PY; :P2, C elements will orient the
30

data domain marks 281 longltudmally with an in plane onentatlon (Figure 5b), whereas:
in an embodiment in wluch the storage layer 202 compnses a material that exhibits a
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~vertical anisotropy .(e._gf ‘TbFeCo) the data domain marks 281 will be oriented vertically

with an out of plane orientation (Figure 5c). _ B
In the preferred embodiment, the readout layer 204 may comprise a class of media
that exhibits a temperature dependence that is a function of its magneto-crystalline

anisotropy. The layer 204 is also responsive to heat, however, the readout layer 204 is

_ responsive in a different way than the storage layer 202.

In one embodiment, the readout layer 204, is magnetized such that flux emanating
from the data domain marks 281 in the underlying storage layer 202 cannot be read when
not heated, for example, as described by K. Aratani, et al, Proc SPIE 1499, 209 (1991),
which is incorporated herein by reference. In fhis embodiment, to read the data domain
marks 281, the readout layer 204 is heated by the outgoing laser beam 191 to a lower
temperatufe than the storage layer 202 is heated for writing. In doing so, a temperature
profile 279 is formed in the readout layer 204 by the oﬁtgqing laser beam 191 as the disk
107 rotates. In this embodiment, at a particular temperature along the temperature-proﬁle
279 creates an aperture 580 in the readout layer 204, wherethrough flux eman_ating. from

. the data domain marks 281 beneath the aperture is coupled to vertically align a region of '

‘magnetic domains in readout layer 2_04 above and such that the magnetic domain marks
in the readout layer 204 can subsequently be detected by head 106 elements S1, MR, S2.
The thermal time constant of the readout layer 204 should preferably be long so that the . -
heat generated by the optical spot 348 will not dissipate by the time the héad- elements

‘MR, S1, S2 pass over the spot. In this embodiment, the flux from tl_xe data domain marks

281 is understood to be accessible only during the time at which the outgoing laser beam
191 is applied to form the aperture. Preferably, the aperture will be preferably smaller

that the spot 348 diameter and the outgoing laser beam 191 will, thus, not limit the

resolution in the track direction, but will define the readout resblution in a cross data
track 103 direction (radially). _

-In another embodiment, the media 107 compris_es_a storage readout layer 204 that
may function in a manner that when heated by an optical spot 348 to an appfopriate
temperature, flux from the data domain marks 281 in the storage layer 202 below couple
to align the magnetic domains in the readout layer 204 above, however, unlike in the

embodiment described above, when power to the outgoing laser beam 191 is turned off,
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" the magnetic domains in the copy layer 204 remain in an aligned orientation.  In this

embodiment, the pre/erase magnet 1064 may be positit)ned'oh a trailing edge of the head
106 for subsequent reahgnment/erasure of the magnetic dohtains in the copy layer 204.
In an exemplary embOdirhent, the pre/erase magnet 1"064"_eompri5es a rare earth material
such as to pmVide'sufﬁefent magnetie field Strength for the' realignment/erasure In other
embodiments, tt is understood that the pre/erase magnet 1064 could also be located on a
leadmg edge of the head elements 106 or on or off the head 106. Because the magnetic
domains remain onented in the readout layer 204 unttl erased it can be understood that

in this embodiment, the thermal aperture 580 described above does not need to be relied

. upon for readout. The room temperature coerc1v1ty of the read layer 204 is chosen so as

- not to affect the storage layer 202 but so it can be erased by the pre/erase magnet 1064.

In this alternative embod_lment, because the magnetic do_rnams in the readout layer 204

remain aligned until era'sed, fabrieation of .:the head elements S1, MR, S2 is made easier

. since the elements do not need to be situated close to the optics 446.

In yet another 'enrboditr’xerz'tt_l, the media 107 may comprise a single layer of’

amorphous magnetic material that can be used. In:this émbodiment, a relatively thick
. (~100nm) single layer. of a suitable rare earth- n'anSiﬁon metal (RE-TM) can be tailored

for both laser-assisted thermomagnetrc wntmg and readout- by the elements comprising

the head 106. A composmon of the femmagnettc RE-TM film is chosen such that the

-compensation temperatu_re is near room temperature, provxdmg hrgh coercivity for safe

storage of the media 107' and diminished eoercitiity at elevated temperature to enable

writing. This same de51gn will have near-zero remanent magnettzatton (and no read
signal) near room temperature, and sufﬁclent magnetlzatron for selective readout of the
data track (with little adjacent track_ crosstalk) at the moderately elevated temperature of
the reading beam.. Such a media is described by Katayama'"'et al., in an article entitled

*“New Magnetic Recording Media Using Laser Assisted Read/Write ‘Technologies,”

presented in paper 'f?:-B 05 at MORIS-Magneto-Optical Recording International
Symposium 99, on Janhary 10-13 1999 at Monterey, CA USA, which is incorporated

herein by reference.

In summary, the outgomg laser beam 191 and the reflected laser beam 192 are

used as part of an optlcal servo system to keep the flying head 106 centered over a
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particular data track. Unlike prior art optical drives, the ontgding laser beam 191 is used

to heat the storage. and readout layers 202, 204. The readout layer, when heated to a

lower temperature than the writing temperature, copies data domain marks 281 from the
storage layer 202 to the readout layer 204 such that the flying head 106 can sense the
orientation of the magnetic domains within the aperture 5§80. Although the dimension of
the elements comprising the head 106 are wider than the data track 103 pitch, the
temperature profile formed by the outgoing laser beam 191 will preferably define the
edges of the written data domain marks 281 (in the cross track direction). Thus, it is
possible to read the data domain marks 281 more narrowly than they can be wriften,
increasing the in track storage density of the system 100.

In practice, however, it may be possible that the heat applied by the outgoing laser

beam 191 to the layers 202, 204 may tend to diffuse during the transit time of the heated
region travels under the edge of the head elements P1, P2, C, S1, MR, S2. Heat diffusion
is desired such that the aperture 580 can be formed to extend far enough under the
elements head elements P1, P2, C, S1, MR, S2 for reading and writing. 'However,

because of heat diffusion, the thermal gradients that create the aperture 580 may not be |
Steep and hence the edges of the data domain marks 281 may not be well controlled or
. defined. . For reading of data by the head elements S1, MR, S2 the data domain marks .

281 should preferably comprise straight edges and should not overlap between data tracks
103.

In general, the layers 202, 204 will have different rates of he_at diffusion in

vertical (axial) and lateral (in plane) directions. _
- To understand the lateral diffusion heating process, heating a surface of the disk
107 with the outgoing laser beam 191 may be analogized to that of pouring of a viscous

fluid on a flat moving surface, wherein the height of the fluid above the surface =
corresponds to temperature. It can be understood from this analogy that the fluid would -

spread out in all directions such that the isoclines of a lateral temperature profile of
constant height would look like an expanding teardrop. An exemplary lateral

temperature profile 279 formed by the outgoing laser beam 191 was illustrated in Figure -

4h.
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"To understand the vertrcal diffusion process, the temperature profile 279:as shown

in Figure 5a, the disk 107 can be analogrzed as'a screen through which the fluid can flow.
" The vertical flow causes the gradrents (rate of change of ﬂmd height) to be more steep.

When the vertical flow'i 1s hrgh, adjacent data tracks 103 on the disk 107 would see little

~ heat, which is analogous to the fluid helght ~ Thus, if one cannot adJust the vertical to

lateral diffusion ratio, _adjacent data tracks 103 may be- over-wntten and/or irregularly

~ shaped data domain marks 281 marks may be formed. One wonld thus, like to control
- the formation of the data domam marks 281 for proper readmg by the elements S1, MR,

S2.
The present mventlon identifies that by providing channels or mesas 266 between

- data tracks 103 of the drsk 107 undesrred effects of the aforementroned vertical and

15
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.- Jateral heat diffusion can be mmumzed and/or controlled by blocking and/or directing

thermal conduction between data tracks 103 of the disk 107 to thereby provide improved

B writing and reading by the head 106 ‘elements. . Use of channels or mesas 266 will be
discussed below, but ﬂrst a further discussion of the pits 215 is provided.

‘Referring now to Frgures 6a-d, steps for the formatlon of a pattern of raised and

" depressed features and.the subsequent transfer of the features to the substrate 245 of the
. - disk 107 is seen. Th'-e:-:'steos "may'include* ‘the use of 'coni'rentional-injection-'molding
" technology to make a plastlc substrate of a material such as polycarbonate or alternate
-techmques such as the embossing of a relatrvely thin polymer layer on a substrate of -

polished glass or alumr_n_um. Alternatrvely,,features may be defined by applymg a photo
sensitive mask layer orr a substra_te such as glass or alunnnum, photo lithographically
defining the desired regmns and the photo sensitive layer, and étching the substrate by
means such as reacti\t:ze ::ion etchir_xg or ion milling followed by removal of the photo
sensitive layer. A further alternative would be applying a photo sensitive layer of a
desired thickness o a substrate material, and defining the pits directly in the photo
sensitive layer by mea_n's_"of"a photo lithographic step. * Other approaches to defining-a pit

'pattem in the substrate_fof other types of drives, including magneto optical, optical, or

magnetic can be defined, or have already been defined and do not comprise a restraint on

or a part of this invention.
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For all thetechrﬁqﬁes described above and othersﬁnﬂar techniques, except for
differential etching into a glass substrate, the features méy Be deﬁnéd ina _relatively soft
substrate, typically either plastic or aluminum or equivalent, for example, as in an
embodiment utilizing pits 215. For the later differential removal step, of which the
example to be discussed is-chemical mechanical_ polishing (CMP), a relatively hard and
polish resistant layer is needed over the substrate in order to define as nearly as possible |
the finished elevation of the disk being prepared. _

For example, in Figures 6a-6d in the disk 107 of the present invéntion, a sequence
of layers to control thermal, magnetic, and optical performance of the recording layer
may be used. -Such layers in a typical first surface design may include: a lower thermal .
spreader layer 610, for example, such as aluminum; a bottom dielectric layer 612, the
storage layer 202; the readout layer 204; and a top dielectric layer 620. In an exemplary .

embodiment, the thickness of each of these layers is about 50nm. As will be discussed,

- the dielectric layer 620 may comprise a silicon nitride layer 699 and/or sputtered silicon
- dioxide layer 618 which are both relatively polish resistance and thus can potentially
. function as a hard layer to the differential removal process. The cross-section after this

~ step is shown in Figure 6b. Once again, it must be remembered that this is just an

exemplary scquence of layers and that the present.invention is not limited to use, with

‘such a sequence of layers, but rather can be easily adapted for use with other magneto .

optical, optical, or magnetic recording disks. For example, a silicon nitride layer (not
shown) may be used between the substrate 245 and the thermal spreader layer 610 in an |
embodiment where the substrate is relatively soft. _ _ _

In a conventional embossing process for optical data storage disks, the depth of
each pit is typically about % wavelength of, for example, red light, or about 160nm deep.
With conventional pits, therefore, variations in the pit depth tolerances xﬁa_y result in

- variations in a detected reflection signal. In contrast, in the present invention, the signal

149 (Figure 1) derived from the pits 215 may be a function of the reflectivity of a filler
material and not the relatively tight tolerances required for the pit depth in the prior art.

. In the preferred embodiment, both the silicon dioxide layer 618 and the silicon
nitride layer 699 are used. The silicon dioxide layer is used as a sacrificial layer to insure

that a correct layer thickness remains at the end of the chemical polishing or other etching
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| 'process described below. In the preferred embodtment a ﬁller material 630 is deposited,

or otherwise laid down on top of the layers 610, 612, 202, 204 618, 699. For example

one filler material 630 could be sputtered aluminum or alummum alloy. - An exemplary -

 thickness is about twrce the depth of each plt 215 for example, for a pit depth of about-
- 160nm, the thickness of the filler materral 630 is about 300nm The cross-section of the

substrate 245 with the deposrted filler matenal 630 is shown in Figure 6c. In a next step,
the disk 107 is subJected to a dttferenttal removal process which, removes the filler-

‘material 630 but is stopped or substantrally stopped by the harder silicon dioxide layer
618. A useful process 1s pohshmg W1th a CMP process developed for the IC industry:

such as described in a paper by WANG etal, "Chemrcal-Mechamcal Polishing Of Dual

Damascene Aluminum: Interconnects Structures", Semtconductor International, 1/95.

~ This process uses commercrally avarlable equtpment and materials to provide polishing

selectlvrty of about 100 between the. ﬁller matetial 630 and’ the silicon dioxide layer 618..
Thus, in this part:cular example in pohshmg all 300nm-: of the filler material and with:

50% over polishing, less than 2nmi of the sacrificial. ‘silicon- dioxide layer 618 is - -

preferably removed. The resultmg surface is substa.ntrally flat, but now, with' filler

*. material 630 filling the ptts 215. The. stltcon dioxide layer 618 is next etched with a wet
- chemical etchant, wh1ch preferably ‘does not apprectably ‘etch the underlying silicon
- nitride layer 699. . . " '

Preferably, aﬁer these last steps, the surface of the d1sk 107, as shown in Flgure_

"6d, should have a maxrmum herght dtsturbance approxrmately the same as the thickness.
-of the layer 620 (perhaps 10-1 Snm) orinan exemplary erbodiment, about a factor of 10

less than the prior art. Thus, in contrast to the prior art the disk 107 of the present
invention presents a surface to the flying head 106 that is disturbance free, which allows
the head to fly stable arrd/or with a reduced flying height, which those skilled in the art
will recognize as hein'g'lreﬁeﬁcial'for néar field type optical data storage applications as
well as the flying head 106 of the present invention. Because the pits 215 are now filled
with reflective material, the reflected signal 192 will have a larger amplitude over that of
the prior art diffraction servo tracking method, for :'eXample, in an exemplary
embodiment, 3 times_larger. Furthermiore, the pits 215 of the present invention do not

present cavities subj ect to contamination from sources such as particulate matter from the
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disk 107 itself, for examp :; isk lubricant, deposition of wh would degrade the signal

149 over time. _

In a further improvement, if a small reduction in the silicon nitride layer 699
thickness can be tolerated, then no sacrificial dioxide layer 618 would be needed, and the
top surface would be even more flat and smooth.

Referring now to Figure 7a, there is seen a signal derived from pits comprising a
constant radius. As described previously, the servo sector 212 of the present invention
may or may not utilize an automatic gain control ficld (AGC). If an AGC field is not
used and if the pits are of constant size over the radii of a corresponding disk, a signal
derived from the pits may vary because of the slower velocity at an inner radius vs. an

outer radius of the disk. Figure 7a illustrates a representative unfilled pit and a

. representative servo signal derived therefrom at both an outer radius and an inner radius

of a corresponding disk. . It is seen that the pulse width of the signal may vary, a
characteristic which may affect the accurate positioning of a head over the disk. -

Referring now to Figure 7b, signals derived from pits comprising a non-constant .

radius are seen. In the preferred embodiment, the pits 215 may comprise a dimension
such that the dimension is proportional to the radius of the disk 107 at which the pits 215
are disposed, for example, a dimension comprising a reflective surface area or a radius.

The signal 149 derived from the pits 215 of Figure 7b will, thus, preferably comprise a -

similar pulse width, irregardless of the position of the pits 215 on the disk 107. = .

Consequently, variations in the servo signal 149 derived from the pulses from the pits
215 may be minimized. In an embodiment of the system 100 that utilizes a digital servo -
channel in which the pulses are sampled and integrated, a reduced sampling rate could,
thus, be utilized since the pulse width obtained from the outer diameter could preferably
be made to be the same as the wider pulse width obtained from the inner diameter of the . -
disk 107. It is understood that pits that comprise a dimension that is proportional to the
radius of the disk 107 at which they are disposed could also find utility in an embodiment
in which they are not filled with a filler material, such as in a drive .that utilizes
diffraction rather than reflection from the pits. _ _

Referring now to Figure 8a, there is seen an end on. view through a substrate .

comprising raiscd and depressed features. Figure 8a illustrates that the process for filling
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“the pits 215 may be also be used to fill the channels 266. Thus, some of the same
‘benefits derived from ﬁllmg the pits 215 with the filler matenal 630 may also apply to

ﬁllmg the channels 266 for example the benefit of provrdmg a flat surface for

" maintaining a flying head 106 over the disk 107 as well as the benefit of provrdmg a

reduction in the accumulatmn of contaminants.
Filled channels or mesas 266 between data tracks 103 of the disk 107 provxdes the
present invention with further benefits. It can be seen by further analogy :that highly

‘conductive and high heat capacrty filler material like alummum or metal in a channel 266

between data tacks 103 may act like a heat sink, whéreas a low conductivity and low heat
capacity filler material as dlscussed below may act llke a vertical wall between data
tracks 103 to block radlal heat flow. ' T __ '
 Simulations show that highly conductive filler matenal 630, such as aluminum,
causes the heat generated by -the spot 348 to diffuse, __whlch in turn may cause the

- geometry of the data’ domam marks 681 to lose their preferred rectangular or square

shape during writing of the marks. On the other hand, a low conductive fill material may -

cause the data domain’ mark edges. to be more straight and thus in an approximation,

perpendicular to the channels 266 and. stoppmg at the channels Consequently, aliminum
may not be the best choxce for the ﬁller material 630. ' '

In an exemplary embodrment, the channels 266 between data tracks 103 compnse
a relatively narrow w1dth and an aspect ratio of more than 5 to 1, which may limit the -
vertical dimensions of the channels 266 to between 100 and 1000 nm.  Sorne known type

. of filler materials that are reflective when deposited as thin layers and that may support

' these dimension and aspect ratios includes metals (i.c., the' aforementioned aluminum)

and certain types of dye polymers However, as dlscussed above metal acts undesirably
as a heat sink. Dye polymers exhlblt low conductmty and thus are usable as-filler

material, however, they are more difficult to polish. Becapse glass has low conductivity,

‘it is another mateﬁal_;yvhich could be used, however; ‘glass would be usable in an

embodiment in which i_ncreased reflection is not 'preferret_l,' for example, such as in an
optical drive that utilizes diffraction information for servo tracking.
" Referring now to Figures 8b-¢, simulations of heat diffusion resulting from

application of an outgoing laser beam to a media comprising no channels and channels
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are seen. As discusseci"?:’iﬁéve, application of a beam of lléto a media in the prior art
may result in a temperature proﬁlé that affects formation of the data domain marks 281
undesirably. Figures 8b-c illustrates temperature profiles of a typical aperture as would
be formed in the prior art, while Figure 8d-e illustrates temperature profiles that are
formed when using a disk 107 comprising the channels 266. As seen by overlaying
respective temperature profiles in Figure 8f, the temperature gradients are steeper in a

disk that comprises the channels 266 of the present invention. Consequently, the data

.domain marks 281 are better defined and formed in the in track and cross track directions.

It is seen, therefore, that the channels 266 of the present invention act to direct and-

control thermal diffusion such that the data domain marks 281 will better exhibit a

. preferred rectangular or square geometry such that a greater flux density will be provided

to the head 106 S1, MR, S2 elements during reading of data. By confining the data

domain marks 281 in the cross-track direction, uniform background noise into the_ had .

element MR can be minimized during wide writing and narrow reading, which permits a
higher storage data density over that of the prior art. _ . |
Referring now to Figures 9a-e, a disk comprising mesas and raised features is

shown. Figures 9a-e illustrate a different approach to channel heat generated by an optical.

spot 348, whereby the data tracks 103 are disposed between mesas 266 rather than = -

between channels. In this embodiment, the mesas 266 may comprise the same material

as the substrate 245, for example, glass. In fabricating the mesas 266, the process may

include using negative resist to reverse master a disk format to include formation of the
servo sector 212 patterns as well as the mesas '266_. It is understbo_d that in this
embodiment the servo sector 212 patterns may comprise raised featurcs 215 rather than
the pits. _ _ . :

Recall that above, the disk 107 may comprise layers of materials that are
deposited in the following order: aluminum, a bottom dielectric layer, a storage layer, a
readout layer, a top dielectric layer. An exemplary fabrication process for a disk 107
comprising mesas 266 may therefore comprise: mastering a glass substrate 24_5_ so that
the mesas 266 and servo patterns comprise a feature depth of between 50 and 100 nm,
depositing an aluminum or permalloy (nickel and iron) layer 610 on the substrate 245 and

chemically mechanically polishing the aluminum or permalloy using a surface of glass
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: 'substrate 245 as an etch stop, deposnmg a dielectric layer, deposmng a storage layer 202

and a readout layer 204, and deposntmg a silicon nitride 699 passwatxon layer.
' The mesas 266 preferably act to ititerrupt thermal conductlon of the thermally
conductive aluminum layer 610 radlally Because the recordmg layers 202, 204 are

relatwe thin, about 20% less thermally conductive as the under-layer, they couple

 thermally to aluminum’ :layer 610. Hence, even though ﬂtete- may be some radial heat

conduction through the':":xfe_cording layers 202, 204; there will be a thermal conduction

' discontinuity at the edge ‘of the mesas 266 between the tracks to provide a good heat

barrier. : - : e :
It is expected that'ebout 50% of the outgoing laser beein 191 will pass through the
recording layers 202, 204. The outgoing laser beam ‘191 will either be reflected by the

- aluminum at the center of the track 103 or get absorbed by the substrate 245... Typically,

about 20% of the mcldent hght wﬂl be reflected at the center of the track 103 and only
about 10% of the incident light will be reflected at the mesas 266. Thus, depending on

fequirements, a tradeoff between incident light absorption versus servo signal 149 may be

* required: Itis understood that this difference i in reflection may be used for servo tracking

il an-embodiment that utilizes diffraction information.-

Referring now to F1gures 9b-e, a representatlon of temperature profiles in a disk
comprising mesas and 1 no mesas is shown. Figures 9c-¢ show an exemplary temperature
profile distribution in the disk 107 for three snapshots in tlme ‘at 60, 90 and a 150 ns, after
the outgoing laser beam 191 is applied as'a3 ns and 1 mW focused spot 348 with a full

~ width half helght maximum (FWHM=550 nm) at the track 103 center (upper left corner

of each plot). The med_la 107 depth is in the Y direction and the radial direction of the
disk is in the X direction. The left edge of the plot is a half-track point of 350 nm. The
disk 107 film structure 1s 85 nm of silicon nitride, 20 nm' of a storage and readout layer,
55 nm of aluminum o.n_' a polycarbonate -substrate. The ‘mesa 266 extension of the
substrate rises to the bettom of the storage and readout laye;r:'so' that the aluminum layer is
broken. The width of the mesa is about 80 nm, which is centered at about 20 percent from
the right edge of Fi lgures 9c-e '

Figure 9¢ shows the vertical temperature proﬁle distribution in a disk with no

channels or mesas at 60 ns after an outgoing laser beam is applied. The thermal gradients
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in the disk are very low. {Nbte that the temperature and temﬁél‘atme per step in Figure 9d
about one-third of that before Figure 9a. This shows that for a disk 107 éompn’sing.
mesas 266, that the temperature profile distribution at the storage and read layers is quite
uniform at the track 103 center and that the thermal gradients are steep at the edge of the
track. o _ _ _ . _

In an exemplary embodiment, where continuous power is applied to generate
heat, the heat will propagate as a wave between the mesas 266, with the heat remaining
between the mesas 266 at four microns, or one microsecond after the spot 348 passes
under the head 106 read/write elements, as is desired. _ .

Other features and advantages of the present invention will become apparent to a
person of skill in the art who studies the present invention disclosure. Therefore, the

scope- of the present invention is to be limited only by the following claims.
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What is claimed:is:

1. A storage d1sk compnsmg

a substrate, said substrate compnsmg a top ‘surface and a bottom surface, said top
surface and said bottom surface defined by raised surface pOl‘thIlS and depressed surface
portions, said raised surface portions of said top surface and said raised surface portions
of said bottom surface dlsposed along planes that are substantlally in parallel opposition
to each, and said depressed surface portions dxsposed between said planes;

at least one layered first material, ‘said at least one layered first’ material
comprising a top surface and a bottom surface, said bottom surface of said at least one
layered first material dlsposed above said raised surface -portions ‘and above said

~ depressed surface portlons, ‘and said top surface of said at least one layered first material

- disposed to extend above ‘said raised surface portions and’ above said depressed surface

portions;

~ alayered sec'ondmaterial- said layered second mat'erial comprising a top surface

-and a bottom surface, sald bottom surface of said layered second material disposed above

said top surface of sald at least one layered fitst material and above said depressed

. “surface portions, and sa1d top surface of said layered. second matenal disposed above said

- raised surface portions. and above said depressed surface pomons

and a layered tlurd material, said layered third matenal comprising a top surface .

“and a bottom surface, sald bottom surface of said layered third material disposed above

" said top surface of s_a:d layered second material and :above said depressed surface

portions, and said top surface of said layered third material disposed to be substantially
level with said top surface of said layered second material. -

2. The storage disk as recited in claim 1, whereln- said layered third material is

- selected from a group 'of: a metal material, polymer material, a transparent material.

~ 3. The storage disk as recited in claim 1, wherein said storage disk comprises a
topmost surface and a bottommost surface, wherein said topmost surface and bottommost
surface are substantially.ﬂat over said topmost and said bottommost surfaces.

4. The storage disk as recited in claim 1, wherein said at least one layered first

material comprises a storage layer and a readout layer.

Y 4 L M S *
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5. The storage dlslg,as recited in claim 1, wheremSaLd ét least one layered first

material comprises a magnétic material. |
" 6. The storage disk as recited in claim 1, wherein said raised surface portions and
said depressed surface portions comprise a servo pattern.

7. The storage disk as recited in claim 1, wherein séid storage disk comprises a
plurality of data trécls, wherein said raised features comprise mesas, and wherein said
mesas are disposed between said plurality data tracks.

8. The storage disk as recited in claim 1, wherein said storage disk comprises a
plurality of data tracks, wherein said raised features comprise channels, and wherein said
channels are disposed between said plurality data tracks.

9. A storage disk comprising:

a disk substrate, said disk substrate comprising a surface, said surface compri-siﬁg raised
features and depressed features, said raised features comprising a topmost level; and a
filler material, wherein said filler material is disposed in said depressed featur_es to a level
substantially equal with said topmost level of said raised features.

10. The disk as recited in claim 9, further comprising a source of light, wherein

"said light is directed along an optical path between said source and said disk substrate

based on a reflection of said light from said disk substrate.
- 11. The disk as recited in claim 10, wherein said features comprise a servo
pattern, and wherein said light is reflected from said servo pattern.

12. The disk as recited in claim 9, further comprising a storage layer disposed

. above said surface, and a source of light, wherein said light is directed along an optical

path between said source and said disk substrate to heat said storage layer.

13. A storage disk, comprising, a disk substrate; said disk substrate comprising a
surface, said surface comprising a plurality of servo features, said servo features
comprising a dimension that is proportional to a radius of said disk substrate at which

said servo features are disposed.

14, A method of utilizing a storage disk substrate that comprises raised and
depressed features, comprising the steps of:

defining said substrate to comprise raised and depressed features; II mI“ I““ “ “ |
A
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" depositing a filler material over an etch stop surface to a-depth sufficient such that said
depressed features are filled to a height substantially equal or above said etch stop

-surface; and

differentially removing said filler material so that said filler material over said etch stop

 surface is removed with little or no removal of said etch stop surface to leave a -

‘substantially planar surface comprising said filler material and said etch stop surface.

- 15. The method as claimed in claim 14 including the further step of:

 depositing a sacrificial layer over said etch stop surface before depositing said filler

material; and wherein said differcntial removing step substantially etches said filler

material and said sacrificial layer to leave a substanﬁally planar surface comprising said

+ etch stop surface and said filler material.

~16. The method of claim 15, wherein said etch stop layer comprises silicon
nitride and wherein said sacrificial layer éomprises silicon dioxide. ,
17. The method of claim 14, wherein said filler material is selected from a group
of: a metal material, polymer material, a transparent material.
. 18. A storage'diSk, ébmprising: S

a disk substrate, said disk substrate coriprising a surface, said surface comprising raised
" features and depressed features, said raised-feat’ur‘es comprising a topmost level; and a

- disk substrate leveling meMS for leveling said depressed features to a level substantially

N
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