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The present invention relates to the field of magnetic
disk manufactﬁring, and more particularly to an apparatus for
creating a desired surface texture on selected regions of a

15 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

20 number 94308034.1.

As is known from these refersnces, the output beam of a
pulsed laser is focused onto the surface of one layer of a
magnetic disk with sufficient intensity to locally melt a
portion of that layer and/of sublayers. When the laser power

25 is sufficiently attenuated, the melted region resclidifies,
leaving a geometric variation (referred to herein as a l§§er
texture feature) in the surface topography of thé targeted
layer or sublayers. The physical characteristics of the laser
texture features are a function of laser pulsé width, spot

30 size and shape, and spot energy.
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magneti c recording di sk. Met hods and apparatus for creating texture
features on the surface of magnetic recordi ng disks using | aser energy are
known. See, for exanple, U S. patents 5,062,021 and 5,108,781 to Ranjan et
al ., and published European Patent Application nunber 94308034. 1. As
I's known fromthese references, the output beamof a pulsed laser is
focused onto the surface of one |ayer of a nagnetic disk wth sufficient
intensity tMeStoc@MmMeniyl.t thesgolapen SPxtHae Eapbpraadpse eiubhayers. Wen
the | aser power is sufficiently attenuated, the nelted region

r esol ICHAtEES, o PAFPRg (ASGBBRBEPFC) vAPFEEHOAN (RePLRPRE/ t PERYEAR as a | aser

nickel phosphorous (NiP) layer on an aluminum substrate (in
the case of the aforementioned published European Patent

S Application, such features are formed directly on the surface
of a glass substrate). The rims of the craters or tops of the
bumps rise above the plane of the surface of the layer in
which they are formed. Subsequent layers depoéited on the
layer having the laser texture features carry forward the

10 laser texture features so that the finished multi-layered
magnetic disk has approximately those same laser texture
features (e.g., shape, depth/height, density, etc.) in its
outermost léyer.

A magnetic disk having variation in its surface

15 topography formed by laser melting and resolidification is
referred to herein as a laser textured disk. As well known, a
magnetic disk having a smcoth, specular surface is preferred
in the art to permit a transducer to ride as close to the disk
~surface as possible. Therefore, particular attention has been.

20 paid to processes for forming laser texture features in a
special landing or CSS zone of the disk, for example as taught
by Sugiyama in published Japanese patent application number 4-
139621.

One important criterion for laser textured disks is that

25 the fluctuation in height of the laser texture features be

very small (i.e., that the features be as close to the same

height from the magnetic disk surface as possible). If the
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texture feature) in the surface topography of the targeted |ayer or

subl ayers. The physical characteristics of the |laser texture features are
a function of |aser pulse width, spot size and shape, and spot energy.

2 Most commonly, these |laser texture features are either «craters
or bunps ("sonbreros") fornmed in a planar, specular ’

heights of certain features are greater than others, those
taller features will essentially appear as asperitiés with
which a transducer will collide during operation, resulting in
degradation of performance.

S In typical laser texturing apparatus known in the art,
the laser beam creating the laser texture features impinges
the disk surface normal to that surface. As will be further
detailed below, we have discovered that this leads to a
reflection of coherent laser light from the disk surface back

10 into the laser’s cavity, which causes: (a) the laser’s output
energy to fluctuate (affecting the uniformity of attributes of
the laser texture feature such as height and shape); (b)
instability of the laser’s mode (distorting the focus of the
laser spot on the disk surface); and (c) instability‘in the

15 optical focal length (affecting the power of the spot on the
disk surface). 1In addition, this reflection can alter, in an
uncontrolled manner, the average parameters of the beam. The
net result is nonuniformity of the height and shape of the
laser texture features produced by such an apparatus.

20 It is an object of the present invention to improve the
laser texture.feature uniformity and reproducibility by
eliminating the reflection of coherent laser light from the
disk surface back into the laser cavity.

25 Summary of the Invention

The present invention is an apparatus for creating laser

texture features in a magnetic recording disk designed to
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ni ckel phosphorous (N P) layer on an al um num substrate (in the case of

the af orenenti oned published European Patent Application, such features

are formed directly on the surface of a glass substrate). The rins of the
craters or tops of the bunps rise above the plane of the surface of the

| ayer in which they are formed. Subsequent |ayers deposited on the |ayer ¢
having the |aser texture features carry forward the |aser texture features
so t haeveheone ntkeRIreRAens | @f eyl eqrd@ietdnd dieskbrss #5pitdRi matel y t hose

sane | aser texture, features (e.g., sha e,_depth/hei%ht, density, etc.) in
its oﬁ?%ﬁYﬁﬁﬁf?%&%ﬁg coherent laser light into the laser cavity.

:Eliminating the feedback of coherent laser light results in
elimination of feedback-induced power variation of the laser.
5 Elimination of this power wvariation results in an increase in
an improvement in uniformity of the heiéht and shape of such
features.
According to the present invention, elimination of the
feedback of laser light into the laser cavity is accomplished
10 as follows:
the beam path of the laser beam is passed through
focusing optics to focus the beam to a spet on the disk_
surface;
the beam path is radially offset from the radial center
15 of the focusing optics so that the focusing optics bend the
beam path, and further so that the beam is angled from normal
to the surface of the disk, for example'by between 2 and 5
degrees; and
that portion of the beam reflected by the disk surface 1is
20 blocked by appropriate means prior to its entering the laser
cavity.
The magnetic disk typically comprises an aluminum
substrate onto which numerous layers are formed. A first such
layer is comprised of nickel phosphate plated onto the
25 substrate. According to one embodiment of the present
invention, the laser energy is focused on the surface of the
plated nickel phosphate layer, and the laser texture features
—\M
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A magnetic disk having variation in its surface topography forned by | aser
nmelting and resolidification is referred to herein as a | aser textured
disk. As well known, a magnetic disk having a snooth, specular surface is
preferred in the art to permt a transducer to ride as close to the disk
surface as possible. Therefore, particular attention has been paid to
processes for formng | aser texture features in a special |anding or CSS
zone gfetherdédkinf tiie exbapie mischellgitosghatSudiawem iAcquddiinghed Japanese
pat ent application nunber 4- 139621. One inportant criterion for

| aseranether eembodkmens, tthla% lasdwre dremgwatd ofedusdbightthedf surEalcaser

texture features be
of the aluminum substrate itself, and the laser texture

features are formed in the aluminum substrate.

5 Subsequent to forming the laser texture features,
additional layers are formed on the substrate, such as layers
of magnetic material and layers of hard and corrosion
resistant protective material. These subsequent layers
deposited on the layer having the laser texture features carry

10 forward the laser texture features so that the finished multi-
layered magnetic disk has approximately those same laser
texture features (e.g., shape, depth/height, density, etc.) in

its outermost layer.

15 ief iption of the Drawing
The present invention will be described in greater detail
pelow, including specific examples thereof, with regard to the
figures, in which:
Fig. 1 is a schematic illustration of an apparatus for
20 producing laser texture features in magnetic hard disk
‘substrate of the type known in the art.
Figs. 2A and 2B are perspective and cross-sectional
views, respectively, of a crater-type laser texture feature.
Figs. 3A and 3B are perspective and cross-sectional
25 views, respectively, of a sombrero-type laser texture feature.
Figs. 4A through 4D are schematic illustrations of four

embodiments of an apparatus for producing laser texture
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very small (i.e., that the features be as close to the sane hei ght from

the magnetic disk surface as possible). If the

REPLACEMVENT SHEET : 3 hei ghts of
certain features are greater than others, those taller features wll
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eliminate feedback of laser light into the cavity of the

laser.
Figs. SA and 5B are histograms from an experiment
comparing the laser texture feature heights on disks

manufactured by apparatus of the prior art and the present

.invention, respectively.

As between each of these figures, like reference numerals

shall denote like elements.

D i D ription

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

=

functionality and features of the present invention. It wi
also be apparent that certain variations, additions,
deletions, modifications, gtc., to the embodiments, although
not specifically discussed herein, are contemplated and within

the scope of one skilled in the art given the present

“disclosure. Therefore, recitation of embodiments is not

intended as, nor should be read as, limiting the scope of the
invention claimed hérein.

Fig. 1 is a schematic illustration of an 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) YAG laser, which, as well

_—
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degradati on of performnce. In typi cal laser .texturing apparatus
known in the art, the |laser beamcreating the | aser texture features
i npi nges the disk surface normal to that surface. As will be further
det ai | ed bel ow, we have discovered that this leads to a reflection of
coherent laser light fromthe disk surface back into the laser's cavity,
whi ch causes: (a) the laser's output.- energy to fluctuate (affecting the
uni f or mnbownof cahisiishut e€ af Lathe tasttyt bxtiboendedt by ed ssrcdl asi height and
shape); (b) instability of the |aser's node (distorting the focus of the
| aser $porndnheié-didikesadf preximahdmicyorntd abilader i IR tdwodwyds @al focal
l ength (affecting the power of the spot on the
coherent laser beam 20, which is directed toward focusing
optics (lens or a combination of lenses) 22. Optionally, the
5 laser beam may be attenuated as well known in the art, for
example by a neutral density filter 23.
Laser beam 20 is focusediby focusing optics 22 to a spot
on a surface (referred to as the target surface 24) of a
selected layer of magnetic disk 25 retained in a disk
10 receiving region 29. Target surface 24 may be the surface of
the substrate of magnetic disk 25 or may be one of several
layers formed on the substrate, such as a plated NiP laver.
Beam 20 is incident on target surface 24 approximately
perpendicular, or normal, to the plane of said surface (e.g.,
15 within a few degrees of 90 degrees). Motor 26 causés magnetic
disk 25 to rotate, so that 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 disk 25 is translated roughly perpendicular
20 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.
The incidence of laser beam 20 on target surface 24
generally forms one of two types of laser texture features, as
25 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”, and is
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di sk surface). In addition, this reflection can alter, in an uncontrolled
manner, the average paraneters of the beam The net result is

nonuni formty of the height and shape of the |aser texture features
produced by such an appar at us. It is an object of the present
invention to inprove the |aser texture feature uniformty and
reproducibility by elimnating the reflection of coherent |aser light from
the di skogurfac€ibacRAi anopekhepeasévecand tHig. 2ESummernesof-39RE dafvention

The present invention is an apparatus for creating |aser -
Crater 30 has a raised rim 32, which rises "above the plane of

target surface 24. The height of the crater-type laser
texture feature is the height h of the rim 32 above the plane
5 of target surféce 24. The width of the crater-type laser
texture feature 30 is the diameter d of the roughly circular
rim 32.
The second representative feature is referred to as a
“sombrero” (so-called since in cross section it resembles this
10 type of hat), and is shown in Fig. 3A in perspective and Fig.
3B 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 height of the sombrero-type
laser texture feature is either the height h, of the rim 38 or
15 the height h, of the crown 40, whichever is greater, above the
plane of target surface 24. The width of the sombrero-type
laser texture feature 36 is the diameter d of the-roughly
circular rim 38.
The prior art arrangement described and shown in Fig. 1
20 leads to the disadvantage described above - namely, since the
angle of reflection will equal the angle of incidence, beam
21, which is a portion of beam 20, is reflected by the target
surface 24 directly back along the beam’'s path through the
focusing optics 22 (including étteﬁuator 23) and proximal
25 mirror 18 into laser cavity 14. The reflected coherent laser
light interferes with the lasing and Q-switching processes of

laser 12, and subsequent laser pulses have peak and mean power
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texture features in a magnetic recording di sk designed to

4 overcone the problens of reflection and feedback of the

feature-form ng coherent laser light into the laser cavity. Elimnating

t he feedback of coherent laser light results in elimnation of

f eedback-i nduced power variation of the laser. Elimnation of this power

variation results in an increase in :
fluctuations, variations in laser mode, and the system’s

optical focal length varies. The net result is non;niformity
in the shape and height of the laser texture features.

Fig. 4A details one embodiment S0 of the present

5 invention which is designed to eliminate feedback of laser
light into laser éavity 14, Thé components of this embodiment
are essentially the same as that of the prior art apparaﬁus
described and shown in Fig. 1. However, in this embodiment,
the path of laser beam 20 is offset relative to ﬁhe center

10 line C of the focusing lens by a distance A, for example 1.5
'mm._This offset results in the laser beam 20 striking the
target surface 24 at a slight angle, such as approximately
between 2 and 5 degrees. |

As in the prior art apparatus described above, some of

15 laser beam 20 is reflected by the target surface 24. - Since
the angle of reflection equals the angle of incidence, the
reflected beam 21 is not along the path of beam 20, but
diverges at an angle away from beam 20. Focusing optics 22
bends the path of beam 21 so that it is parallel to but spaced

29 apart from the path of beam 20 by a distance S, equal to twice
the value of A, for example 3 mm.

According to the embodiment 50 shown in Fig. 43, a
blocking apparatus or plate 52 is positioned in the path of
beam 21 which serves simply to block and absorb any part of

25 the reflected beam, preventing the reflected beam from
entering the laser cavity or othexwise affecting the system.

According to this embodiment, blocking apparatus 52 is simply
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an inprovenent in uniformty of the height and shape of such features.
According to the present invention, elimnation of the feedback of |aser

light into the laser cavity is acconplished as follows: t he beam
path of the |aser beamis passed through focusing optics to focus the beam
to a spot on the disk surface; the beampath is radially offset from?

the radial center of the focusing optics so that the focusing optics bend
the beanFpat AlabAdlPEREARrOBo-Rhatathes FAMRT SSihdiePFingmaririRd  to the

surface of the disk, for exanmple b bet ween 2 and 5
22 as laser 12. Accordlng varlatlon on thlS embodiment,

blocking apparatus 52 is a metal plate located on the same
side of the fogusing optics 22 as magnetic disk.25, as shown
s in Fig. 4C.
Alternatively, according to the embodiment 54 shown in
Fig. 4B, beam 20 passes through the aperture in an iris plate
56 which is located on the same side of the focusing optics 22
as laser 12. The radius of the aperture is large enough to

10 let beam 20 pass therethrough unaffected, but small enough to
block beam 21 on its return toward the laser 12. According to
a variation on this embodiment, iris plate 56 is located on
the same side of the focusing optics 22 as magnetic disk 25,
as showﬁ in Fig. 4D.

15 In each of these embodiments, the axis of the path P of
beam 20 was at an angle O of approximately 90 degrees relative
to the plane T of target surface 24. This angle may be varied
however, according to the requirements of particular
applications of the present invention.

20 We have performed a number of experiments to verify the
advantages bf the present invention. In these experiments, a
Q-switched YLF laser, model 7960-L4-E (2000mW, Nd:YLF),
manufactured by Spectra-Physics Lasers, Inc. of Mountain View,
CA was operated at a pulse energy of 6.8 HJoules. (Other

25 laser sources, such as YAG lasers are equally useful.) The 2
mm laser Seam was passed thrbugh a neutral density filter

(attenuator) and a 7 mm focusing lens of focal length 30 mm.
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degrees; and t hat porf?bn'of the beamreflected by the disk surface
is blocked by appropriate neans prior to its entering the laser cavity.
The magnetic disk typically conprises an alum num substrate onto which
nunerous | ayers are fornmed. A first such |l|ayer is conprised of nickel
phosphate plated onto the substrate. According to one enbodi nent of the
present invention, the |l aser energy is focused on the surface of the

pl at edThieckesephwephrudsedyat, 18K¥zt he | aser texture features

In a first experiment, the laser beam was'roughly
centered on the focusing lens, and roughly normally incident
on the planar surface of a NiP layer plated on an aluminum

S substrate. Many nominally identical laser texture features
were formed, and a statistical measure of those features was
made (approximately 100 randomly chosen.laser texture features
were measured).

In a second experiment, the laser beam was offset from

10 the center of the focusing lens by 1.5 mm. It was paséed
through an iris, and made incident on the NiP layer's planar
surface at an angle of approximately between 2 and S5 degrees.
The laser light was reflected £rom the substrate surface at
approximately the angle of incidence and passed through the

15 focusing lens, which brought the zeflected beam's path roughly
parallel to the beam path exiting laser, but offset
approximately 3 mm. The cpening in the iris was set so that
it blocked the reflected beam’s at this point. Again, many
laser texture features were formed, and a statistical heasure

20 of those features was made (approximately 100 randomly chosen
laser texture features were measured).

Table 1 summarizes the résults of the statistical
measures of these two experiments. In both expeiiments, laser

texture features of the sombrero type were formed.

25
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are formed in the plated nickel phosphate |ayer. According to another
enbodi nent, the laser energy is focused on the surface of the al um num
substrate itself, and the |laser texture features are fornmed in the

al um num substrate. Subsequent to form ng the Iaser texture feat ures,

addi t reret—t+eayersa—e © Pstat € AN o1 §
] *gé@g:fgﬁers :ﬁf $¥4rd hnd corrogFSH ﬁian e §1qma Slgma?

mat er

10

15

20

regnet i c

1||l.:\.n O C1ITe TS

()

Mean

1 0 Height | 22.9 17.2 1 27.3 1.8 0.08
{centered) {nm)

Width | 20.3 | 19.5 | 21.4 0.4 0.02
(1m)

2 1.5 mm Height | 23.3 | 21.7 | 26.8 0.9 0.04
{nm) '

Width | 19.6 | 19.0 | 20.3 0.3 0.02
{pm)

Table 1

As can be seen from Table 1, when the laser was centered
on the focusing lens in experimeat 1, the laser texture
features varied in height between 17.2 nm and 27.3 nm, with a
standard deviation of 1.8 nm. Changing only.the offset of the
laser relative to the focusing lens, and blocking the
reflected laser beam, the variation in laser texture feature
height in experiment 2 narrowed to between 21.7 nm and 25.8
nm, with a standard deviation of 0.9 nm. .Comparing the
standard deviation divided bv the mean for these two
experiments gives the relative effect of the reduced standard
deviation, a fifty percent relative improvement in feature
height.uniformity.

Figs. 5A and 5B illustrates the results of additional
runs of the these experiments. Fig. 5A is a plot of the
number of laser texture features (frequency) plotted against
feature height (Center Bump Height) for features fabricated by
a prior art apparatus of the type described and shown in Fig.
1. Fig. SB is a similar plot for features fabricated by an

apparatus according to the present invention of the type shown
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resistant protective material. These subsequent |ayers deposited on the

IFayer having the | aser texture features carry forward the |aser texture
features so that the finished nulti- |ayered magnetic disk has
approximately those sanme | aser texture features (e.g., shape,

dept h/ hei ght, density, etc.) in its outernost |ayer. Brief Description
of the Draw ngs The present invention will be described in greater
detail imd iy 4 nclARITH ARedTPOLiSeddy seerhetdsf digtrabregandofo the
figures, in which: Fig. 1 is a schematic illustration of an apparatus

.

for

10

15

20

25

heights is much narrower for the features fabricated by the
apparatus according to the present inventionﬂ The narrower
distribution of feature height (more uniform feature height)
will result in fewer collisions between the transducef‘and
laser texture features, feducing the generation of wear-
causing debris, damage to the transducer, etc.

In general, to those skilled in the art to which this
invention relates, many éhanges in construction and widely
differing embodiments and applications of the present
invention will suggest themselves withéut departing from its
spirit and scope. For example, the present invention has been
described from the perspective of forming laser texture
features in metal lavers. However, there are numerous
disclosures in the art relating to the formation 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 and the sombrgro. However, these shapeé are merely
illustrative, and the present invention is not limited to
formation of laser texture features of any particular cross-
section. 1In 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,

and wheré such sources pose the vroblem of interference or

_—
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produci ng | aser texture features in magnetic hard disk substrate of the
type known in the art. Figs. 2A and 2B are perspective and
cross-sectional views, respectively, of a crater-type |aser texture
feature. Figs. 3A and 3B are perspective and cross-sectional views,
respectively, of a sonbrero-type |aser texture feature. Figs. 4A
through 4D are schematic illustrations of four  enbodi ments of an apparatus
for prqu_%équ%x&'qﬁJ@Ctlon, the present invention may be

employed. Principal other sources include radiation outside

the visible spectrum, such as infrared radiation. Thus, the

disclosures and descriptions herein are illustrative, and are
5 not intended and should not be read to be in any sense

limiting.
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features Tn a magnetic hard di sk substrate, each designed to elimnate

“I into the cavity of the |[aser. Figs. 5A and
Il w Wmu“ IIB lan experiment conparing the |aser texture feature

feedba
5B are

hei ght s *oncdi 5ks® manuf actured by apparatus of the prior art and the

present invention, respectively. As between each of these figures,

i ke reference nunerals shall denote |i ke el enents.

What is claimed is:

1. An apparatus for forming a texture feature on a

generally planar disk substrate of a magnetic disk recording,

- such feature formed by the incidence of a beam of radiation

upon the substrate, comprising:

a focusing lens having a radially central axis:;

a disk substrate receiving apparatus disposed on a first
side of the focusing lens, for receiving and retaining a
generally planar disk.substrate such that the plane of the
disk substrate is approximately perpendicular to the central
axis of the focusing lens;

a radiation beam source for generating a radiation beam
directed at said focusing lens, disposed on a second side of
the focusing lens opposite the first side, and positioned such
that, prior to incidence upon the focusing lens, a radiation
beam generated thereby is in a beam axis approximately
parallel to, but radially offset from the central axis of the
focusing lens, the radiation beam being focusable by the
focusing lens to a spot upon a disk substrate retained by the
disk substrate receiving apparatus; and

a blocking apparatus disposed such that a reflected beam,
comprising any part of the radiation beam reflected by a disk
substrate retained by the disk substrate receiving apparatus,

is blocked from entering the radiation beam source thereby.
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Det ai | ed Description For purposes of illustration, the present
‘invention wll lmﬂmum ma,l of selected enbodinments. It will be
apparent to one sKki 1 u\’ﬂml hat the enbodi ments, and the ,

envi ronment in whicH tHKeytar® devel oped, denonstrate the functionality and

features of the present invention. It will also be apparent that certain ?
vari ations, additions, deletions, nodifications, etc., to the enbodi nents,

al though ot sﬁ@ﬁ‘ﬁﬂﬁ%4§}u§|§€U§§édmﬁeﬁe|HheéFéncéﬁﬁénﬁﬂaFgﬂngnd within
t he scope of one skilled in theng |ven thergiesent di scl osure.

Ther e PEPRLALYS| 15t PBn15f-SeRHBEP 95 notRt aperture

encircling a central radial axis, disposed such that the
radiation beam passes through the aperture, the aperture being
sized such that the radiation beam passes therethrough, but
the reflected beam is incident upon the surface of the iris,
the iris thereby blocking and absorbing the reflected beam and

preventing it from entering the radiation source.

3. Aﬁ apparatus for.forming a texture feature on a
generally planar disk substrate of a magnetic disk recording,
such feature formed by the incidence of a bgam of radiation
upon the substrate, comprising:

a focusing lens having a radially central axis;

a disk substrate receiving apparatus diéposed oﬁ a first
side of the focusing lens, for receiving and retaining a
generally planar disk substrate such that the plane of the
disk substrate is approximately perpendicular to the central
axis of the focusing lens;

a radiation beam source for generating a radiation beam
directed at said focusing lens, disposed on a second side of
the focusing lens opposite the first side, and positioned such
that, prior to incidence upon the focusing lens, a radiation
beam generated thereby is in a beam axis approximately
parallel to, but radially offset from the central axis of the
focusing lens, the radiation beam being focusable by the

focusing lens to a spot upon a disk substrate retained by the
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I ntended as, nor should be read as, limting the scope of the invention

cl ai med herein. Fig. 1is a schenat f an apparatus 10
for creating |aser texture features in e”“u I"]“";uu'ﬂmgt ic recording
di sk. Apparatus 10 consists of a pul sed | aserc 12 "fot ekanple a @ swtched

(pul sed) YAG | aser, which, as well 7
disk substrate receiving apparatus; and
a blocking apparatus disposed on said second side of the
focusing lens such that a reflected beam, comprising any part
of the radiation beam reflected by a disk substrate retained
by the disk sﬁbstrate receiving apparatus, which is focused by
the focusing lens into a reflected beam axis which is parallel

to but offset from the beam axis is blocked from entering the

radiation beam source thereby.

4. The apparatus of claims 3, wherein said blocking
apparatus is an iris plate having a central aperture
encircling a central radial axis, disposed such that said
central radial axis is coaxial with the beam axis so that the:
radiation beam may pass through the aperture prior to being
incident upon the focusing lens, the aperture being sized such
that the radiation beam passes therethrough, but that part of
the reflected beam having ar axis parallel to but radially
offset from the central radial axis is incident upon the
surfﬁce of the iris, the iris théreby blocking and absorbing
the reflected beam and preventiné it from entering the

radiation source.
____—_————-———‘—_—"“—_—_
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known, consists of a |laser cavity 14 bounded by distal mrror 16 and

‘hal f-silvered proximal mrror 18. Laser 12 produces a coherent |aser beam
20, which is directed toward focusing optics (lens or a conbination of

| enses) 22. Optionally, the |aser beam my be attenuated as well known in
the art, for exanple by a neutral density filter 23. Laser beam 20
I's focused by focusing optics 22 to a spot on a surface (referred to as
the target surface 24) of a selected Iayer of magnetic disk 25 retained in

a disk receiving regi T be the surface of the
substrate of magnetic @k%%ﬁ{% e one o?& sev«gral

ABSTRACT

Reflection of a generated radiation beam (e.g., laser)
from a disk substrate during radiation~induced texturing such
that the reflection interferes with thé generated radiation
beam is eliminated as follows: the beam path of the laser beam
'is passed through focusing optics to focus the beam to a spot
on the substrate surface; the beam path is offset from the
center of the focusing optics so that the focusing optics bend
the beam path, and further so that the beam is angled from
normal to the surface of the disk, for example by between 2
ahd 5 degrees; and that portion of the beam reflected by the

| disk sufface is blocked by appropriate means prior to its

impinging upon the source of the generated radiation beam.

This Sheet Has Been Reﬁlaced
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| ayers formed on the substrate, suedyas.d plated NP layer. Beam 20 is

i ncident on target surface 24 app[ﬁiﬁﬁel y perpendicular, or normal, to
the plane of said surface (e.g., EN a_few degrees of 90 degrees).

Mot or - 26 causes magnetic di sk 25Sheerdotiaife,so that as the laser 12 is

pul sed, each pul se o(obeam 20 may be made incident on a different
“circunferential region of\ target surface 24. In addition ¢t rotation,
magneti c disk 25 is translated roughly perpendicular to rﬁe pat h of beam
20, for exanmpleypy a nmotor 28, so that the radial |ocatipn of incidence of

| aser beam 20_op.target asjurface' may be vari ed. The incidence of
| aser beam 2o—en-tar ®ur face ' 2t
o < h ‘ __[_\ — ﬁ_ l A /26
7 .
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generally forms one of two types ot.]aser texture features, as determ ned
'by the paraneters of the |aser and Y4 af ¥ ®ohprising the target surface
24. A first of these representativ&‘ﬁﬁ'et"?ures is referred to as a "crater”,

and is fhee ?d- shown in Fig. 2Ain
perspective and Fig. 2B in cross-section. ater %0 has a raised rim 32, !
whi ch ri ses above the pl ane -of VoA

50 -\l &
n
S ~A g

e

This Sheet Has Been Reﬂlaced :




targét surface 24. The height of the crater-type |laser texture feature is
the height h of the rim 32 above t?e pl ane o} target surface 24. The width
€

of the crater-type laser texture

roughly circular rim 32.

referred to as a "sonbrero" (so-c
this type of hat), and is shown i

Hare GOalis the dianeter d of the

Theyggeord representative feature is
%{Ied,sgn?qﬁin cross section i-t resenbl es
LFRQT~ﬂK in perspective and Fig. 3B in

cross-section. Sonbrero 36 has a raised rim38 as well as a central crown
40, which both generally rise above the plane of target surface 24. The

hei ght of the sonbrero-type
h[err] of the rim 38 or

| aser texture feature is either the height

¢
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t he height h2 of the crown 40, mhl he%%% i gLoreater, above the plane of

target surface 24. The width of th
.is the dianmeter d of the roughly Ef gép
. arrangenent described and shown in fﬁgc 1 4okeads to the di sadvant age

!descrlbed above - nanely, since the angle of reflection wll equal

The prior

''angl e of incidence, beam 21, which is a portion of beam 20, is ref

by the target

focusing optics 22 (inc

| aser

b

cavity 14. The re

rer type | aser texture feature 36

art

t he
| ect ed

surface 24 directly back along the beam s path through the

udi ng attenuator 23) and proxinmal "mrror 18}into

| ect ed coheP@WER|=fstpd (SOMERERO MAX)
LENS OFFSET=CENTER .

40 + NOTE: Ridge Height=19 to 22nm '
s T Sigma/Mean=0.08

FREQUENCY

131-4 1§S18172021222324252627282930313233
CENTER BUMP HEIGHT IN nm

H‘ﬁ. 5A

.POWER = 6.8uJd (SOMBRERQO MAX)
LENS OFFSET=t.5mm

:2 [NGTE: Ridge-Height=14 to 17nm

35 ¢+
30
25 |
20 +

LR

10

Sigma/Mean=0.04

0 S B A A : - S A A
15 17 19 21 23 25 28 30 32 34
CENTER BUMP HEIGHT IN nm
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light interferes with the lasing and Q swi tching processesmef—laser 12,

and* subsequent | aser pul ses have peak and nmean power ‘hEPLACEME
«9 “fluctuations, variations in |aser node, and the systens '

| erigth varies. The net result is nonudiformty in the shape gd he
the | aser texture features. Fig. 4A details one enbddijme EEB

pr esent

T

i ght
o997 h

L

LASER DISK TEXTURING APPARATUS

The present invention relates to the field of magnetic
disk maqufacturing, and more particularly to an apparatus for
creating ‘a desired surface texture on selected regions of a
magnetic recoxrding 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 ana 5,108,781
to Ranjan et al., and published European Patent Application
number 94308034.1.

As is known from these references, the output beam of a
pulsed laser is focused onto the surface of one léyer of a
magnetic disk with sufficient intensity to locally melt a
portion of that layer and/or sublayers. When the laser power
is sufficiently attenuated, the melted region resolidifies,
leaving a geometric variation (referred to herein as a laser
texture feature) in the surface topography of the targeted
layer or sublayers. The physical characteristics of the laser
texture features are a function of laser pulse width, spot

size and shape, and spot energy.
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invention which is designed to elimnate feedback of |gsee Eﬂﬂ?,l
| astr cavity 14. The conponents of this enbodi nent are esggﬂgla Fygé

~sane as that of the prior art apparatus described andfshown in Fig. 1

However, in this enbodiment, the path_&f_ |aser beam 20 ils 2BfRER 997 af i
to the center |ine C of the focusing |lens by a distan¢e{A, for exanpl é

=

mm This offset results in the | aser beam 20 striking the target surfac
24 at a slight angle, such as approximately between 2<and.5 degrees. -
As in the prior art apparatus descri bed above, sone of [|aser beam 20 is
refl ected by thaosar getmeniyyacehéde Faser texmuregfeniresfdmsetdidheequal s
the angl e of incidence, the

craters or bumps ("sombreros") formed in a planar, specular

LY P2 i

nickel phosphorous (NiP) layer on an aluminum substrate (in
the case of the aforementioned published European Patent
Application, such features are formed directly on the surface
of a glass substrate). The rims of the craters or tops of the
‘bumps rise above the plane of the surface of the layer in
which they are fofmed. Subsequent layers deposiﬁed on the
layer ha&ing the laser texture features carry forward the
laser texture features so that the finished multi-layered
magnetic disk has approximately thQse same laser texture
features (e.g., shape, depth/height, density, etc.) in its
outermost layer.

A magnetic disk having variation in its surface
topography formed by laser melting and resélidification is
referred to herein as a laser textured disk. As well known, a
magnetic disk having a smooth, specular surface is preferred
-in the art to permit a transducer to ride as close to the disk
surface as possible. Therefore, particular attention has been
paid to processes for forming laser texture features in a
special landing or CSS zone of the disk, for example as taught
by Sugiyama in published Japanese patent applicaﬁion number 4-
139621.

One important criterion for laser textured disks is that
the fluctuation in height of the laser texture features be
very small (i.e., that the features be as close to the same

height from the magnetic disk surface as possible). If the



REPLACEME
reflected beam 21 is not along the path of beam 20, but divgr MENT SHEET

angl e away from beam 20. Focusing optics 22 'bends the path pf] beam 21 so
‘that it is parallel to but spaced apart fromthe path of b 2 8b§EB 1997
di stance S, equal to twice the value ofg3 A, for exanmple 3

According to the enbodi ment 50 shown i Frg. 4A, a blocking apparatus or
plate 52 is positioned in the path of beam 21 which serves 'staply—to-hlack _

and absorb any part of the reflected beam preventing the reflected beam
from entering the |aser cavity or otherw se affecting the system
Accor di ng theidhts efbodrtenh, feabukesgargparediexr Thars othgds, those
taller features will essentially appear as asperities with
which a transducer will collide during operation, resulting in
degradation of performance.

In typical laser texturing apparatus known in the art,
the laser beam creating the laser texture features impinges
the disk surface normal to that surface. As will belfurther
detailed below, we have discovered that this leads to a
reflectién of coherent laser light from the disk surface back
into the laser’s cavity, which causes: (a) the laser’s output
energy to fluctuate (affecting the uniformity of attributes of

| the laser texture feature such as height and shape); (b)
‘instability of the laser’s mode (distorting the focus of the
laser spot on the disk surface); and (c) instability in the
optical focal length (affecting the power of the spot on the
disk surface). In addition, this reflection can alter, in an
uncontrolled manmer, the average parameters of the beam. The
net result is nonuniformity of the height and shape of the

. laser texture features produced by such an apparatus.

It is an object of the present invention to improve the
laser texture featufe uniformity and reproducibility by
eliminating the reflection of coherent laser light from the

disk surface back into the laser cavity.

Summary of the Invention
The present invention is an apparatus for creating laser

texture features in a magnetic recording disk designed to
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10 a netal plate | ocated on the sane side of the focusfHig optits 23 a

| aser-12. According to a variation on this enbodinent, bl

OC ki p. atius
52 is a netal plate |ocated on the sane .side of the foclus ngsggggcis%% as

magnetic disk 25, as shown in Fig. 4C 4 Al ternati vel
t he enbodi nent 54 shown in

L accaordinao +o
-’1 vvvvv AT r‘lg LY

overcome the problems of reflection and feedback of the

feature-forming coherent laser light into the laser cavity.-

Eliminating the feedback of coherent laser light results in

elimination of feedback-induced power variation of the laser.

Elimination of this power variation results in an increase

features.

in

an improvement in uniformity of the height and shape of such

According to the present invention, elimination of the

feedback of laser light into the laser cavity is accomplished

as follows:
the beam path of the laser beam is passed through

focusing optics to focus the beam to a spot on the disk

surface;

the beam path is radially offset from the radial center

of the focusing optics so that the focusing optics bend the

beam path, and further so that the beam is angled from normal

to the surface of the disk, for example by between 2 and 5

degrees; and

that portion of the beam reflected by the disk surface is

blocked by appropriate means prior to its entering the las

cavity.

The magnetic disk typically comprises an aluminum .

exr

substrate onto which numerous layers are formed. A first such

layer is comprised of nickel phosphate plated onto the

substrate. According to one embodiment of the present

invention, the laser energy is focused on the surface of the

plated nickel phosphate layer, and the laser texture features



Fig. 4B, beam 20 passes through the aperture in an iris gl REBLACEMENTI SHEETS
| ocated on the sane side of the focusing optics 22 as | dsqr—t2—Fhe—radi us
:of the aperture is large enough to |et beam 20 pass therethrﬁaagﬁ "
unaffected, but small enough to block_I&am 21 on its retfurn % ?ﬂ%
| aser 12. According to a variation on this enbodi ment, ijrils—plate B6 s
| ocated on the sane side of the focusing optics 22 as nggnetic disk 25,
as shown in Fig. 4D In each of these enbodi nents, the—=axt+s—of—the
path P of beam 20 was at an angle a of approximately 90 degrees rel ative
~to the plangrd pérhed i tHe il e nibied phokphaty Deysali Récofd@iwy &b,
according to the requirenents of particul ar

another embodiment, the laser energy is focused on the surface

of the aluminum substrate itself, and the laser ﬁexture
features are formed in the aluminum substrate.

Subsequent to forming the laser texture features,
additional layefs are formed on the substrate, such as layers
of magnetic material and layérs of hard and corrosion
resistant protective material. These subsequent layers
depositeé on the layer having the laser texture features carry
forward the laser texture features so that the finished multi-
layered magnetic disk has approximately those same laser
texture features (e.g., shape, depth/height, density, etc.) in

its outermost layer.

Brief Description of the Drawings

The present invention will be described in-greater detail
below, including specific examples thereof, with regard to the
figures, in which:

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

Figs. 2A and 2B are perspective and cross-secﬁional
views, respectively, of a crater-type laser texture feature.

Figs. 3A and 3B are perspective and cross-sectional
views, respectively, of a sombrero-type laser téxture feature.

Figs. 4A through 4D are schematic illustrations of four

embodiments of an apparatus for producing laser texture



applications of the present invention. W have pellf BEREQERENTNGHEET of

experinents to verify the advantages of the present iInyefTiom TN THeSE
experinments, a Qswtched YLF |aser, npdel 7960-L4-E (20 03%% ﬁgﬁg%é?,

manuf act ured by Spectra- Physics Lasers~&ac. of Muntainf Yi € S
operated at a pulse energy of 6.8 [err]Joules. (OQher Ja

~—SUC
as YAG |l asers are equally useful.) The 2 mm | aser beamiwas passed throug

- )

a neutral density filter (attenuator) and a 7 nm focusingtens—of—focat
| ength 30 mm _

* features in a magnetic hard disk substrate, each designed to
eliminate feedback of laser light into the cavity of the
laser. |

Figs. 5A and 5B are histograms from an experiment
comparing the laser texture feature heights on disks
manufactured by apparatus of the prior art and the present
invention, respectively.

As between each of these figures, like reference numerals

shall deﬁote like elements.

Detailed Description

For purposes of illustration, the present invention wili
be described by way of selected embodiments. It will be
apparent to one skilled in:thé-art that the émbodiments, and
the environment in which they are developed, demonstrate the
functionality and features of the present invention. It will
also be apparent that certain variations, additions,
deletions, modifications, etc., to the embodiments, although
not specifically discussed herein, are'contemplated and within
the séope of one skilled in the art given the present
disclosure. 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 of an 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) YAG laser, which, as well



11 The | aser was pul sed at 10Khz. In a first E@yﬁr

| aser beam was roughly centered on the focusing |lens, |a pﬁghg ', ﬁ%
i'nci dent on the planar surface of a NiP layer plated gn Jan al um num
substrate. Many nominally identical |asel_texture featurds 28cFEBf997ed,

and a statistical neasure of those features was made (jagproxi mately 1Q0
randomy chosen | aser texture features were neasured).

known, consists of a laser cavity 14 bounded by distal mirror
16 and half-silvered proximal mirror 18. Laser 12 produces a
coherent laser beam 20, which is directed toward focusing
optics (lens or a combination of lenses) 22. Optionally, the
laser beam may be attenuated as well known in the art, for
example by a neutral density filter 23.

Laser beam 20 is focused by focusing optics 22 to a spot
on a suriface (referred to as the target surface 24) of a
selected.layer of magnetic disk 25 retained in a disk
receiving region 29. Target surface 24 may be the surface of
the substrate of magnetic disk 25 or may be one of several
layers formed on the substrate, such as a plated NiP layer.
Beam 20 is incident on target surface 24 approximately
perpendicular, or n&rmal, to the plane of séid surface (e.g.,
within a few degrees of 90 degrees). Motor 26 causes magnetic
disk 25 to rotate, so that 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 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.

The incidence of laser beam 20 on ﬁarget surface 24
generally forms one of two types of laser texture features, as
determined by the parameters of the laser and méterial
comprising the target surface 24. A first of these

~representative features is referred to as a “crater”, and is
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In a second experinment, the |aser beam was of fset §frpmr—tte~tenter of the
facusing lens by 1.5 mm It was passed through anfi e 1incident

[i'S),
on the NP layer's planar surface at an angl e of apor?xq ﬁg‘ée@(ibetween 2
and 5 degrees. The laser light was regl ected fromthe.substrate-surface at

approxi mately the angle of incidence and passed th“oUgh t he focusiqb | ens,
whi ch brought the reflected beams path roughly p: m pat h

exiting laser, but offset approximately 3 mm The opening in the iris was
set so thagy ] oexed If‘sg; ;beagha Bigt hbs DRI Bfosdosédtidmny
| aser text%?%h%egéures'd%?gi¥§%%e ngﬁd a statigtical measur e

Crater 30 has a raised rim 32, which rises above the plane of

target surface 24. The height of the crater-type laser
texture feature is the height h of the rim 32 above the plane
of target surface 24. The width of the crater-type laser
texture feature 30 is the diameter d of the roughly circular
rim 32.

The seéond representative feature is referred to as a
“sombreré” (so-called since in cross section it resembles this
type of hat), and is shown in Fig. 3A in perspective and Fig.
3B 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 height of the sombrero-type
laser texture feature is either the height hl-of the rim 38 or
the height h, of the crown 40, whichever is greater, above the
plane of target surface 24. The width of the sombrero-type
laser textﬁre feature 36 is the diameter d of the roughly
circular rim 38.

The prior art arrangement described and shown in Fig. 1
leads to the disadvantage described above - namély, since the
angle of reflection will equal the angle of incidence, beam
21, which is a portion of beam 20, is reflécted by the target
surface 24 directly back along the beam's path through the
focusing optics 22_(inc1uding attenuator 23) and proximal
mirror 18 into laser cavity 14. The reflected coherent laser
light interferes with the lasing and Q-switching processes of

laser 12, and subsequent laser pulses have peak and mean power



of those features was nmade (approximately 100 randomy chosen | aser

texture features were neasured). Table 1 summarizeg Rbm ACRMthY SqifeT
the statistical neasures of these two experinents. In bt

| aser texture features of the sonbrero type were forned.
12 “Experi nment O f set Mean~ M n Max S
Mean

fluctuations, variations in laser mode, and the system’s
optical focal length varies. The net result is nonuniformity
in the shape and height of the laser texture features.

Fig. 4A details one embodiment 50 of the present
invention which is designed to eliminate feedback of laser
light into laser cavity 14. The components of this embodiment’
are essentially the same as that of the prior art apparatus
described and shown in Fig. 1. However, in this embodiment,
the'path of laser beam 20 is offset relative to the center
line C of the focusing lens by a distance A, for example 1.5
mm. This offset results in the laser beam 20 striking the
target surface 24 at a slight angle, such as approximately
between 2 and 5 degrees.

As in the prior art apparatus described above, some of
lasér beam 20 is reflected by the target surface 24. Since
the angle of reflection equals the angle of incidence, the
reflected beam 21 is not along the path of beam 20, but
diverges at an angle away from beam 20. Focusing optics 22
bends the path of beam 21 so that it is parallel to but spaced
apart from the path of beam 20 by a distance S, equal to twice’
the value of A, for example 3 mm.

According to the embodiment 50 shown in Fig. 4a, a
blocking apparatus or plate 52 is positioned in the path of
beam 21 which serves simply to block and absorb any part of
the reflected beam, preventing the reflected beam from _
entering the laser cavity or otherwise affecting the system.

-According to this embodiment, blocking apparatus 52 is simply



1 0 Height 22.9 17.2 27.3 1.8 0. 08 REPLACEMENT SHEET
(centered) (nm Wdth 20.3 9. 217 O

‘0. 02 ([err]m 2 1.5 ' 3} P1.
26.8 0.9 0.04 (nm 10 warh |1 £8¥ER %7 3}
0.3 0.02 ([err]m - Table—L A5 tan
be seen from Table 1, when the | aser was centered on}the focusing lensjin
experinment 1, the laser texture features varied in hei nm

and 27.3 n
. of the

m with a standard deviation of 1.8 nm Changing only the 6ffset

lasel fRlaAl P18 te0O1bRELEACHA Ple! SMFe HUL MPMHIFIMing optics

22 as iaser 12. According to a variation on this embodiment,
blocking apparatus 52 is a metal plate located on the same
side of the focusing oﬁtics 22 as magnetic disk 25, as shown
in Fig. 4C.

Alternétively, according to the embodiment 54 shown in
Fig. 4B, beam 20 passes through the aperture in an iris plate
56 which is located on the same side of the focusing optics 22
as laser‘12. The rédius of the aperture is large enough to
leﬁ beaﬁ 20 pass therethrough unaffected, but small enough to
block beam 21 on its return toward ﬁhe laser 12. According to
a variation on this embodiment, iris plate 56 is located on
the same side of the focusing optics 22 as magnetic disk 25,
as shown in Fig. 4D.

In each of these embodiments, the axis of the path P of
beam 20 was at an angle o of approximately 90 degrees relative
to the plane T of target surface 24. This angle may be varied
however, according to the requirements of particular
applications of the present invention.

Wé have performed a number of experiments to verify the
advantages of the present invention. In these experiments, a
Q-switched YLF laser, model 7960-L4-E (2000mW, Nd:YLF),
manufactured by Spectra-Physics Lasers, Inc. of Mountain View,
CA was operated at a pulse energy of 6.8 pJoules. (Other
laser sources, such as YAG lasers are equally useful.) The 2
mm laser beam was passed through a.neutral density filter

(attenuator) and a 7 mm focusing lens of focal length 30 mm.



reflected | aser beam ‘the variation in |aser texture featjun iR |
experinment 2 narrowed to between 21.7 nmand 26.8 nm w FEPLACEMENT SHEET
deviation of 0.9 nm Conparing the standard deviation di Vi ded by the ngarn
for these two experinments gives the rdllative effect of thd r38uEb8 1997
standard deviation, a fifty percent relative inprovenentf ijn_feature
hei ght uniformty. Figs. 5A and 5B illustrates the fresults of
additional runs of the these experinents. Fig. BAis a :
of | aser texture features (frequency) plotted against feature height

(Center Bunp Height) for features fabricated by a prior art apparatus of
"the type deEhei brerarivns mwsed at ¢.0khz.

In a first experiment, the laser beam was roughly

centered on the focusing lens, and roughly normally incident
on the planar surface of a NiP layer plated on an aluminum
substrate. Many nominally identical laser texture features
were formed, and a statistical measure of those features was
made (approximately 100 randomly chosen laser texture features
were measured). |

In a second expériment; the laser beam was offset froﬁ
the center of the focusing lens by 1.5 mm. It was passed
through an iris, and made incident on the NiP layer's planar
surface at an angle of approximately between 2 and 5 degrees.
The laser light was reflected from the substra;e surface at
approximately the angle of incidence and passed through the
focusing lens, which brought the reflected beam's path roughly
parallel to the beam path.exiting laser, but offset
approximately 3 mm. The opening in the iris was set so that
it blocked the reflected beam’s at this point. Again, many
laser texture features were formed, and a statistical measure
of those features was made (approximately 100 randomly chosen
laser texture features were measured).

Table 1 summarizes the results of the statistical
measures of these two experiments. In both experiments, laser

texture features of the sombrero type were formed.



1. Fig. 5Bis a simlar plot for features fabricated bJ
I nvention of the type shown
in Fig. 4. As can be graphically seen,

according to the present

13

the di stri

i's nmuch narrower for the features fabricaed by the

the present invention.
uni form feature hei ght)

The narr ower

RPLAGFHANT GHEET

appdr atus acco

distribution of f

Experiment

Offset

Mean | Min | Max | Sigma | Sigma/
Numbex Mean
1 0 Height | 22.9 | 17.2 | 27.3 1.8 0.08
(centered) {(nm)
wWidth | 20.3 | 19.5 | 21.4 0.4 0.02
(1m)
2 1.5 mm Height | 23.3 | 21.7 | 26.8 0.9 0.04
(nm)
width 19.6 | 19.0 | 20.3 0.3 0.02
(im)
Table 1

As can be seen from Table 1, when the laser was centered
on the focusing lens in experiment 1, the laser texture
features varied in height between 17.2 nm and 27.3 nm, with a
standard deviation of 1.8 nm. Changing only the offset of the
laser relative to the focusing lens, aﬁd blocking the
reflected laser beam, the variation in.laser texture feature
height in experiment 2 narrowed to between 21.7 nm and 26.8
nﬁ, with a standard deviation of 0.9 nm. Comparing the
standard deviation divided by the mean for these two
experiments gives the relative effect of the reduced standard
deviation, a fifty percent relative improvement in feature
height uniformity.

Figs. 5A and 5B illustrates the results of additional

runs of the these experiments. Fig. 5A is a plot of the

number of laser texture features (frequency) plotted against
feature height (Center Bump Heighﬁ) for features fabricated by
a prior art apparatus of the type described and shown in Fig.
1. Fig. 5B is a similar plot for features fabricated by an

apparatus according to the present invention of the type shown
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will result in fewer collisions between the transducer andA REPEACERENT lg;‘;gg_:]'
features, reducing the generation of wear- causing debris| garage—to—the-;

transducer, etc. In general, to those skilled in thefaft _to mhi%@
this invention relates, many changes i d3construction and Wi deﬂﬁ F&Br 1987 g
enbodi nents and applications of the present invention wl uggest

t hensel ves without departing fromits spirit and scope. Fpr exanple, the
present invention has been described fromthe perspecti velefforrg—taser
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texture features in netal layers. However, there are nunerous discl osures
.in the art relating,to the formation of |aser . .
in %&g.g4. &s can be graphicaff& seen, the distribution of

heights is much narrower for the features fabricated by the
apparatus according to the present invention. The narrower
distribution of feature height (more uniform feature height)
will result in fewer collisions between the trahsducer and
laser texture features, reducing the generation of wear-
causing debris, damage to the transducer, etc.

In general, to those skilled in the art to which this
inventioﬁ 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-exaﬁple, the'present invention has been
described from the perspective of forming laser texture
features in metal layers. However, there are numerous
disclosures in the art relaﬁing to the formation 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 and the sombrero. However, these shapes are merely
illustrative, and the present invention is not limited to
formation of laser texture features of any particular cross-
section. In addition, a laser has exémplified the radiation
source used to form the texture features. However, other
sources of radiation may be employed to form texture features,

and where such sources pose the problem of interference or




texture features in nonnetallic materials, such as glass, which would
benéfit fromthe teachings of the present invention. l REPLEMENMMET NDEE; |
the present invention has been described in terns of t -CONADA--61-B855 |
sections of laser texture feature - thejgrater and theg sjonbrero. Howeueri,
these shapes are nmerely illustrative, and the present | nved® bhBi¥%hot! |
limited to formation of laser texture features of any jparticul ar crosg- !
section. In addition, a laser has exenplified the radiation source usedito
formthe texture features. However, other sources of rladiati
.enployed to formtexture features, and where such sources pose the probl em
of interference or :

attenuation upon reflection, the present invention may be

employed. Principal 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.
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descri ptions herei i af'e fllUstrative, antisare not intended and shoul d Qof
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What is claimed is:
1. An apparatus for forming a texture feature on a

generally planar disk substrate of a magnetic disk recording,
such feature formed by the incidence of a beam of radiation
upon the substrate, comprising:

a focusing lens having a radially central axis;

a disk substrate receiving apparatus disposed on a first
side of the focusing lens, for receiving and retaining a
generallf planar disk substrate such that the plane of the
disk substrate is approximately perpendicular to the central
axis of the focusing lens;

a radiation beam source for generating a radiation beam
directed at said focusing lens, disposed on a second side of
the focusing lens opposite the first side, and positioned such
that, prior to incidence upon the focusing lens, a radiation
beam generated thereby is in a beam axis approximately
parallel to, but radially offset from the central axis of the
focusing lens, the radiation beam being focusable by the
focusing lens to a spot upon a disk substrate ;etained by the
disk substrate receiving aéparatus; and

a blocking apparatus disposed such that a reflected beam,
comprising any part of the radiation beam reflected by a disk
substrate retained by the disk substrate receiving apparatus,

is blocked from entering the radiation beam source thereby.

I‘hls Sheet Has Been Re laced
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limting. What is clained is: 1. An a gﬁsﬁynsugg
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radi ati on updn tthetsubsttat’e, -conpri si_d§. .
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2. The apparatus of claims 1, wherein said blocking
apparatus is an iris plate having a central aperture
encircling a central radial axis, disposed such that the
radiation béam passes through the aperture, the aperture being
sized such that the radiation beam passes therethrough, but
the reflected beam is incident upon the surface of the iris,
the iris theréby bldcking and absorbing the reflected beam and

preventing it from entering the radiation source.

3. An apparatus for forming a texture feature on a
generally planar disk substrate of a magnetic disk recording,
such feature formed by the incidence of a beam of radiation
upon the substrate, comprising:

a focusing lens having a radially central axis;

a disk substrate receiving apparatus disposed on a first
side of the focusing lens, for receiving and retaining a
generally planar disk substrate such that the plane of the
disk substrate is approximately perpendicular to the central
axis of the focusing lens;

a radiation beam source for generating a radiation beam
directed at said focusing lens, disposed on a second side of
the focusing lens opposite the first side, and positioned such
that, prior to incidence upon the focusing lens, a radiation
beam generated thereby is in a beam axis approximately
parallel to, but radially offset from the central éxis of the
focusing lens, the radiation beam being focusable by the

focusing lens to a spot upon a disk substrate retained by the

is Sheet Has Been RTl laced
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a focusing lens having a radially central axis; a
recei ving ap na first side of the fodg
recei vi ng anﬂmmm"(r“mg“ﬂﬁmﬁeral |y planar disk substrg
pl ane of the disK sibstrate 1s approxi maffely perpendi cul

axi s of the focusing |ens; a radi ati on beam source
radi ation beamdirected at said focusing | ens, disposed
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on a second side

of the focusing | ens opposite the first side, and posit
prior to incidence upon the focusing lens, a radiation
-thereby is in a beam axi s

disk substrate receiving apparatus; and

a blocking apparatus disposed on said se
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beam gener at ed

cond side of the

focusing lens such that a reflected beam, comprising any part

of the radiation beam reflected by a disk substrate retained

by the disk substrate receiving apparatus, which is focused by

the focusing lens into a reflected beam axis which is parallel

to but offset from the beam axis is blocked from entering the

radiation beam source thereby.

4. The apparatus of claims 3, wherein

said blocking

apparatus is an iris plate having a central aperture

encircling a central radial axis, disposed such that said

central radial axis is coaxial with the beam

axis so that the

radiation beam may pass through the aperture prior to being

incident upon the focusing lens, the aperture

being sized such

that the radiation beam passes therethrough, but that part of

the reflected beam having'an axis parallel to

but radially

offset from the central radial axis is incident upon the

surface of the iris, the iris thereby blocking and absorbing

the reflected beam and preventing it from ent

radiation source.
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approxinmately parallel to, but radlally of fset fromthe c¢namaMCEME§:d%WET ;
the focusing lens, the radi ati on beam being focusable by thT—fUCU§Vﬁg”r§ﬁ$
t'o a spot upon a disk substrate retai ned by the disk substirat g?é%ﬁgé
apparatus; and a bl ocki ng appar at uggdi sposed such t hat fl ﬂg
beam conprising any part of the radi aton beamrefl ected ibyt.a disk
substrate retained by the disk substrate receiving apparatjus, is bl ocked _J
fromentering the radiation beam source thereby.

LASER DISK TEXTURING APPARATUS

ABSTRACT

Reflection of a generated radiation beam (e.g., laser)
from a disk substrate during radiation-induced texturing such
that the reflection interferes with the generated radiation
beam is eliminated as follows: the beam path of the laser beam
is passed through focusing optics to focus the beam to a spot
on the substrate surface; the beam path is offset from the
center of the focusing optics so that the focusing optics bend

. the beam path, and further so that the beam is angled from
| normal to the surface of the disk, for example by between 2
and 5 degrees; and.that poftion of the beam reflected by the
disk surface is blocked by appropriate means prior to its

impinging upon the source of the generated radiation beam.

This Sheet Has Been R,
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apparatus is an iris plate having-aicentral aperture ercﬁﬁBLAGﬁMEﬁ*c%ﬁﬁﬁkﬂ

- radi al axis, disposed such that the Tradiation beam pasqdeq t hrough t he

. aperture, the aperture being sized such that the radiatf gn anngap?ps
surface of tf
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absorbing the reflected beamand preventing it from entering the radiati.g

sour ce. 3. An apparatus for formng a texture fepERINEEDENR SHEET
general ly planar disk substrate of a magnetic recordi ng{ eiskr—steh-f uf
formed by the incidence of a beamof radiation upon the substrate, !
conpri si ng: a focusing lens having a radially central 8 ;B‘7997 ia
di sk substrate receiving apparatus disébsed on a firstjsiide of the i
focusing lens, for receiving and retairning a generallyiplanar disk

substrate such that the plane of the disk substrate is ‘'epprex-rately
per pendi cul ar
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to the central axis of t
genérating a radiation

second side of the focusing | ens opposite the first side
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- 17 - focusabl e by the focusing lens to a spot upon & %&”‘.‘Z“"ﬁﬁﬁ‘%ﬁﬁj‘ﬁﬁ ;
retained by the disk substrate receiving apparatus; and a bl ocki ng

appar at us di sposed on said second side of the focusing | ens 2ARKFERI7a

reflected beam conprising any part of the radiation beamfeflected by a

e et rmOnnar el

i
1

di sk substrate retained by the disk substrate receiving |apparatus, WhicCh 5

is focused by the focusing lens into a4

FREQUENCY

FREQUENCY
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reflected beam axis which is paraIIeI fo'bht of fset from the beamaxis is_
bY ocked from entering the radiation:beam soirce thereby. Viellgliiy ]
apparatus of elainms 3, wherein said blocklng apparatus is an iris plate

haV|ngﬁ}+ﬁﬁﬁ+f&—fﬁﬁﬁ+twe~ encircling a central radial axis, disposed such
t hat sai ‘axis is coaxLgsd .Wth the beam axi s so that the
radi at i luﬂ I hrough the aperture prior to being incident upon

t he foc grture being sized such that the radiation beam
passes therethrough but that part of the reflected beam having an axis

paral | el tﬁhat is claimed is:

1. An apparatus'for forming a texture feature on a

generally planar disk substrate of a magnetic recording

disk, such feature formed by the incidence of a beam of
radiation upon the substrate, comprising:

a focusing lens having a radially central axis;

a disk substrate receiving apparatus disposed on a
first side of the fbcusing lens, for receiving and
retaining a generally planar disk substrate such that the
plane of the disk substrate is approximately perpendicular
to the central axis of the focusing lens; |

a radiation beam source for generating a radiation
beam directed at said focusing lens, disposed on a second
side of the focusing lens opposite the first side, and
positioned such that, prior to incidence upon the focusing
lens, a radiation beam generated thereby is in a beam axis
approximately parallel to, but radially offset from the -
‘central axis of the focusing lens, the radiation beam being
focusablé by the focusing lens to a spot upon a disk
substrate retained by the disk substrate receiving
apparatus; and

a blocking apparatus disposed such\tﬁat a reflected
beam, comprising any part of the radiation beam reflected
bf a disk substrate retained by the disk substrate

receiving apparatus, is blocked from entering the radiation

beam source thereby. REPLACENE%H‘SHEETS SG
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but radially offset fromt S AN g axi & [T nci dent. upo . _
~Surface of the itis, the ||r| mn rI H[Iﬂ II ki ngland @gsﬁﬂbﬂﬂ thejrefl ected
beam and preventing it fromenteri ng she+radi atyi gn sour ce.
- 18 - . 5. An apparatus for formng at eature on
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2. Tha apparatus of claiﬁs 1, wherein said blocking
apparatus is an iris plate having a central aperture
encircling a central radial axis, disposed such that the
radiation beam passes through the aperture, the aperture
being sized such that the radiation beam passes
therethrough, but the reflected beam is incident upon the
surface of the iris, the iris Lthereby blocking and
absorbing the refieéted beam and preventing it from

entering the radiation source.

3. An apparatus for forming a texture feature on a

generally planar disk substrate of a magnetic recording

disk, such feature formed by the incidence of a beam of
radiation upon the substrate, comprising:

a focusing leds having a radially central axis;

a disk substrate receiving appa;&tus disposed on a
first side of the focusing lens, for receiving and
retaining a generally planar disk substrate such that the
plane of the disk substrate is approximatély perpendicular
to the central axis of the focusing lens; -

a radiation beam source for generating a radiation
beam directed at said focusing lens, disposéd on a second
side of the focusing lens opposite the first side, and
positioned such that, prior to incidence upon the focusing
lens, a radiation beam generated thereby is in a beam axis
approximately parallel to, but radially offset from the

central axis of the focusing lens, the radiation beam being



general |y planar disk substrate of a magnetic recording disk, such feature

formed by the incidence of a beamof radiation u ,
conprising: . a focusing lens; *a disk sﬁ“ﬂlﬂ”“&“‘&ﬂ“ﬁﬂﬁg

appar atus di sposed on a first side of the focusing | &nst f%r %edeiving and
retaining a generally planar disk subsjAfgex a radiation beam source
for generating a radiation beamdirected at said focusing | ens, disposed
on a second side of the focusing | ens opposite the first side, and
positioned with respect to the magnetic recording disk such that the

radi ati on beam generated thereby strikes the

focusable by the focusing lans to a spdt upon a disk
substrate retained by the disk substrate receilving
apparatus; and

2 blocking apparatus disposed on said second side of
the fbcusing lens such that a reflected beam, comprising
any part of the radiation beam reflected by a disk
substrate retained by the disk substrate receiving
apparatus, which is focused by the focusing lens into a
reflected beam axis which is parallel to but offset from
the beam axis is blockeéd from entering the radiation beam

‘source thereby.

4. The apparatus of claims 3, wherein said blocking
apparatus is an iris plate having a central apefture
encircling a central radial axis. disposed such that said
central radial axis is coaxial with the beam axis so that
the radiation beam may pass through the aperture prior to
being incident upon the focusing lens, the aperture being
sized such that the radiation beam passes therethrough, but
that part of the reflected beam having an axis parallel to
but radially offset from the central radial axis is
incident upon the surface of the iris, the iris thereby
blocking and absorbing the reflected beam and preventing it

from entering the radiation source.




magnetic recording disk at an angle such'that a reflected lmﬂmum:lmuuﬂ "’
‘by the magnetic recording disk surface is reflected al ong

fromthe radiati on beam and a bl ocki ng apparat us di sposed“sulh that
the reflected . beamis blocked fromentering the radiati on beam source
t her eby. -18 -

5. An apparatus for forming a texture feature on a

generally planar disk éubstrate of a magnetic recording
disk, such feature formed by the incidence of a beam of
radiation upon the substrate, comprising:

a focusing lens; |

a disk substrate receiving apparatus disposed on a
first side of the focusing'lens, for receiving and
retaining a generally planar disk substrate;

a radiation beam source for generating a radiation
beam directed at said focusing lens, disposed on a second
side of the focusing lens opposite the first side, and
positioned with respect to the magnetic recording disk such
that the radiation beam generated thereby strikes the
magnetic recording disk at an angle such that a reflected
beam reflected by the magnetic recording disk surface is
reflected along a different path from the radiation beam;
and |

a blocking apparatus disposed such that the reflected
beam is blocked from_entering the radiation beam source

thereby.
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LASER DISK TEXTURING APPARATUS
ABSTRACT

Reflection.of a generated radiation beam (e.g., laser)
from a disk substrate during radiation-induced texturing such
that the reflection interferes with the generated radiation
beam is eiiminated as follows: the beam path of the laser beam
is passed through focusing optics to focus the beam to a spot
on the substrate surface; the beam path is offset from the
center of the focusing optics so that the focusing optics bend
the beam path, and further so that the beam is angled from
normal to the surface of the disk, for example by between 2
and 5 degrees; and that portion of the beam reflected by the
disk surface is blocked by appropriate means prior to its

impinging upon the source of the generated radiation beam.

FIG. 4B
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