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DISK TEXTURING METHOD FOR IMPROVED FEATURE
ELEVATION UNIFORMITY

Hong Fu This Sheet Has Been Replaced
David Treves

The present invention relates to Fhe field of magnetic
recording disk manufacturing, and more particularly to a
method for creating a desired surface texture of uniform
elevation on selected regions of a magnetic recording disk.

Methods and apparatus for creating texture features on
the surface of.magnetic recording disks using laser energy are
known. See, for example, U.S. patents 5,062,021 and 5,108,781
to Ranjan et al., and published European Patent Application
number 94308034.1.

As is known from these references, the beam of a pulsed
laser is focused onto the surface of one layer of a magnetic
recording disk or substrate with sufficient intensity to
locally melt a portion of that layer and/or sublayers.
Following incidence of the laser pulse, the melted region
resolidifies, leaving a topographic variation (referred to
herein as a “laser texture feature”) in the surface of the
targeted layer and/or sublayers. The geometrical
characteristics of the laser texture features are a function
of many parameters, including laser pulse width, spot size and

shape, spot energy, substrate composition, etc.
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Met hods and apparatus for creating texture features

known.
et al.,

puépshedicns opead. Pateratensli daMiog angibeleondwsoad shown in As s
known fromthese references, the beamof a pulsed |aser_is focused onto

suFigee 3R ané Zgye¢nQﬁdQ§q§&?ﬁgiﬂyrther below, or multiple

rims, as shown in Fig. 2C and 2D) or bumps (e.g., "sombreros”,

as shown in Figs. 3A and 3B, and described further below)
formed in a planar, highly polished nickel phosphate (NiP)
layer on an aluminum base material (in the case of the

aforementioned published European Patent Application, the

texture features are formed directly on the surface of a glass

substrate). The layer having the laser texture features is
referred to herein as the “textured layer”. The rims of the
craters or tops of the bumps rise above the plane of the
textured layer. Subsequent layers deposited on the textured
layer carry forward the topography of the laser texture
features so that the outermost layer of the finished multi-
layered magnetic recording disk has approximately the same
topography as the textured layer (e.g., shape,
depth/elevation, radius, density, etc. of the laser texturé
features). A magnetic recording disk having variation in its
surface topography formed by this process is referred to

herein as a laser textured disk.

As well known, a magnetic recording disk having a smooth,

highly polished surface is preferred in the .art to permit a

transducer to fly as close to the disk surface as possible.

However, as also known, some degree of roughness of the disk
surface is necessary to reduce stiction (static'friction)

between the disk surface and the head. In advanced magnetic
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and slow-down (when the disk's rotational speed is
insufficient to maintain the air bearing on which the head
flies) and when the disk is at rest. The remaindér of the
disk surface over which the head flies during operation is
relatively much smoother than the CSS zone, and is referred to
as the data zone. Therefore, particular atfention ha; been
paid to zone texturing processes for forming a texture in the
CSS zone.

Prior zone texturing methods have involved primarily
mechanical application of texture, such as taught by Fukuda et
al. in U.S. Patent 4,698,251. However,.such mechanical zone
texturing methods have proven to lack the required precision
and control, e.g., in formation of the transition zone between

the CSS and data zones. Laser-based methods have shown promise

in improving such precision and control, for example as

taught by Ranjan et al. in U.S. patents 5,062,021 and
5,108,781.

However, methods for forming laser texture features known
in the art all suffer from the disadvantage that they do not
recognize the importance of uniform feature elevation, and
consequently do not specifically teach methods to obtain
uniform feature elevation.

For example, the high point of the crater-type laser

texture features is the rim of the crater. Our studies show
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Most conmmonly, these |aser texture features are either depressions (e.g.,
“craters", having a single rim as shown in Figs. 2A and 2B, and descri bed
further below, or multiple rins, as shown in Fig. 2C and 2D) or bunps
(e.g., "sonbreros”, as shown in Figs. 3A and 3B, and described further

bel ow) tnker e Edmaop! 848k, shtghl¥s$w! t Shattdifeathu rieheaphake 16N P)
elevation around its circumference by up to 1004, depending
sensitively on the intensity distribution at the focal point
of the laser, as well as depending on the uniformity of the

5 disk surface material, etc. This variation is referred to as
intra-feature elevation variation.

Furthermore, our studies show that as between a number of
such crater-type laser texture featurés formed by virtually
the identical process within a disk, the highest point of the

10 features vary. This variation is referred to as inter-feature
elevation variation.

The high point of the sombrero-type laser texture feature
is generally the single point at its center, and thus this
type of laser texture feature generally does not suffer from

15 intra-feature elevation variations. However, our studies show
that as between a number of such sombrero-type features, there
is a great deal of inter-feature elevation variation.

A clear disadvantage of the presence of such intra- and
inter-feature interference is that high points of the features

20 are presented to the read/write head. As this is a relatively
few number of points, the pressure from resulting impact will
be high, causing wear and generation of debris.

One conclusion thét may be drawn from the degree of both
intra- and inter-feature elevation variation we have seen is

25 that the final topography of both the crater- and sombrero-
type laser texture feature is extremely sensitive to operating
conditions such as the laser's pulse width, pulse spot energy,
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| ayer on an al um num base material (in the case of the aforenentioned
publ i shed European Patent Application, the texture features are forned
directly on the surface of a glass substrate). The | ayer having the | aser
texture features is referred to herein as the "textured layer”. The rins

of theshapej estze; anpsstdrtivy ruyfagd sondiddenshefplthre lajerher textured »
| ayer. Subsequent | ayers deposited on the textured |ayer carry forward the

t opogr aphytvdte heo | beckextured e Fremddiddone w®sathendesgdsynost thayer of

the finished multi- |ayered magnetic recording di sk has approximately the
sane FBPbBYFapRsaEereRclReReITY |1aRfbithee Sz afasbe fgafLKLS| evati on,

[ ' . t extur
radlusaeggggéég; gﬁg n&ﬁeéggg Egggrture oéathe lens system focusing

5 the laser spot on the disk must increase. This implies that
laser spot power, and hence texture feature elevation, becomes
more sensitive to variation in the focal point of the laser
beam, such as variation resulting from'wobb%e of the disk in
the laser texturing apparatus.

10 One very important criterion for laser textured disks is
that the fluctuation in elevation of the laser texture
features be very small (i.e., that the high points of the
features be as close to the same elevation-above the plane of
the magnetic recording disk surface as possible). If the

15 elevations of certain features, or portions of features, are
greater than others, those taller features or portions of
features will essentially appear as asperities with which a
read/write head will collide. Repeated collisions with these
high points result in excessive wear of the hard overcoat at

20 these points protecting the relativély soft metal underlayers
of the disk. Once this protective overcoat is worn away by
the head, further collisions between the head and the disk
result in generation of debris from the worn regions of the
disk. This debris enhances further wear, smoothing the

25 disk/head interface and increasing stiction, quickly degrading

the CSS performance of the disk/head combination.
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features). A magnetic recording disk having variation in its surface

t opogr.aphy forned by this process is referred to herein as a | aser
textured di sk. As well known, a magnetic recording disk having a
snoath, highly polished surface is preferred in the art to permt a
transducer Im ddditasors ose Haved ki stiosderedr thae asrpgsshbdbe. laserever, as
al so known, sonme degree of roughness of the disk surface is necessary to
r educetsxtiute diegtuirets ©f nindifioom) elbvatdéon &hd apprkopridite cdemsiitihe head.

I n advanced magnetic
will provide an air bearing at lower disk rotation speeds,

preventing the head from prematurely colliding with the

5 texture features, as compared to a region of features of
varying elevations. This is important in minimizing damage,
generation of debris, wear, and stiction over the surface of a
magnetic recording disk, especially thé landing zone of a zone
textured disk, during start-up and spin-down of the disk.

10 ‘ It is an object of the present iﬁvention to provide a
method for producing laser texture features having uniform
elevations by accommodating fluctuations in laser power during

laser texturing.

15 Summary of the Invention

The present invention is a method for operating a laser
texturing apparatus such that the feature elevation of laser
texture features produced thereby are uniform, despite
inherent variation in laser operating conditions.

20 Associated with each laser texture feature forming
process there is what we refer to as a “process window”. The
process window is the range of operating parameters for a
given process which produces laser texture features within a
predetermined desired range of elevations. Once a target

25 range of feature elevations is selected, a process may be

selected which produces features within that range of
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medi a, this roughness is applied only to a special region of the disk
surface referred to as a |landing or contact-start- stop ("CSS") zone over
whi ch 'the head parks during start-up and sl owdown (when the disk's
rotational speed is insufficient to maintain the air bearing on which the |
head flies) and when the disk is at rest. The remainder of the disk

surface_over ,which the head fI'eﬁggurin -0 erat%gn I,s relatively nuch
smoot h&LEVREACRRe CRBID/NEO L TRt & {‘gthin its process

window will yield laser texture features within the desired
range of elevations; operation of the process outside of its
process window will yield laser texture features outside the

5 desired range of elevations.

We have discovered that there is a certain degree of
inherent fluctuation in the operating performance of practical
laser texturing apparatus, notably in the laser itself. This
fluctuation, which is typically manifésted by fluctuation in

10 pulse energy, pulse width, and shape of a laser spot forming a
laser texture feature, results, inter alia, in variation in
the elevation of the laser texture feature. Thus, attempts to
control variation in laser texture feature elevation must
address this fluctuation in laser performance.

15 Thé average laser pulse energy, pulse width, and spot
shape, as they affect feature elevation, are generally
practically controllable. However, pulse-to-pulse fluctuations
in pulse energy and pulse width are generally inherent in the
system and difficult to control.

20 We have discovered that preliminary evaluation of a laser
texturing system to determine its optimal process window, and
operation within that optimal process window permits
accommodation for the inherent fluctuations in laser
performance. We have determined that a laser texturing system

25 nmay have multiple process windows, and selection of the
optimal process window maximizes the accommodation for such

power fluctuations. Thus, for purposes of the present
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data zone. Therefore, particular attention has been paid to zone
texturing processes for formng a texture in the CSS zone. Pri or
zone texturing nmethods have involved primarily mechani cal

texture, such as taught by Fukuda et al. in U S. Patent 4,698, 251.
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producing features within the range of desired elevations.

For somb?ero—type laser texture features, a plot of
feature elevation versus power for certain operating
conditions exhibits a maximum feature elevation at a single
value fér power.

We have discovered that there exists alfamily of such
dome-shaped curves whose peak heights can be selected by
proper choice of operating conditions, such as pulse width,
spot size, etc. Matching the target feature elevation to the
maximum feature elevation for such a curve can be used to
select the optimal operating conditions for producing features
at the target feature elevation, while accommodating the
widest variation in laser power.

Our research confirms that a higher rotational velocity
of the disk is required to maintain the air bearing which
supports the flying head over the crater-type laser texture
features as comparéd with the sombrero-type features. Also,
our research indicates that for crater-type laser texture
features, .increasing laser spot power increases feature height
-— the curves 6f feature height versus spot power are not
dome-shaped as they are for the sombrero-tyée features. Thus,
the present invention is described principally from the
perspective of forming and using the sombrero-type texture
feature. |

In general, the magnetic recording disk typically

-
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However, nethods for formng | aser texture features known in the art al
suffer. fromthe di sadvantage that they do not recognize the inportance of
uniformfeature elevation, and consequently do not specifically teach

met hods to obtain wuniformfeature el evation. For exanple, the high
point of the crater-type |laser texture features is the rimof the crater.

Qur st yb®$i$8%Wan aluminum alloy base material onto which numerous
layers are formed. Initially; a plated layer of Nié is pléted
onto the aluminum alloy base material. Commonly, these two
layers are referred to together as the'substrate. The plated

5 NiP layer is highly poli§hed and extremely well cleaned by
techniques known in tbe art. Typically, laser energy is then"
focused onto the surface of the plated NiP layer, forming the
laser texture features.

Subsequent to forming the laser texture features,

10 additional layers are formed on the substrate, such as layers
of magnetic material and layers of hard and corrosion
resistant protective material. Theﬁe subsequént layers,
deposited on the textured layer, carry forward the laser
texture features so that the finished multi-layered magnetic

15 recording disk has approximately those same laser texture
features (e.g., shape, depth/elevation, density, etc.) in its
outermost layer.

According to another embodiment, the laser energy is
focused on the well-cleaned surface of the aluminum alloy base

20 material layer or some other layer, and the laser texture
features are formed in that layer. Formation of subsequent

layers proceeds as otherwise described.

Brief D it £ the Drawi

The present invention will be described in greater detail

below, including specific examples thereof, with regard to the

d
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that the rimof each such | aser texture feature varies in elevation around
lts circunference by up to 100[err], depending sensitively on the
intensity distribution at the focal .point of the |aser, as well as
dependi ng on the uniformty of the disk surface material, etc. This

vari ati r g p as intra-feature elevation variation. '
Furtheﬁ%@rkas 8 Qﬁ ?%s show t hat as between a nunber of such crater-type

| aser textu&qgﬂeqtggeg EORERA: DY Yi1id@ddion of an apparatus for
producing laser texture features in a magnetic hard.disk
substrate of the type known in the art.

5 Fig. 2 is a cross section of a magnetic recording disk
illustrating the layered composition and the cross section of
laser texture features through the various layers.

Figs. 3A and 3B are perspective agd cross—-sectional
views, respectively, of a single-ridge crater-type laser

10 texture feature.

Figs. 3C and 3D are perspective and cross-sectionél
views, respectively, of a multiple-ridge crater-type laser
texture feature.

Figs. 4A and 4B are perspective and cross-sectional

15 views, respectively, of a sombrero-type laser textﬁre feature.

Fig. 5 is a family of operating curves (laéer power Vvs.
feature elevation) illustrating different process windows.

Fig. 6 is another family of operating curves illustrating

a range of producible texture feature elevations.

20 Detailed Description
For purposes of illustration, the present invention will
be described by way of selected embodiments. It.will be
apparent to one skilled in the art that the embodiments, and
the environment in which they are developed, demonstrate the
25 functionality and features of the present invention. It will
also be apparent that certain variations, additionms,

deletions, modifications, etc., to the_embodiments, although
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the identical process within a disk, the highest point of the features
vary. This variation is referred to as inter-feature elevation variation.
The high point of the sonbrero-type laser texture feature is generally the
single point at its center, and thus this type of |aser texture feature
general ly does not suffer from intra-feature elevation variations.

However .,y Q eéfﬁ%‘aqﬁ r&‘l‘é’cu%%@ﬁ ﬁé QBWEEPe AcHNPES 1 & e UEAY SPTEH T O- t ype

f eat ures; grea fer-feature el evation variation.
A cl e%h@'é@éﬁ’@@@%&fs&meﬁr Q%eeae af:tsywen NtK&-paesent nt er - f eat ure

interference 1s that high points of the features are presented to the
read/ wiide&rdask . Asridiefore, areehaht&ehyof embodiments is not

intended as, nor should be reed as, limiting the scope of the

5 invention claimed herein.

Fig. 1 is a schematic illustration of a laser texturing

apparatus 10 for creating laser texture features in a layer of
a magnetic recording disk. Apparatus 10 consists of a pulsed
laser 12, for example a Q-switched (pulsed) YLF, YAG or YVO,

10 laser. Laser 12 produces a coherent laser beam 20, which is
‘directed toward focusing optics (e.g., a lens or a combination
of lenses) 22. Optionally, the diameter of the beam 20 may be
controlled by beam expander 23 and/or iris 27. Beam 20 may be
incident off-center on optics 22 so as to facilitate

15 elimination of feedback of reflected beam 21 into the cavity
of laser 12, reducing variation of laser power as described in
copending application, attorney docket number K9405 (serial
number not yet assigned), of common assignee herewith,
incorporated by reference hefein.

20 As shown in Fig. 2, magnetie recerding disk 25 is
typically a layered structure consisting of a substrate having
a base material layer 42, such as an aluminum alloy, and a
.plated underlayer 44, for example plated NiP. Typically,
additional layers are deposited by.vacuum deposition, such as

25 sputtering. . For example, a sputtered underlayer 46, such as
Nif, a magnetic leyer 48, such as an alloy of cobalt, nickel,

and platinum, and a protective overcoat layer 50, such as

page 11 This Sheet Has Been' R lac
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f ew nunber of points, the pressure fromresulting i npact will be high,
causi ng wear and generation of debris. One conclusion that may be

drawn fromthe degree of both intra- and inter-feature el evation variation

we have seen is that the final topography of both the crater- and

sonbr er o-

conditioni)such as .the laser's pulse width, pulse spot_ energy,
car.

10

15

20

25

on may then be deposited onto the substrate layers.
Variations in the order, methods of deposition, an&.materigls
of.these layers, and the inclusion of fewer or greater numbers
of layers will not, per se, change the nature of the present
invention.

Following plating, the plated underlayer 44 is polished
to a mirror finish and thoroughly cleaned. Magnetic disk 25 is
then located in disk receiving region 29. Laser beam 20 is
focused by focusing optics 22 to a spot on the surface
(referred to as the target surface 24) of plated underlayer
44. Alternatively, target surface 24 may be base material
layer 42 or another selected layer of magnetic disk 25. As
will be described in further detail below, the incident laser
beam causes a local melting of the target surface 24, which
rapidly solidifies, leaving a texture feature. The shape,
size, etc. of the texture feature is carfied up through
subsequently formed layers.

As the laser texture features are being formed, motor 26
causes magnetic recording disk 25 to rotate. Thus, as the
laser 12 is pulsed, each pulse of beam 20 may be made incident
on a different circumferential region of target surface 24.

In addition to rotation, magnetic recording disk 25 is
translated roughly perpendicular to the path of beam 20, for
example by a motor 28, so that the radial location of
incidence of laser beam 20 on target surface 24 may be wvaried.
Alternatively, rotating mirrors or other optical techniques

may be used to scan the beam radially and/or circumferentially

page 12 This Sheet Has Been Replaced
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shabe, size, and startimg surface conditions of thé |ayer or

be textured. In addition, as the density of the texture features
i ncreases, and the size of the features decreases, the nunerical aperture
of the lens systemfocusing the |aser spot on the disk nust increase.
inplies that |aser spot power, and hence texture feature el evation,
becones nore sensitive to variation in the focal point of the |aser

such asforAssatbhen tacggtt shgfreen2dobbl e of the disk in
appar at us.
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The incidence of laser beam 20 on target surface 24
generally forms one of two types of laser texture features, as
determined by the parameters of the laser and material
comprising the target surface 24. A first of these
representative features is referred to as a “crater”. A
single-ridge crater 30 is shown in Fig. 3A in perspective and
Fig. 3B in cross-section. A multiple-ridge érater 31 is shown
in Fig. 3C in perspecti&e and Fig. 3D in cross-section.

Crater 30 of Figs. 3A and 3B (and crater 31 of Figs. 3C and
3D) has a raised rim 32 (or first dand second rims 33, 34 in
the case of crater 31), which rises above the plane of target
surface 24. The elevation of the crater-type laser texture
feature is the elevation h of the rim 32 (or 33, 34) abové the
plane of target surface 24. The width of the crater-type
laser texture feature 30 (or 31) is the diameter d of the
roughly circulai rim 32 (or 33).

The second representative feature is referred to as a
“sombrero” (so-called since in cross section it resembles this
type of hat), and is shown at 36-in Fig. 4A in perspective and
Fig. 4B in cross-section. Sombrero 36 has a raised.rim 38 as
well as a central crown 40, which both generally rise above
the plane of target surface 24. The raised rim 38 surrounds an
annular depression, which in turn surrounds the central
located crown 40. The elevation of the sombrero-type laser
texture feature is either the elevation h, of the rim 38 or the
elevation h, of the crown 40, whichever is greater, above the

e
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One very inportant criterion for |laser textured disks is that the
fluctuation in elevation of the |aser texture features be very snal

(i.e., that the high points of the features be as close to the sane

el evation above the plane of the nagnetic recording disk surface as

possi lPimne Idf tdarget! euvatthoas2e{ eeefarableathbds, orheovidtnodf features, !
are greater than others, those taller features or portions of features

will ddeersdniitercamyesr laseaspexturesfenthrehiehiza theatiametesr dead will
collide. Repeated collisions with these high points result in excessive
wear oIf thhe maughdhke cdgsular rimed®- points protecting the relatively soft

nmetal underlayers of the disk. Once this E[otective overcoat is worn away
by Associated with each laser texturing process is an

5 operating curve. Fig. 5 shows two such operating curves for
two different processes. These curves plot the elevation of
laser texture features as a function of laser power for
different process parameters. For example, a process A
including a certain pulse width, and spot size.will produce a

10 curve A. Likewise, a process B including a certain pulse
width, and spot size, one or both of which are different from
process A, will produce a curve B. For sombrero-type texture
features, we have found that each curve will generally be
dome—-shaped, and will have a maximum feature elevation for a

15 single value of laser spot power.

A laser operated between powers P, and P, will produce
feature elevations between E, and E,. The range of power
between P, and P, is referred to as the process window W, for
process A. Changing, for example, the pulse width of the

20 1laser produces a new operating curve B, which produces feature
elevations between E, and E, for laser powers between P, and P,.
The range of power between P, and P, is referred to as process
window W, for process B.

One goal of the present invention is to provide a

25 technique for repeatably producing laser texture features
having elevations within a predetermined range. This means
that the optimal process window accommodates as wide a

I
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the head, further collisions between the head and the disk result in
generation of debris fromthe worn regions of the disk. This debris
enhances further wear, snoothing the disk/head interface and increasing
stiction, quickly degrading the CSS performance of the di sk/head

Conbln%auctuatlon in laser power as possible so as to allow for such
fluctuations as are inherent in operation of the lagser. With
the information provided by Fig. 5, it is possible to'select
operating conditions (as represented by an operating curve)

5 providing an optimal process window for the production of
laser texture features having an elevation as close as
possible to a selected elevation, for example E,.

Specifically, assume we wish to ébtain_feature elevations
as close to E, as possible (with some degree of tolerance for

10 system variations). If we know a process-is capable of a
maximum feature elevation of E,, for example as shown by curve
A, then any variation in elevation will be between some lower
limit, for example E,, and the selected elevation E,. Now,
compare two process for producing a texture feature with

15 elevation between E; and E,, for example process A which,
process produces curve A, and process B, which produces curve
B. As can be seen from Fig. 5, the process window W; is much
narrower than the process window W, for the range of selected
feature elevations. This means that process A can accommodate

20 a wider variation in laser spot power, such as the
aforementioned inherent variations, than can process B for the
selected range éf feature elevations. The conclusion is that
for any desired feature elevation, that process providing the
selected feature elevation as the maximum point on the plot of

25 feature elevation versus laser power will accommodate the
widest variation in laser power, and from the perspective of

producing uniform feature elevation in light of fluctuations
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In addition, we have discovered that a region of laser texture features of
uni form el evati on and appropriate density w/ll provide an air bearing at

| ower di sk rotation speeds, preventing the head fromprenmaturely colliding
with the texture features, as conpared to a region of features of varying.
el evations. This is inportant in mnimzing damage, generation of debris, ¢
wear, and stiction over the surface of a nagnetic recordbgg di sk,

especi 41| ¥28RE PAWRF ngt ore Rrefersnd ArecesteqversRILqaF start-up and
spi n-down of the djsk. lt,is an object of_th resént. invention to
provid@raceﬁﬁtﬁﬁﬂa?i? ?ﬁcﬁﬁﬁﬂ?ﬁfﬁ%&é%aﬁ uPE %gﬁtﬁFgérﬁéving uni f or m
elevation.
Thus, formation of laser texture features by practice of
5 the present invention begins by referring to a matrix of
feature elevation data and associated process parameters
specific to the substrate composition in which the laser
texture features are to be formed. Such a matrix will
typically be constructed by performing multiple test runs of
10 the laser texturing apparatus on the specific target surface
composition (e.g., the substrate), keeping all operating
parameters constant, ﬁonitoring the inherent fluctuations in
laser power over time, and plotting the resulting laser
texture feature elevations against laser powers to arrive at
15 an operating curve. Next, one or more parameters of the laser
texture process are adjusted (for example, spot size and/or
pulse width), and the process of correlating feature elevation
and laser power repeated to produce a new operating curve.
Once the feature elevation versus process parameter
20 matrix is assembled, a targef feature elevation is selected.
Selection of this elevation will be a function of desired
flying height, and other parameters relating to integration of
the magnetic recording disk into a disk driée. A process is
then selected having a maximum feature elevation equal to (or
25 within a set percentage of) the target feature elevation.
This requires that it is possible to develop processes for
arbitrarily selected feature elevations. We have verified

—
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el evati ons by acconmodat.ing fluctuations in |aser power during
texturing. - Summary of the Invention The present invention is a
texturing apparatus such that the feature

el evation of laser texture features produced thereby are uniform despite
I nherent variation in | aser operating conditions.
each | aser texture feature formng process there is what we refer to as a

"procegniy N@ovhe thee PbOCEEStULEAOYeVSH1dies I Ut ARCiakl REngar amet ers

nmet hod -for operating a | aser

f or

10

15

a

between 150A and S500A.

For example, three curves having arbitrarily selected
peak elevations are shown in Fig. 6. These three curves
represent processes 1, 2, and 3 for forming laser texture
features in a plated NiP layer on an aluminum alloy base. The
conditions for each process are shown in Table 1. The focal
length for each process was 25.8 mm, and th; beam offset from

the center of optics 22 was 1.5 mm:

| aser

Associated with

pulse beam size at laser type and iris
width lens (full model diameter
width at half
maximum)
Process 1 |10 nsec {2.0 mm YLF laser, 3.77 mm
Spectra Physics
7960-L4-E
Process 2 |35 nsec | 1.3 mm YVO, laser, 3.03 mm

Spectra Physics
T20-V70-106Q

Process 3 |35 nsec | 0.7 mm YVO, laser, 3.03 mm
Spectra Physics
T20-V70-106Q

Table 1

As can be seén from Table 1, the various curves of Fig. 6
are selected by varying the beam size, either at a beam
expander (as in the exemplary processes 1-3 above), at an iris
or by another technique known in the art, and/or by varying
the pulse width of the laser. Thus, processes 1-3 illustrate

that one skilled in the art may select proéess conditions

[k

|
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gi ven process -whi ch produces | aser texture features within a predeterm ned
desired range of elevations. Once a target range of feature elevations is

sel ected, a process may be selected which produces features within that
range of :

providing a desired texture feature elevation, for example
from within the range of elevations between 150A and S00A.
In general, to those skilled in the art to which this

invention relates, many changes in construction and widely

5 differing embodiments and applications of the present
invention will suggést themselves without departing from its
spirit and scope. For example, the présent invention has been
described from the perspective of forming laser texture
features in metal layers. However, there are numerous

10 disclosures in the art relating to the formation of laser
texture features in nonmetallic materials, such as glass,
which wquid benefit from the teachings of the present
invention.

Furthermore, the present invention has been described in

15 terms of two common cross sections of laser texture feature -
the crater and the sombrero. However, these shapes are merely
illustrative, and the present invention is not limited to
formation of laser t;xture features of any particular cross-
section. |

20 Still furthef, lasers having frequency multipliers
("frequency multiplied laser”) may be used for laser texturing
according to the present invention such that the wavelengths
employed are 1/2, 1/4, etc. of the natural wavelength of the
laser.

25 In addition, a laser has exemplified the radiation source
used to form the texture features. quever, other sources of

radiation may be employed to form texture features. Principal
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el evations. Operation of .that process within its process w ndow will yield
llaser texture features within the desired range of elevations; operation

of the-process outside of its process window will yield |aser texture
features outside the desired range of el evations. W have di scovered
that there is a certain degree of inherent fluctuation in the operating '
performance of practical Iaser texturing apparatus, notably in the |aser

| tsel f. o Jfls sé&#@éya{ﬁ {1 det o Biuedlibe WRI GesiBdebypbLupkialion in
pul se energy, se wd , ape of | aser spot formng a |aser

t ext ur egh et 41 einff&ﬂé& Sradﬁtﬁrorﬁ.' | &hug) \tma_l dlilseNoisires and

descriptions herein are illustrative, and are not intended and

should not be read to be in any sense limiting.

_
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the el evation of the |aser texture feature. Thus, attenpts to control
variation in |laser texture f el evation nust address this fluctuation
in |aser perfornance. Eﬂymgﬂmﬁ" ﬂu pul se energy, pulse w dth,
and spot shape, as they aff tion, are generally

pr actWhad! |48 cdatimeld disl:e. However, pul se-to- pu!se fluctuations in pulse
energy and pul se width are generally inherent in the systemand difficult
to control. W have discovered that prelimnary evaluation of a | aser

textyring sy miQ determ.ne its optinmal process w ndow,- and operation
Wi t hi thaﬁ "1?&31%| %585&% ﬁ&ﬁﬁl‘ﬁ%rﬁ?f%“r%c%ﬁnﬁwaﬁqlﬁh anst desdmesher ent
f|UCt%% Yon qnlas Selected layer of a magnetic recording disk, said

method employing a radiation source, comprising the steps of:

selecting a target elevation for said texture features, said
target elevation being between 150A and SOdA;

selecting process parameters, including‘at least a pulse
width of said radiation source and a diameter of a spot
representing the incidence of a radiation beam produced by said
radiation source on a target surface of said selected léyer, said
selected process parameters capable of forming texture features at
a maximum elevation approximately equal to said target elevation;
and .

causing said radiation beam to be incident on said target
surface with said selected pulse width and said seiected spot
diameter so as to form texture features having said selected

target'elevation.

2. A method for forming laser texture features of uniform
elevation in a selected layer of a magnetic recording disk, said
method employing a laser, comprising the steps of:

selecting a target elevation for the laser texture features,
said target elevation being between 150A and 500A4;

selecting process parameters, including at least a pulse
width of said laser and a diameter of a spot representing the
incidence of a laser beam produced by said laser on a target

-
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performance. W have aser texturding system nmay have
mul tiple process w ndO\AH“m ﬂ ‘ﬂ of the optiml process w ndow

maxi m-zes the accommbda
pur poses of the present

power fluctuations. Thus, for

surface of said selected layer, said selected process parameters

forming laser texture features at a

maximum elevation®

approximately equal to said target elevation; and

causing said laser beam to be

incident on said target surface

with said selected pulse width and said selected spot diameter so

as to form laser texture features having said selected target

elevation.

3. The method of claim 2, wherein
4, The method of claim 3, wherein
multiplied.

5. The method of claim 2, wherein
6. The method of claim 5, wherein
multiplied.

7. The method of claim 2, wherein
8. The method of claim 7, wherein
multiplied.

9. The method of claim 2, wherein

produced have an annular depression

located crown, said crown being the

said laser is a YLF laser.

said laser is frequency

said laser is a YVO, laser.

said laser is frequency

said laser is a YAG laser.
said laser is frequency
the laser texture features

surrounding a centrally

only part of said laser

texture features having the target elevation.
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i nvention, an optinmal process window is that w ndow- acconmodating the
greatest fluctuation in power while prodUC|nq features wjthin the range of
desired el evati ons. For sonbrero-t features, a plot

of feature elevation versus power for CE‘@ ilﬁ““m ‘1 condi ti ons
exhibits a maxi mum feature el evation at a=Si g e alsue =t or power. Ve !
have di scovered that there exists a famly of such done-shaped curves

whose peak hei ghts can be sel ected by proper choice of operating

condiyly onSy, SUERIAY RY 39a4dbN, wh%?@inséé BlSer '\@%Mﬂg £ JA et

feature elevatlon to the naxifum feature evatlo or such a curve can be
used JQ formed only in a selected CSS zone.

11. The method of claim 2, wherein said selected layer is a
polished layer of nickel phosphate plated onto an aluminum alloy

base.

12. A method for manufacturing a magnetic recording disk of the
type having laser texture features of uniform elevation formed in
a selected layer thereof, said method employing a laser,
comprising the steps of:

selecting a target elevation for the laser texture features,
said target elevation being between 150A and S00A;

selecting process parameters, including at least a pulse
width of said laser and a diameter of a spot representing the
incidence of a laser beam produced by said laser on a target
surface of said selected layer, said selected process parameters
forming laser texture features at a maximum elevation
approximately equal to said target elevation;

causing said laser beam to be incident on said target surface
with said selected pulse width and said selected spot diameter so
as to form laser texture features having said selected target
elevation;

depositing by sputter deposition process onto said selected
layer a layer of magnetic recording material such that the

topography of the laser texture features formed in the selected

________________*____
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sel ect the opti mal operating conditionsfor producing features at the

target feature elevation, while acco m‘“mmlm“t) variation in

| aser power. Qur research conflrngﬂmunﬂ‘ tational velocity
of the disk is required to maintain the ar ¢bebrih Whi'ch supports the
flying head over the crater- type | aser texture features as conpared W th

the s nbrero t e f eat ur . earch_indicates.that
cratofd o BRI i deVér, bR RaREe LkEAM R Ml iat o aces
feat ug dhelght -- the curves of feature height versus spot power are not

dome-shaped as they are for the sonbrero-type features. Thus, the present
i nvention gepdeseindas NSt @l depddi¥dd ' ®rocess onto said layer of

magnetic recording material a layer of impact and corrosion
protection material such that the topography of the laser texture
features present in the layer of magnetic recording material'is
also present in the layer of impact and corrosion protection

material.

13. The method of claim 12, further comprising the step of,
following formation of the laser texture features and prior to
depositing the layer of magnetic recording material, depositing by
sputter deposition process onto said selected layer an underlayer
of nickel phosphaté.

14. The method of claim 12, wherein said laser is a YLF laser.

15. The method -of claim 14, wherein said laser is frequency

multiplied.
16. The method of claim 12, wherein said laser is a ¥VO, laser.

17. The method of claim 16, wherein said laser is frequency

multiplied.

18. The method of claim 12, wherein said laser is a YAG laser.

heet Has Been Replaced
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perspective of formng and using the sonbrero-type texture feature.
In general, the magnetic recording disk typically

19. The method of claim 18, wherein said laser is frequency

-

multiplied.

20. The method of claim 12, wherein the laser texture features
produced have an annular depression surrounding a centrally
located crown, said crown being the only part of said laser

texture features having the target elevaﬁion.

21. The method of claim 12, wherein said laser texture features

are formed only in a selected CSS zone.

22. The method of claim 12, wherein said selected layer is a

polished layer of nickel phosphate plated onto an aluminum alloy

Hllllll ] Illl
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conpri ses an alum num alloy base material onto which nunerous |ayers are
formed. Initially, a plated layer of NP is plated onto the al um num all oy
base material. Commonly, these two |ayers are referred to together as the
substrate. The plated NP layer is highly polished and extrenely well

cl eaned by techniques knowmn in the art. Typically, |laser energy is then K

focused onto the sgrbacerakruiand aiRestiol ¥8XC nobRovBo Lhe Taser

texture features. ubsequent to form aser texture features,
addi tional |ayers ar e%?%%&orﬂ'ﬁ‘é AZEON r INEFORMIT s | ayers of magnetic
material and | ayers of hard and corrosion resistant protective material.

These subsequent | ayers,
ABSTRACT OF THE INVENTION

A method for forming texture features in an intermediate
layer of a magnetic disk, for example by incidence of laser
radiation upon a selected layer of the magnetic disk, produces
improved elevation uniformity when the target-height for the
features is approximately equal to the maximum feature height
capability of the selected process. This invention teaches that
this maximum feature height may be selected by proper choice of
operating parameteré. Thus, a first step is to determine feature
heights produced by selected process parameters. Second, a target
feature height is selected. Third, texture features are formed in
a layer of the magnetic recording disk, such as a highly polished
layer of NiP, by that process producing a maximum feature height
at aéproximately the target height. Finally, subsequent layers of
the recording disk are formed such that they carry forward the

topography of the texture features.
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depbsited on the textured layer, carry forward the |aser

texture features

so that the finished nultixpglicatioh &fOPEte€ alr ecordi ng di sk has

approximately those sane
dept h/ el evati on, density,

anot her enbodi ment, the | aser

surface of the alum num all oy base
the | aser texture features are fornmed in that |ayer.
| ayers proceeds as ot herw se descri bed.

/
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The present invention wll|-be described in greater detail below, including

speci fic exanpl es thereof, VMgdlicRHH Gt Byt Q? al.
10 figures, in whi Clittny docket no. K9507
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.texture features in a nmagnet strate of the type known in
the art. Fig. 2is a crod |§£9 a magnetic recordi ng di-sk
illustrating the |ayered conpos I"on an the cross section of |aser
texture features through the various |ayers. Figs. 3A and 3B are
perspective and cross-sectional views, respectively, of a single-ridge
crater-type |aser texture feature. Figs. 3C and 3D are perspective
and cross-sectional views, respectively, of a nultiple-Yidge crater-type
| aser texture feature.

Fig. 1 is a schematic LLIusttE? g par at us for producing |aser

—&o—Process A
~8—Process B

o

m

Crown Elevation &)

Pulse Energy (ulJ) . Wa
P Pz _ Ps Ps



-of a sonbrero-type | aser texj d t W€ K950 Fig. 51is afamly of
operating curves (laser power Vsgpadi@ddsyf € €l evation) illustrating

di fferent process w ndows. Elg. Is another famly of operating
curves illustrating a range of producible texture feature el evations.
Detail ed Description For purposes of illustration, the present
invention will be described by way of sel ected enbodinments. It will be
apparent to one skilled in the art that the enbodi nents, “and the
environment in which they are devel oped, denonstrate the functionality and
features of the present invention. It wll

Figs. 4A and 4B are perspecti?g?“ nof e SfEctional — views, respectively,

-
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argé be apparent that certain variations, additions, deletions,

nodi fications, etc., to the enbodinents, although o
specifically discussed herein, are contenplated and within
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DISK TEXTURING METHOD FOR IMPROVED FEATURE

"ELEVATION UNIFORMITY

The present invention relates to phe field of magnetic
recording disk manufacturing, and more particularly to a
method for creating a desired surface texture of uniform
elevation on selected regions of a magnetic recording disk.

Methods and apparatus for creating texture features on

94(91%3 B 0keo »

the surface of magnetic recording disks using laser energy are

known. See, for example, U.S. patents 5,062,021 and 5,108,781

to Ranjan et al., and published European Patent Application

number 94308034.1.

As is known from these references, the beam of a pulsed

laser is focused onto the surface of one layer of a magnetic

recording disk or substrate with sufficient intensity to

locally melt a portion of that layer and/or sublayers.

Following incidence of the laser pulse, the melted region
resolidifies, leaving a topographic variation (referred to

herein as a “laser texture feature”) in the surface of the

targeted layer and/or sublayers. The geometrical

characteristics of the laser texture features are a function

of many parameters, including laser pulse width, spot size and

.shape, spot energy, substrate composition, etc.



the scope of one skilled in the art given the present disclosure.
Therefore, recitation of enmbodiments is not intended as, nor should be

read as, limting the scope of the invention clained herein. Fig. 1
s a schenatlc 1 AR org|l aser Jexturing apparatus 10 for creating
| aser texture flaatofgsy ,\‘L S'%“Eg‘r of magneti c recordi ng di sk. Apparatus

10 consists of fa pulsed r 114, for exanple a Q@ sw tched (pul sed) YLF,
YAG or YVJ err] EBé@§f 42 fpr oduces a coherent |aser beam 20, which
is directed tomard focu3|nq odtijcs (e.g., a lens or a conbination of

| enses) 22. Optjonally, the diandter of the beam 20 may be controlled by
beam expander 2B.—and/oriris-241 Beam 20 nay be :

Most commonly, these laser texture features are either
depressions (e.g., “craters”, having a single rim, as shown in
Figs. 2A and 2B, and described further below, or multiple
rims, as shown in Fig. 2C and ZD) or bumps (e.g., "sombreros",
as shown in Figs. 3A and 38, and described further below)
formed in a planar, highly polished nickel phosphate (NiP)
layer on an aluminum base material (in the case of the
aforementioned published Eurcpean Pateht Application, the
tex;ure features are formed directly on the surface of a glass
-substrate). The layer having the laser texture features is
referred to herein as the “textured layer”. The rims of the
craters or tops of the bumps rise.abové the plane of the
textured layer. Subsequent lgyers deposited on the textured
layer carrj forward the topography of the laser texture
features so that the outermost layer of the finished multi-
layered magnetic recording disk has approximately the same
topography as the textured layer (e.q., shape,
depth/elevation, radius, density, etc. of the laser texture
features). A magnetic recording disk having wvariation in its
surface topography formed by this process is referred to
herein as a laser textured disk.

As well known, a magnetic recording disk héving.a smooth,
highly polished surface is preferred in the art to permit a
transducer to £fly as close to the disk surface as possible.
However, as also known, some degree of roughness of the disk
surface is necessary to reduce stiction (static friction)

between the disk surface and the head. 1In advancéd magnetic



i nci dent off-center on optics 22 so as to facilitate elimnation of
feedback of reflected beam 21 into the cavity of |aser 12, reducing

vari ation of |ase pﬂﬁf pi-pled i N copendi ng application, attorney
docket nunber K94)I§E £ EN?E@&%E not, yet assigned), of commobn assignee

herewi th, incorppr tgﬂbgé r ef er gnce "hetr ein. As shown in Fig. 2,
magneti c recording i Bi'1997typically'a | ayered structure consisting of
a substrate having base materifal{ | ayer 42, such as an al um num al |l oy,

and a plated undgrlayer_44, for exanple plated NiP. Typically, additional
| ayers are deposibed—by—vacuum depdsi ti on;, such as sputtering. For
exanpl e, . a sputtered underl ayer 46, such as

media, this roughness is applied only to a special region of
the disk surface referfed to as a landing or contact-start-
stop ("CSS") zone over which the head parks during start-up
and slow-down (when the disk's rotational speed is
insufficient to maintain the air bearing on which the head
flies) and when the disk is at rest. The remainder of the
disk surface over which the head flies during operation is
relatively much smoother than the CSS zone, and is referred to
as the data zone. Therefore, particular attention has been
paid to zone texturing processes for forming a texture in the
CSS zone.

Prior zone texturing methods have involved primarily
mechanical application oﬁ texﬁure, such as'taught by Fukuda et
al. in U.S. Patent 4,698,251. However, such mechanical zone
texturing methods have proven to lack the required precision
and contrel, e.g., in formatign of the transition zone between
the CSS and data-zones. Laser-based methods have shown promise
in improving such precision and control, fof examble as
taught by Ranjan et al. in U.S. patents 5,062,021 and
5,108,781.

However, methods for forming laser texture features known
in the arf #ll suffer from the disadvantage that they do not
recognize the importance of uniform feature elevation, and
consequently do not specifically teach methods to obtain
uniform feature elevatioq.

For example, the high point of the crater-type laser

texture features is the rim of the crater. Our studies show



NiP, a magnetic | ayer 48, such as an alloy of cobalt, nickel, and
pl ati num and a protective overcoat |ayer: 50, such as

12 car ppp-rey—+ eposited onto the substrate |ayers.
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that the rim of each such laser texture feature varies in
elevation around its circumference by up to 100i, depending
sensitively on the intensity distribution at the focal point
of the_laser, as well as depending on the uniformity of the
disk surface material, etc. This variation is referred to as
intra-feature elevation variation.

Furthermore, our studies show that as between a number of
such crater-type laser texture featurés formed by virtually
the identical process within a disk, the highest point of the
features vary. This variation is referred to as inter-feature
elevation wvariation.

The high point of the sombrero-type laser texture feature
is generally the single point at its center, and thus this
type of laser texture feature generally does not suffer from
intra-feature elevation variations. However, our studies show
that as between a number of such sombrero-type features, there
is a great deal of inter-feature elevation variation.

A clear disadvantage of the presence of such intra- and
intef-feature interference is.that high points of the features
are presented to the read/write head. As this is a relatively
few number of points, the pressure from resulting impact will
be high, causing wear and generation of debris.

One conclusion that may be drawn from the degree of both
intra- and inter-feature elevation Qariation we have seen is
that the final topography of both the crater- and sombrero-
type laser texture feature is extremely sensitive to operating

conditions such as the laser's pulse width, pulse spot energy,



Variations in the order, methods of deposition, and materials of these

l-ayers, and the |ncIuS|on of fewer or greater nunbers of |layers wll not,
per se, change theg };r;: egsent invention. Fol | ow ng

pl ati ng, the plat Faert 4 polished to a mirror finish and

t hor oughly cl eane Nhggﬁ& C dISk 28 | then | ocated in disk receiving
region 29. Laser EB 9%t used by focusing optics 22 to a spot on the
surface (referred tjo_as the target{surface 24) of plated underlayer 44.

Al ternatively, tarjget surface 24 may be base material |ayer 42 or another
sel ected | ayer of e disk 25. |As wll be described in further detai
bel ow, t.he incident |aser :

shape, size, and starting surface conditions of the layer or -
substrate to be textured. 1In addition, as the density of the

texture features increases, and the size of the featufes

decreases, the numerical aperture of the lens system focusing

the laser spot on the disk must increase. This implies that

laser spot power, and hence texture feature elevation, becomes

more sensitive to variation in the focal point of the laser

beam, such as variation resulting from-wobb}e of the disk in

the laser texturing apparatus.

One very important criterion for laser textured disks is
that the fluctuation in elevation of.the laser texture
features be very small (i.e., that the high points of the
features be as close to the same elevation above the plane of
the magnetic recording disk surface as possible). If the
elevations of certain features, or portions of features, are
greater than others, those taller features or portions of
features will essentially appear as asperities with which a
.read/write head will collide. Repeated collisions with these
high points result in excessive wear of the hérd overcoat at
these points protecting the relatively soft metal underlayers
of the disk. Once this protective overcoat is worn away by
the head, further collisions between the head and the disk
result in generation of debris from the worn regions of the
disk. This debris enhances further wear, smoothing the
disk/head interface and increasing stiction, quickly degrading

the CSS performance of the disk/head combination.



beam causes a local nelting of the target surface 24, which rapidly
solidifies, leaving a texture feature. The shape, size, etc. of the
texture feature S carrled up through subsequently forned | ayers. - As
t he | aser texturﬁ-‘, ThAD & ng formed, notor 26 causes magnetic
recordi ng di sk 2 as the laser 12 is pul sed, each pul se
of beam 20 may He enty ¢n a different circunferential region of
target surface 44. nﬁﬂ%%ﬂ&%n tp rotation, magnetic recording disk 25 is
transl ated roughl y_perpendi cul af o the path of beam 20, for exanple by a
notor 28, so thgt the radial [ocafion of incidence of |aser beam 20 on

target surface iAmﬁaymbenuaLLed__

In addition, we have discovered that a region of laser
texture features of uniform elevation and appropriate density
will provide an air bearing at lower disk rotation speeds,
preventing the head from prematurely colliding with the
texture features, as compared to a region of features of
varying elevations. This is important in minimizing damage,
generation of debris, wear, and stiction over the surface of a
magnetic recording disk, especially thé landing zone of a zcne
textured disk, during start-up and spin-down of the disk.

It is an object of the present invention to provide a
method for producing laser texture features having uniform
elevations by accommodating fluctuations in laser power during

laser texturing.

Summary of the Invention

The present invention is a method for operating a laser
texturing apparatus such that the feature elevation of laser
texture feétures produced thereby are uniform, despite
inherent variation in laser operating conditions.

Associated with each laser texture feature forming
pfocess there is what we refer to as a “process window”. The
process window is the range of operating parameters for a
given process which produces laser texture features within a
predetermined desired range of elevations. Once a target
range of feature elevations is selected, a process may be

selected which produces features within that range of



Altérnatively, rotating mrrors or other optical techniques my be used to
scan the beamradially and/or cireunferentially

13 across the target surface 24.
7
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elevations. Operation of that process within its procesé
window will yield iaser texture features within thé.desired
range of elevations; operation of the process outside 6f its
procesé window will yield laser texture features outside the
desired range of elevations.

We have discovered that there is a certain degree of
inherent fluctuation in the operating performance of practical
laser texturing apparatus, notably in the laser itself. This
fluctuation, which is typically manifested by fluctuation in
pulse energy, pulse width, and shape of a laser spot forming a
laser texture feature, results, inter alia, in variation in
the elevation of the laser texture feature. Thus, attempts to
control variation in laser texture feature elevation must
address this fluctuation in laser performance.

The average laser pulse energy, pulse width, and spot
shape, as they affect feature elevation, are generally
practically controllable. However, pulse-to-pulse fluctuations
in pulse energy and pulse width are generally inherent in the
system and difficult to control.

We have discovered that preliminary evaluation of a laser
texturing system to determine its optimal process window, and
operation within that optimallprocess window permits
accommodation for the inherent fluctuations in laser
performance. We have determined that a laser texturing system
may have multiple process windows, and selection of the

optimal process window maximizes the accommodation for such

power fluctuations. Thus, for purposes of the present



The inci dence of laser beam 20 on target surface 24 generally forns one of
two types of |aser texture features, as determ ned by the paraneters of
the laser and material conpri'sing the target surface 24. A first of these

representative features is referred to as a "c EEF{**~A~~5\ i dge
crater 30 is shown in Fig. 3A in perspettive a EAGEMEH]I&HEEP Ss-section
A multiple-ridge crater 31 is shown in Fig. 3C |n persSpecti d Fig. 3D

Figs. 3C
t he case
The

in cross-section. Crater 30 of Figs. 3A and 3B [ a2 FER! %573

and 3D) has a raised rim32 (or first and seclond rins 33, §4 [
of crater 31), which rises above the plane of fta
el evation of the crater-type |aser texture

invention, an optimal process window is that window
aécommodating the greatest fluctuation in power whiie
producing features within the range of desired elevations.

For sombrero-type laser texture features, a plot of
feature elevation versus power for certain operating
conditions exhibits a maximum feature elevation at a single
value for power.

We have discovered that there exists a family of such
dome-shaped curves whose peak heights can be selected by
proper choice of operating conditions, such as pulse width,
spot size, etc. Matching the targetlféature elevation to the
maximum feature elevation for such a curve can be used to
select the optimal operating conditions for producing features
at the target feature elevation, while accommodating the
widest variation in laser power.

Our research confirms that.a higher rotational velocity
of the disk is required to maintain the air bearing which
supports the flying head over the crater-type laser texture
features as compared with the sombrero-type features. Also,
our reseérch indicates that for crater-type laser texture
features, increasing laser spot power increases feature height
== the curves of feature height versus spot power are not
dome-shaped as they are for the sombrero-type features. Thus,
the present invention is descfibed principally from the
perspective of forming and using the sombre£o~type texture

feature.

In general, the magnetic recording disk typically



feature is the elevation h of the rim32 (or 33, 34) above the plane of
target surface 24. The width of the crater-type |aser texture feature 30
(or 31) is the dianeter d of the roughly circular rim32 (or 33).

The second representative feature is referred s_a "sonbrero”
(so-called since in cross section it résenbles
shown at 36 in Fig. 4A in perspective and Fig
Sonbrero 36 has a raised rim38 as well as a
generally rise above the plane of target surf
surrounds an annul ar depression, which in tur
| ocated crown 40. The el evation of the sonbre

comprises an aluminum alloy base material onto which numerous
layers are formed. Initially, a plated layer of Ni; is plated
onto the aluminum alloy bése mateiial. Commonly, these two
layers'are referred to together as the substrate. The plated
NiP layer is highly poli§hed and extremely well cleaned by
techniques known in the art. Typically, laser energy is then
focused onto the surface of the plated NiP layer, forming the
laser texture features. |

Subsequent to forming the laser texture features,
additional layers are formed on the subsﬁrate, such as layers
of magnetic material and layers of hérd and corrosion
resistant protective material. Thesé subsequent layers,
"deposited on the textured layer, carry forward the laser
texture features so that the finished multi-layered magnetic
recording disk héé approximately those same laser texture
features (e.g., shape, depth/elevation, density, etc.) in its
outermost layer.

According to another embodiment, the laser energy is
focused on the well-cleaned surface of the aluminum alloy base
material layer or some other layer, and the laser texture
features are formed in that layer. Formation of subsequent

layers proceeds as otherwise described.

Brief D ipti ¢ the Drawi

The present invention will be described in greéter detail .

below, including specific examples thereof, with regard to the



texture feature is either the elevation h, of the rim38 or the elevation

h2 of the crown 40, whichever is greater, above the

14 . pl ane of target surface 24. Preferably, h[err]>h[err]. The wi dth

of the sonbrero-type |laser texture feature 36 tre—eh-aret-er..d
10 REPLACEMENT SHERT

26 FEB 1997

-

figures, in which:

Fig. 1 is a schematic illustration of an apparatus for
producing laser texture features in a magnetic hard disk
substrate of the type known in the art.

Fig. 2 is a cross section of a magnetic recording disk
illustrating the layered composition and the cross section of
laser texture features through the various layers.

Figs. 3A and 3B are perspective aed cross-sectional
views, respectively, of a single-ridge crater-type laser
texture feature.

Figs. 3C and 3D are perspective and cross-sectional
views, respectively, of a multiple-ridge crater-type laser
texture feature.

Figs..4A and 4B are perspective and cross-sectional
views, respectively, of a sombrero-type laser texture feature.

Fig. 5 is a family of operating curves (laser power vs.
feature elevation) illustrating'different process windows.

Fié. 6 is another family of operating curves illustrating
a range of producible texture feature elevations.

Detailed D ipt i

For purposes of illustration, the present invention will
be described by way of selected embodiments. It will be
apparent to one skilled in the art that the embodiments, and
the environment in whicp they are developed, demonstrate the
functionality and features of the present invention. It will
also be apparent that certain variations, additioms,

deletions, modifications, etc., to the embodiments, although



of the roughly circular rim 38. Associ ated with each | aser texturing
process is an operating curve. Fig. 5 shows two such operating curves for
two different processes. These curves plot the elevation of |aser texture
features as a function of |aser power for diff ess—pafrqnet ers.
For exanple, a process A including a tbrtain ENT&SﬂliﬂEg‘pot .Si ze
will produce a curve A Likew se, a process B | ncluding a certain pul se
wi dth, and spot size, one or both of which are (dilf f orgepgBfIogMm |process A,
wi || produce -a curve B. For sonbrero-type text features, wg¢ Have found

that each curve will generally be done-shaped, L 1yaxi num
feature elevation for a

not specifically discussed herein, ére contemplated and within
the scope of .one skilled in the art given the preseﬁt
disclosﬁre. Therefore, recitation of embodiments is not
intended as, nor should be read as, limiting the scope of the
invention claimed herein.

Fig. 1 is a schematic illustration o£ a laser texturing
apparatus 10 for creating laser texture features in a layer of
a magnetic recording disk. Apparatus 10 consists of a pulsed
laser 12, for example a Q-switched (pulsed) YLF, YAG or YVO,
laser. Laser 12 prodﬁces a coherent iase: peam 20, which is
directed toward focusing optics (e.g:, a lens or a combination
of lenses) 22. Optionally, the diameter of the beam 20 may be
controlled by beam expander 23. and/or iris 27. Beam 20 may be
incident off-center.on optics 22 so as to facilitate
elimination of feedback of reflected beam 21 into the cavity
of laser 12, reducing variation of laser power as described in
cqpending application, attorney docket number K9405 (serial
number not yet assigned), of common aésignee herewith,
incorporated by reference herein.

As shown in Fig. 2, magnetic recording disk 25 is
typically a layered structure consisting of a substrate having
a base material layer 42, such as an aluminum alloy, and a°
plated underlayer 44, for éxample plated NiP. Typically,
additional layers are deposited by vacuum deposition, such as
sputtering. For example, a sﬁuttered underlayer 46, éuch as
NiP, a magnetic layer 48, such as an alloy of cobalt, nickel,

and platinum, and a protective overcoat layer 50, such as



single val ue of |aser spot power. A | aser operated between powers

Plerr] and P[err] will produce feature elevations between E[err] and
E[err]. The range of power between P[err] and-.Plerr] is referred to as the
process wi ndow Werr] for process A angi ng, for exanplg, t he pul se

wi dth of the |aser produces a new oper&ting cu tiinces
feature elevations between E[err] and E[err] f m] ﬁs&"ﬂi t ween

Plerr] and P[err]. The range of power between P[krr] and Plerr|] |is
referred to as process wi ndow Werr] for process| B26FEB 199ne |gdal of the
present invention is to provide a technique fof fepeatably prqdycing |aser
texture features having elevations within a predetermmed-range.; This
means

—

carbon may then be deposited onto the substrate layers.
Variations in the order, methods of deposition, an&.materials
of these layers, and the inclusion of fewer or greater numbers
of layers will not, per se, change the nature of the present
invention.

Foilowing plating, the plated underlayer 44 is polished
to a mirror finish and thoroughly cleaned. Mégnetic disk 25 is
then located in disk receiving region 29. Laser beam 20 is
focused by focusing optics 22 to a spot on the surface
(referred to as the target surface 24) of plated underlayer
44, Alternatively, tafget surface é4 may be base material
layerl42 or another selected layer of magnetic disk 25. As
wfll be described in'further-detail below, the incident laser
beam dauses a local melting of the target surface 24, which
rapidly solidifies, leaving a texture feature. The shape,
size, etc. of the texture feature is carried up through
subsequently formed layérs.

As the laser texture features are being formed, motor 26
causes magnetic recording disk 25 to rotate. Thus, as the
laser 12 is pulsed, each puise of beam 20 may be made incident
on a different circumferential region of target surface 24.

In addition to rotation, magnetic recording disk 25 is
translated roughly perpendicular to the path of beam 20, for
example by a motor 28, so that the radial location of
incidence of laser beam 20 on target surface 24 may be varied.
Alternatively, rotating mirfors or other optical techniques

may be used to scan the beam radially and/or circumferentially



that the optinal process wi ndow acconmodates as wide a

15 fluctuation in | aser power as possible so as to allow for such
fluctuations as are inherent in operation of the laser. Wth
| 13

—
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across the target surface 24. i
The incidence of laser beam 20 on target surface 24
_genérally forms one of tﬁo types of laser texture features, as

determined by the parameters of the laser and material
comprising the target surface 24. A first of these
representative features is referred to as a “crater”. A
single-ridge crater 30 is shown in Fig. 3A in perspective and
Fig. 3B in cross-section. A multiple-ridge érater 31 is shown
in Fig. 3C in perspective and Fig. 3D in cross-section.
Crater 30 of Figs. 3A and 3B (and c%ater 31 of Figs. 3C and
3D) has a raised rim 32 (or first and second rims 33, 34 in
the case of crater 31), which rises above the plane of target
surface 24. The elevation of the crater-type laser texture
feature is the elevation h of the rim 32 (or 33, 34) above the
plane of target surface 24. The width of the crater-type
laser texture feature 30 (or 31) is the diameter d of the
rﬁughly circular rim 32 (or 33). .

The second representative feature is referred to as a
“sombrero” (so-called since in cross section it resembles this
.type of hat), and is shown at 36 in Fig. 4A in pérspectivé and
Fig. 4B in cross-section. Sombrero 36 has a raised rim 38 as
well as a central crown 40, which both generally riée above
the plane of target surface 24. The raised rim 38 surrounds an
annular depression, which in turn surrounds the central
located crown 40. The elevation of the sombrero-type laser
texture feature is either the elevation h, of the rim 38 or the

elevation h, of the crown 40, whichever is greater, above the



the information provided by Fig. 5, it is possible to select

operating

conditions (as represented by an operating curve) providing an opti mal

process wi ndow for the production of |aser text

elevation as close as possible to a saﬂl“ect ed el ERERTIACEMENT
ajm—f

E[err]. Specifically, assune we wi'sh to ob

variations). If we know a process is capable of h
el evation of E[err], for exanple as shown by curyel—A__then

. \
reatrurt—ct \V

close to E2 as possible (with some degree of tolpr aggqﬁgﬁ]}ggzste
tu

r .
any jvari ati on

in elevation will be between sone lower Ilimt, for exanple
sel ected elevation E[err]. Now, conpare two pro
texture feature with

E[err], and the
a .

plane of target surface 24. Preferably, h,>h;. The width of

-the sombrero-type laser texture feature 36 is the diameter d

of the roughly circular rim 38.

Associated with each laser texturing process is an
operating curve. Fig. 5 shows two such operating curves
two different processes. These curves plot the elevation
laser texture features as a function of laser power for

different process parameters. For example, a process A

for

of

including a certain pulse width, and spot size will produce a

curve A. Likewise, a process B including a certain pulse

width, and spot size, one or both of which are different

from

process A, will produce a curve B, For sombrero—-type texture

features, we have found that each curve will generally be

dome—-shaped, and will have a maximum feature elevation for a

single value of laser spot power.

A laser operated between powers P, and P, will produce
feature elevations between E, and E,. The range of power
between P, and P, is referred to as the process window W, for
process A. Changing, for example, the pulse width of the
laser produces a new operating curve B, which produces feature
elevations between E, and E, for laser powers between P, and P,.
The range of power between P, and P, is referred to as process
window W, for proeess B.

One goal of the present invention is to provide a
technique for repeatably producing laser texture features
having elevations within a predetermined range. This means

that the optimal process window accommodates as wide a



el evation between E[err] and E[err], for exanple process ‘A which, process
produces curve A, and process B, which produces curve B. As can be seen
fromFig. 5 the process window Werr] is muc narrower than the process

wi ndow WA for the range of selected feature eREPRPACPEMENTRHEET#ans that
e SiS PDOWe

process A can acconmpdate a w der varkation i

, such as

the aforenentioned inherent variation§, 't han t he
sel ected range of feature elevations. The cond fqor any
desired feature el evation, that process providing.th el ectgd|feature

el evation as the maxi num point on the plot of feature el evation versus

| aser

power will accommobdate the w dest vari at+en—+n—taser—poewer, and from

t he perspective of

fluctuation in laser pbwer as possible so as to allow for such
fluctuations as are inherent in operation of the laser. With

the information provided by Fig. 5, it is possible to select

‘operating conditions (as represented by an operating curve)

providing an optimal process window for the productiop of
laser texture features having an elevation as close as
possible to a selected elevation, for example E,.
Specifically, assume we wish to 6btain.feature elevations
as close to E, as possible (with some degree of tolerance for

system variations). If we know a process is capable of a

‘maximum feature elevation of E,, for example as shown by curve

A, then any variation in elevation will be between some lower
limit, for example E,, and the selected elevation E,. Now,
compare two process for'producing a texture feature with
elevation between E, and E,, for example process A which,
process p:oduceS'curve A, and process B, which produces curve
B. As can be seen from Fig. 5, the process window W, is much
narrower than the process window W, for the range of selected
feature elevations. This meané that process A can accommodate
a wider variation in laser spot power, such as the
aforementioned inherent variations, than can process B fér the
selected range of feature elevations. The éonclusign_is that
for any desired feature elevation, tha; process providing the
selected feature elevation as the maximum point on the plot of
feature elevation versus laser power will accommodate the
widest variation in laser power,'and from the perspective of

producing uniform feature elevation in light of fluctuations



produci ng uni form feature elevation in light of fluctuations

16 in |aser power, is the preferred process over all other,
process capabl e of producing features at-the desired
16 -
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in laser power, is the preferred process over all other
process capable of producing features at the desire&
elevation. |

Thus, formation of laser texture features by practice of
the present invention begins by referring to a matrix of
feature elevation data and associated process parameters
specific to.thé substrate composition in which the laser
texture features are to be formed. Such a matrix will
typically be constructed by performing multiple test runs of
the laser texturing apparatus on the specific target surface
composition (e.g., the éubstrate), keeping all operating
parameteré constant, monitoring the inherent fluctuations in
laser power over time,'and plotting the resulting laser
texture feature elevations against laser powers to arrive at
an operating curve. ﬁekt, one or more parameters of the laser
texture process are adjusted (for example, spot size and/or
pulse width), and the process of correlating feature elevation
and laser power repeated to produce a new operating curve.

Once the feature elevation versus process parameter
matrix is assembled, a target feature elevation is selected.
Selection of this elevation will be a function of desired
flying height, and other parameters relating to integration of
the magnetic recording disk into a disk drive. A process is
then selected having a maximum feature elevation equal to (or
within a set percentage of) the target feature elevation.
This requires that it is possible to develop processes for

arbitrarily selected feature elevations. We have verified



el evati on. Thus, formation of |aser texture features by practice of
the present invention begins by referring to a matrix of feature elevation
data and associ ated process paraneters specific to the substrate Such
conposition in which the laser texture feature uch a
HBFPIX will typically be constructed E} perfor BﬁACﬁNﬁﬁﬂggﬁgEf runs of
the | aser texturing apparatus on the specific target surf-ace cpnposition
(e.g., the substrate), keeping all operating paranme2 6FEB @9t ant
nonitoring the inherent fluctuations in |aser poyer over tinme,|and
plotting the resulting |aser texture feature ele | . | aser
powers to arrive at

3N

this is the case for feature elevations at least in the range
between 150A and 500A.

For example, three curves having arbitrarily selected
peak elevations are shown in Fig. 6. These three curves
represent processes 1, 2, and 3 for forming laser texture
features in a plated NiP layer on an aluminum alioy base. The
conditions for each process are shown in Table 1. The focal
length for each process was 25.8 mm, and thé beam offset from

the center of optics 22 was 1.5 mm:

‘pulse beam size at laser type and iris
width lens (full model diameter
width at half ‘
maximum)
Process 1 |10 nsec {2.0 mm . YLF laser, 3.77 mm
Spectra Physics
7960~L4-E
Process 2 {35 nsec |1.3 mm YVO, -laser, 3.03 mm

Spectra Physics
T20-V70-106Q

Process 3 |35 nsec [0.7 mm ¥YVO, laser, 3.03 mm
Spectra Physics
T20-V70-106Q

Table 1

As can be seen from Table 1, the various curves of Fig. 6
are selected by varying the beam size, either at a beam
expander (as in the exemplary processes 1-3 above), at an iris
or by another technique known in the art, and/or by varying’
the pulse width of the laser. Thus, processes 1-3 illustrate

that one skilled in the art may select process conditions



an operating curve. Next, one or nore paraneters of the laser texture
.process are adjusted (for exanple, spot size and/or pulse wdth), and the
process of correlating feature elevation and |aser power repeated to

produce a new operating curve. Once the feature el evation versus
process paraneter matrix is assenbledﬁeatarg'* eat 'Sﬁggg)n S
sel ected. Selection of this elevation—will be |REPLACE il r ed

flying height, and other paraneters relating tq ifaitegration of | the
magnetic recording disk into a disk drive. A priodesd ¢ FEB1BEN Heliect ed
havi ng a maxi num feature el evation equal to (or ithin a set pgerjcent age
of) the target feature elevation. This requirep -t silble to
devel op processes for

providing a desired texture feature elevation, for example
from within the range of elevations between 150A and 5004.

In general; to those skilled in the art to which this
invention relates, many changes in construction and widely
differing embodiments and applications of the present
invention will suggest themselves without departing from its
spirit and scope. For example, the présent invention has been
described from'the perspective of forming laser texture
features in metal layers. However, there are numefous
disclosures in the art relating to the fofmation of laser
texture features in nonmetallic materials, such as glass,
which would benefit from the teachings of the present
invention.

Furthermore, the present invention has been described in
terms of two common cross sections of laser texture feature -
the crater énd the sombrero. However, these shapes are merely
illustrative, and the present invention is not limited to
formation of laser t;xture features of any particular cross-
section.

- Still further, lasers havihg frequency multipliers
- {("frequency multiplied laser") may be used for laser texturing
according to the present invention such that the wavelengths
employed are 1/2, 1/4, etc. of the natural wavelength of the.
laser.

In addition, a laser has exemplified the radiation source
used to form the texture features. However, other sources of

radiation may be employed to form texture features. Principal



arbitrarily selected feature el evations. W have verified

17 this is the case for-feature elevations at least in the range
bet ween 150A and 500A.

—
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other sources include radiation outside the visible spectrum,
such as infrared radiation. Thus, the disclosures and
descriptions herein are illustrative, and are not intended and

should not be read to be in any sense limiting.



For exanpl e,
shown in Fig. 6. These three curves represent processes ﬁmm f&tﬂ
formng | aser texture features in a plated NiP |ayer on. T
conditions for each process are shown in Table}l Theﬁkgqgh?
er

| ength for eaeh—process—was-25.-8 nm ard® t he beam of fset |

base. The

three curves having arbitrarily selected peak elevations are

[EET

bm2 @

-

of optics 22 pul se beam si ze a | aser type_aind
iris LT T T di aet er
wi dth at ha If xi mum) Process 1 10 ngec 2.0 -m
YLF | aser, 3.77 mm S Spectra
Physi cs 7960°IVCAPOREAeENT] 35 nsec
1.3 mMm Yy err] laser, 3. 03 mmb.._GRANTED

What is claimed is:

1. A method for forming texture features of uniform-and desired
elevation in a selected layer of a magnetic recording disk, said
method employing a radiation source, comprising the steps of:

selecting a target elevation for said texture features, said
target elevation being between 1S50A and S5004;

selecting process parameters, including at least a pulse
width of said radiation source and a diameter of a spot
representing the incidence of a radiation beam produced by said

radiation source on a target surface of said selected layer, said

selected process parameters capable of forming texture features at

a maximum_eievation aéproximately equal to said target elevation;
and .
causing said radiation beam to be incident on said target
surfaée with said selected pulse width and said selected spot
diameter so as to form texture features having said selected

target elevation.

2, A method for forming laser texture features of uniform
elevation in a selected layer of a magnetic recording disk, said .
method employing a laser, comprising the steps of:

selecting a target elevation for the laser texture features,

said target elevation being between 150A and 500A;

selecting process parameters, including at least a pulse

width of said laser and a diameter of a spot representing the

incidence of a laser beam produced by said laser on a target

This Sheet Has Been Replaced




"Spectra Physics T20 V70- 106Q Process 3

35 nsec 0.7 mm YV(Jerr] |aser,

Spectra Physics Uw ﬂ

Table 1 . EPI%CWEN%SHEE m Tabl e 1,. thl fﬂmm Hmn@ of Fig. 6
are selected by va sy ze, ei ther. at" a ‘bedm "expander (as in

the exenplary pradc si.jér.::t?i =) at an iris or by anot her techni que
y vary

known in the art, n t2ile pul se l-aser. Thus,
Le skitH ed in tge abtR r@gﬁ %Qt process

processes 1-3 iIIu
conditions

surface of sald selected layer, said selected process parameters
forming laser texturg features at a magimnm elevation®
approximately equal to said target elewvation; and

causing said laser beam to be incident on said target surface
with said selected pulse width and said selected spot diameter so
as to form laser texture features having said selected target

elevation.
3. The method ¢of claim 2, wherein said laser is a YLF laser.

4. The method of claim 3, wherein said laser is frequency

multiplied.
5. The method of claim 2, wherein said laser is a ¥YVQ, laser.

6. The method of claim S, wherein said laser is frequency-

multiplied.
7; The method of claim 2, whérein séid laser is a YAG laser.

8. The method of claim 7, wherein said laser is frequency

multiplied.

9. The method of claim 2, wherein the laser texture features

produced have an annular depression sufrounding a centrally

located crown, said crown being the only ﬁart of said laser

-
cet Has Been Replaced
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texture features héving the target elevation.
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fromwithin the range of elevatic
general ,

provi di ng a desir edJR&E for exanple -

In

to those skilled in the larjt _Bgi S
———— o0
LU I |

ISINGAPORE PATENT
GRANTED

10. The method of claim 2, wherein said laser texture features

are formed only in a se;ected CSS zone.

11. The method of claim 2, wherein said selected layer is a
polished layer of nickel phosphate plated onto an aluminum alloy

base.

12. A method for manufacturing a magnetic recording disk of the
type having laser texture features of uniform elevation formed in
a selec;ed layer thereof, séid method employing a laser,
comprising the steps of:

selecting a target.elevation for the laser texture features, .
said target elevation being between 150A and 5003; |

selecting process parameters, including at least a pulse
width of said laser and a diameter of a spot representing the
incidence of a laser beam produced by said laser on a target
surface of said selected layer, said selected process parameters
forming laser texture features at a maximum élevation
approximateiy equal to said target elevation;

causing said laser beam to be incident on said target surface
with said selected pulée width and said selected spot diameter so
as to form laser texture features having said selected target
elevation; |

depositing by sputter deposition process onto said selected
layer a layer of magnetic récording material such that the

topography of the laser texture features formed in the selected



i nvention rel ates, many changes in construction and widely differing

enbodi nents and appllcatlons of the present in ' ' est

t hemsel ves Wit hqui.depasiirpg-Frimits spirit a ﬂﬂﬁnu H npl e, the

present inventi REPEﬁCE}?ENng | bed fromthe a k rmng | aser
A :

texture featur ayets] However, there are nunerous disclosures

in the art rel atji 199); tlon of laser texture features in
P
i nventi on has begn descrlbed in tierns of two commomcr

nonmetal lic materi aI such as ¢l dss, 23hi ch WodlGRRBRE sateh@l t he
iqn. — Fur tiher neRaNTERE Pr ;jsent
| aser texture febite '

_:f

i ons of

layer is also present in the layer of magnétic recording material; -
and )

depositing by sputter deposition process onto said layer of
magnetic recording material a layer of impact and corrosion
protection material such that the topography of the laser texture
features present in the layer of magnetic recording material is

also present in the layer of impact and corrosion protection

material.

13. The method of claim 12, further comprising the step of,
following formation of the laser texture features and prior to
depositing the layer of magnetic recording material, depositing by
sputter deposition process onto said selected layer an underlayer

of nickel phosphate.
14. The method of claim 12, wherein said laser is a YLF laser.

15. The method -of claim 14, wherein said laser is frequency

multipligd.
16. The method of claim 12, wherein said laser is a YVO, laser.

= 17. The method of claim 16, wherein said laser is frequency

multiplied.

18. The method of claim 12, wherein said laser is a YAG laser.
[

heet Has Been Replaced

A



the crater and the sonbrero. However, these shapes are rrerely
illustrative, and the present invention is not limted to t|on of
| aser texture features_of any-—particular cross sec

further, |lasers WXWEH Ingl ! ggiorg‘““ﬂuﬁm“w E!ll:' ! ?gveht i on

| aser”) may be
such that the yed are 1/2, 1/4, étc. of the natural

wavel engt h of the . I n addi2di on, a | aser has exenplified the
radi ati on sourc he texture feat t her sources
e enployed to formtexture f ﬁNGP@@‘lEDPA\TiENQaI
GRANTED :

of radiation
19. The method of claim 18, wherein said laser is f:equency -

multiplied. -

20. The method of claim 12, wherein the laser texture features
produced have an annular depression surrounding a centrally
located crown, said crown being the only part of said.laser

texture features having the target elevation.

21. The method of claim 12, wherein said laser texture features

are formed only in a selected CSS zone.

22. The method of claim 12, wherein said selected layer is a
polished layer of nickel phosphate plated onto an aluminum alloy
base.
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19 _ ot her sources include radi ation outside the visible spectrum. -
such as infrared radiation. Thus, the disclosures and descriptions herein-

are illustrative, and are not intended and should not be read to be in any
sense |imting. '
REPLACEMENT SHEET
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DISK TEXTURING METHOD FOR IMPROVED
FEATURE ELEVATION UNIFORMITY -

ABSTRACT OF THE INVENTION

A method for forming texture features in an intermediate
layer of a magnetic disk, for example by incidence of laser
radiation upon a selected layer of the magnetic disk, produces
improved elevatlon uniformity when the target height for the
features is approxlmately equal to the maximum feature helght
capability of the selected process. This invention teaches that
this maximum feature height may be :selected by proper choice of

"operating parameteré. Thus, a first step is to determine feature.
heights produced by selected process parameters. Second, a target
fe;ture height is selected. Third, texture features are formed in
a layer of the magnetic recording disk, such as a highly polished
layer of NiP, by that process producing a maximum feature height
at approximately the target height. Finally, subsequent layers of
the recording disk are fgrmed such that they carry forward the
topography of the texture fgatures.

Fig. 2
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20 VWHAT IS CLAIMED IS: A nethod for formng texture features of

uni form and desired elevation in a selected |ayer of a magnetic recording
di sk, said met hod eapl oying a radi ati on source, conprising the steps of:
selecting a target elevation for said texture features; determ ni ng
a plurality of paraneters to be used, including a first parameter and
at | east one ot her paraneter; determ ni ng el evati on values of said

texture features for a 2 .
REPLACEMENT SHEET|
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pl urallty of values of said first parameter sufficient to det erm ne

el evation as a function of said first paraneter, wherein said
determi nation of elevation as a function of said first paraneter
determ nes a maxi mum el evation at a first val ue of said first
paranmeter such that elevations of said texture features are Iower
t han said maxi mrum el evation at at | east one t

par anmet er above said first value 2nd at at | Miﬂ/j sai d

first paraneter bel ow said first val ue; FREPLQC. WLE;NTﬁEETI ue of

said at | east one other paraneter such that sajd BUbg | gvation is

approximately equal to said target el evation zng%'E ? .
Fig. 3A . Fig. 38
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causi ng a beamof radiation to be incident on a target - .surface of

sai d magnetic recordi ng disk using said selected -val ue of said at
| east one ot her parameter and said first val ue of said first
paraneter to formtexture features having an el evation approxi mtely
equal to said target elevation. 2. The nethod as described in O aim1;
wherein said radiation source conprises a |aser.
3
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3 The nethod of Claim2, wherein said |laser is selected from the group

consisting of a YLF laser, a YVJerr] |laser and a YAG | aser. 4. The

met hod of claim 3, wherein said laser is frequency multiplied. 5. The
met hod- of Caim1l, wherein said first paraneter is one of an energy and a
power paraneter. 6. The nethod of Claim1l, wherein said at |east one

ot her paraneter conprises a pulse w dt4h of said radiation source and a

-
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el evation | hewramge* of approxi mafely 150 A.thro

dlaneter I ng the incidence of said bean1of radlg‘%% i
sdi d targetl ﬁ}“ mu‘m‘“ﬂm}he met hofl of "Cl ai m ,i~wher Starget.. ...
met hod of Claiml , wherein said texture features prod “ar..

depr essi on SUFHNQQQb@% Trrally |ocated crown,” sa " '
only part of aid(hgﬁ@f%§p§§ ure featu%g% havi ng the-target e evathn“

9. The nethod_ rein said texture fehtures»are

WHAT IS CLATMED I8: [ .

1. A method for forming texture features of uniform and desired

elevation in a selected layer of a magnetic recording disk, said
- method employing a radiation scurce, comprising the steps‘Bf:

selecting a target elevation;

selecting process pa}ameters, including at least a pulse
width of said radiation source and a diameter of a spot "
representing the incidence of a radiation beam produced by said
radiation source on a target surface of said selected layer, said
salected process paéameters capable of forming texture features at
a maximum elevation, wherein said process parameters are selected
such that said maximum elevation'is appr9§imately equal to said
target elevation; o |

determining a first value of a fufther parameter at which
said method using said selected process parameters achieves said
maximum elevation, wherein within a range of values of said
further parameter elevations of said texture feature are lower
than said maximum elevation at at least one value above and at at
least one value below said first value of said further parameter;

causing said radiation beam to be incident on said target
surface with said selected pulse width and said selected spot
diameter; and

using said selected first value of said further parameter so

as te form texture features having said selected target elevation.

2. A method for forming laser texture features of uniform

elevation in a selected layer of a magnetic recording disk, said

REPLACEMENT SHEET
13 FEB 1998

method employing a laser, comprising the steps of:
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f ofmed onIy in a selected CSS zone. ' - 22
o 10. The nmethod of Cdaiml , wherein'said selected Iayer is a polished

| ayer of nickel phosphate plated onto dan alumnumalloy base. 11. A disk
for use in a disk drive produced by a nethod according to Caiml.
- 21 -

SINGAPORE PATENT
. | o GRANTED

aeléeting a target elevation for the .laser texture features,
said target elevation being between 150A and S00A;

selecting process parameters, including at least a pulse
width of séid laser and a diameter of a spot representiné the
incidence of a laser beam produced by said laser on a target
surface of said selected layer, said selected process parameters .
forming laser texture features at a maximum elevation within a’
range of values of a further parametef, said maximum elevation
occurring at a first value of said further parameter, such that
elevationa of said texture feature are lower than said maximum
elevation at at least one value of said further parameter above
and at at least one value of s_ai@ _.fur_g:h’_er. parameter below said
first value, wherein said meiimum elevatién that occurs at said
first value of eaid further parameter is approximately equal to
said target elevation; and

causing said laser beam to be incident on said target surface
with said selected pulse width and said selected spot diameter and
using said selected first value of said further parameter so as to

form laser texture features having said selected target elevatiom.,

3. The method of claim 2, wherein said laser is selected from

the group consisting of a YLF laser, a YVO, laser and a YAG laser.

4, The method of claim 3, wherein said laser is frequency

multiplied.
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12." A netHod for forni ng texture features of uniformand desired elevation
in a selected |l ayer of a magnetic recordi ng disk, said nethod enploying a

radi ati on source, conprising the steps of: : sel ecting a target

el evation for said texture features; _ det lurality of
paranmeters to be used. including first paia ®AzENTEast one
ot her paraneter; det ermi ni ng-effvaticn va ANEED texture
features for a plurality of values of said.first parane suf fi.ci ent
to determ ne ‘el evation as a function of said first paraneter,
wherein. said determ nation of elevation as-a function of said first

parameter geter vat on .at a.fki kst val ue of said
first par argret erﬂé@ugﬁpgﬁgﬁég%ﬁ ghsw Tl gaid Eur‘ilé%ﬁ 8?5%5?‘09@5 O4Re
| ower thanofaan emergyuené! £vdwepatamdter .

6. The method of claim 2, wherein the laser texture feétures
produced h_ave an annular depression surrounding a centrally
located crown, said crown being the only part of said laser

texture features having the target elevation. .

7. The method of claim 2, wherein said laser texture features

are formed only in a selected CSS zone.

8. The method of claim 2, wherein said selected layer is a
polished layer of nickel phosphate blé..tied; onto an aluminum alloy
base.

9. A method for manufacturing a magnetic recording disk of the
type having laser texture features of uniform elevation formed in
a selected layer thereof, said method employing a laser,
comprising the steps of:

selecting a target elevation for the laser texture features,
said target elevation being between 150A and 5004;

selecting process parameters, including at least a pulse
width of said laser and a diameter of a spot representing the
incidence of a laser beam produced by said laser on a target
surface of said selected layer, said selected process parameters
forming laser texture features at a maximum elevation within a

range of values of a further parameter, said maximum elevation
T

‘:_‘!II“J ||||ll |||j| \||\s|_||r|!|| : \\“\l\iﬁﬁﬁ“\‘ﬁﬁ“\d REPLACEMENT SHEET
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| edst one val ue of said first paraneter above said first .val ue and at

rat | east one value of said first patanmeter bel ow said first -val ue;

sel ecting a value of said at |east one‘other paraneter such that said
maxi num el evation is approximately equal to said target el evation;

- 23 - causi ng a beam of rqdb@tton to be incident on a target

SINGAPORE PATENT |
| GRANTED -

 occurring at a first value of said further parameter, such that:
" elevations of said texture feature are lower than said maximum
elevation at at least one value of said further parameter above
and at at least one value of said furcher parameter bela; said
first value, wherein said maximum elevation that occurs at said
first value of said furéhér parameter is approximately equai to
said target elevation; '
causing said laser beam to be incident on said target surface
with said selected pulse width and said selected spot diameter and
using said selected first value of said further parameter so as to
form laser texture features having said selected target elevation;
depositing by sputter deposition process onto said selected
layer a layer of magnetic recording material such that the
topography of the laser texture features formed in the selected
layer is also present in the layer of magnetic recording material;
and
depositing by sputter deposition process onto said layer of
magnetic recording material a layer of impact and corrosion
protection material such that the topography of the laser texture
features present in the layer of magnetic recording material is
also present in the layer of impact and corrosion protection

mataerial.

10. The method of claim 9, further comprising the step of,
following formation of the laser texture features and prior to

depositing the layer of magnetic recording material, depositing by’

REPLACEMENT SHEET
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sufface of said magnetic récording di sk usi ng said sel ected val ue of

corrosi on

W 13 FEB 1998

-said at |east one other paraneter ahd said first val ue of said first
paraneter to formtexture features having an el evation approxi mately
equal co said target elevation; depositing by a sputter deposition
process onto said sel ected | ayer, a | ayer of ]5§§F990L g
mat eri al such that the topograpﬁ#fof t he textfure Eﬁ B med in
t he selected layer is al.so present in the la i C '
recording material; and depositing by a sputter deposition process
onto said | ayer of magnetic recording material a |ayer of inpact and

protection material such that the topography of the
sputter deposition process.onto said selected layer an underlayer

of nickel phosphate.

]
11. The method of claim 9, wherein said laser is selected from

the group consisting of a YLF laser, a YVO, laser and a YAG laser.

12. The method of claim 11, wherein said laser is frequency

maltiplied,

13. The method of claim 9, wherein said further parameter ia one

of an energy and a power parameter.

14. The method of claim 9, whereih .the laser texture features
produced have an annular debression surrounding a centrally
located crown, said ¢rown being the only part of said laser

texture features having the target elevation.

:_LS. The method of claim 9, wherein said laser texture features

are formed only in a selected CSS zone.

16. The method of claim 9, wherein said selected layer is a
polished layer of nickel phosphate plated onto an aluminum alloy
base.
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met eri al .

followru]fornatl ek e
the | ayer of magnetic recor Ui ny rater| 0 depqsitlng Py

texture features present in the |ayer of nagnetlﬁfﬁi““'“”“m:
is also’ present T§~Tﬁ§_“T“ér‘Uf~rﬁpact and cart. :
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process onto said selected |ayer an un Iayer of nickel phosphate. 14.
The net hod b?}IATGI% rPL]AZIMI-fweIrSe.l n said radiati oq SO T e nm"prms*es:sa'l/ﬁser

i
|

1 .

A method for forming texture features of uniform and desired

elevation in a selected layer of a magnetic recording disk, said

method employing a radiation source, comprising the steps of:

2.

source comprises a laser.

selecting a.target elevation for said texture features;

determining a plurality of parameters to be used, includiﬁg
a first parameter and at least one other parameter;

determining elevation values of said texture features for a
plurality of values of said first parameter sufficient to
determine elevation as a function of.said first parameter,
wherein said determination of elevation as a function of said
first parameter determines a maximum elevation at a first
value of said first parameter such that elevations of said
texture features are lower than said maximum elevation at at
least cne value of said first parameter above said first
value and at at least one value of said first parameter below
said first value:;

selecting a value of said at least cne other parameter such
that said maximum elevation is approximately equal to said
target.elevatian;

causing a beam of radiation to be incident on a target
surface of said magnetic recording disk using said seledfed
value of said at least one other parameter and said first
value of said first parameter to form texture features having

an elevation approximately equal to said target elevation.

The method as described in Claim 1, wherein said radiation
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15 JUN 1998




-24- 15 The nethod of claim 14, wherein said |aser is selected from
~the=group consisting of a YLF laser, a YV(Jerr] laser and a YAG | aser.
16 The net hode said further paraneter is one of an

erer s ool

rmcnpnacan:

3. The method of Claim 2, wherein said laser is selected from

the group consisting of a YLF laser, a YVO, laser and a YAG laser.

4. The method of claim 3, wherein said laser is frequency '

multiplied.

5. The method of Claim 1, wherein said first parameter is one

of an energy and a2 power parameter.

6. The method of Claim 1, wherein said at least ore other
parameter comprises a pulse width of said _:adiation source and a
diameter of a spot representing the incidence of said beam of

radiation on said target surface. . :i™y i

7. The method of Claim 1, wherein said target elévation is in

the range of approximately 150 A through 500 A.

8. The method of Claim 1, wherein said texture features
produced have an annular depression surrounding a centrally
located crown, said crown being the only part of said laser

texture features having the target elevation.

9. The method of Claim 1, wherein said texture features are

formed only in a selected CSS zome.
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17.. The met hod of Caim12, wherein said at |east one other paraneter
.conprises a puls Sal duadl ation source and a dianeter of a spot

representing the m‘“&‘ d beam of radiation on said target
surf ace. 18 . Eﬂ“ aim 12, wherein said target elevation is
in the range of "ap

proxtnal ely 150 A through 500 A 19 . The nethod of
claim12, wherein said Iaser texture fg@&Aures are formed only in a
sel ected CSS zone. -

10. The method of Claim 1, wherein said selected layer is a
polished layer of nickel phosphate plated onto an aluminum alloy

base.

11 . A disk for use in a disk drive produced by a method according

to Claim 1.

12. A method for forming texture features of uniform and desired
elevation in a selected layer of a magnetic récording disk, said
method employing a radiation source, comprising the steps of:
selecting a target elevation for said texture features;
determining a plurality of parameters toc be used, including
a first parameter and at least cne other parameter;
determining elevat:ii‘p‘;_‘_:..;qgglggﬁi_,i.ggg-.isi.g_:‘;.g. texture features for a
plurality of values of said first parémeter sufficient to
determine elevation as a function of said first parameter,
wherein said determ.i_.nation of elevation as a function of said
first parameter determines a maximum elevation at a first
value.of éaid first parameter such that elevations of said
texture features are lower than said maximum elevaticn at at
least one value of said first parameter above said first
value and at at least one value of said first parameter below
said first value;
selecting a value of said at least one other parameter such
that said maximum elevation is approximately equal to said

target elevation;

15 JUN 1998
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causing a beam of radiation to be incident on a target
surface of said magnetic recording disk using said selected
value of said at least cne other parameter and said first
value of said first parameter to form texture features having
an elevation approximately equal to said target elevation;

depositing by a sputter deposition process onte said
selected laver a layer of magnetic recording material such
that the topography of the texture features formed in the
selected layer is also present ih the layer of magnetic.
recording material; and

deposiﬁing by a sputter deposition process onto said layer
of magnetic recording material a layer of impact and
corrosion protection material such that the topography of the
texture features present in the layer pf magnetic recording
material is also preséﬁé*ih7€§éfi§92£“$f impact and corrosion

protection material.

13 - The-me:hod of claim 12, further comprising the step of,
following formation of the laser texture features and prior.to
depositing the layer of magnetic recording material, depositing by
sputter deposition process onto said selected layer an underlayer

of nickel_phosphate.

14. The method of Claim 12, wherein said radiation source

comprises a laser.
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15 . The method of claim 14, wherein said laser is selected from

the group co'nsist:ing"of a YLF laser, a YVO, laser and a YAG laser.

16 . The method of claim 12, wherein said further parameter is one

of an energy and a power parameter.

17. The method of Claim 12_, wherein said at least one other
parameter comprises a pulse width of said radiation source and a
diamezer of a spot representing the incidence of said beam of

radiation on said target surface.

18 . The methed of 'Claim 12, wherein said target elevation is in

the range of approximately 150 A through 500 A.

19 . The method of claim12, wherein said laser texture features

are formed only in a selected CSS zone.
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