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" The NiP alloy layer is then polished.
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- Patterned Laser Zone Texture

BACKGROUND OF THE INVENTION |

This invention relates to methods for laser teicturing magnetic disks and the

resulting disks.

It is known in the art to manufacture magnetic disks using the following method.
First, a NiP alloy layer is electroless plated' onto an Al alloy substrate. This NiP
alloy is hard, and prevents the disk from being dented if it subsequently strikes a
read-write head during use.

The NiP alloy layer is then.laser textured at a region of the disk known as the
contact-start-stop, or éSS, zone. This zone is where # reqd-wn'te head rests when
the disk is not in use. Of iﬁlportance, laser texturing reduces static friction |
(“stictién”) and dynamic friction between the magnetic disk and the read-write

head when the disk drive is turned on or off. Reducing stiction and friction is

important for incre'a's:ing the useful life of the magnetic disk.

An underlayer (e.g. Cr or NiP), a magnetic Co alloy, and a protective overcoat

(e.g. zirconia or hydrogenated carbon) are then sputtered, in that order, onto the

laser textured NiP layer.

A lubricant is then applied to the protective overcoat.
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After fabrication, the disk is incorporated into a hard disk drive.
The laser texture is applied to the disk by applying laser pulses to the NiP alloy

layer while the substrate is spinning. The laser pulses result in the formation of laser

bumps, which can be either “ridge-shaped” or “sombrero-shaped,” depending on various

factors such as the laser pulse parameters. (Ridge and sombrero-shéped bumps are

discussed, for example, In U.S. Patent 5,741,560, issued to Ross, incorporated herein by

- reference.)

The bumps are typically arranged in a spiral pattern on the CSS zone of the disk
sﬁrface. When the disk drive is off, the read-write head rests on the laser bumps in the
CSS zone. When the disk drive is first turned on, the read-write head drags across the
surface of the CSS zone until the disk is spinning fé.st enough to create an air bearing for
the head to “ y’ on. The laser bumps reduce static and dynamic friction between the
read-write head and the disk during this process. When the disk drive is turned off, the

read-write head is positioned over the CSS zone, and the disk rotation decelerates until

the read-write head comes into contact with the CSS zone. Eventually, the read-write

head comes to rest on the CSS zone when the disk stops spinning.

Rega'rdless of which shape laser texture bumps are used, if the bumps are spaced |
at a constant distance, the bumps may cé,use the read-write head to vibrate when the head
takes off and lands. If the read-write head is'caus.ed to vibrate at a natural resonant
frequehcy of the read-write head mechanism, these vibrations may be exacerbated. There
are several parts of the read-write mechanism that have their own natural resonant
frequency. For example, the air bearing itself may have a natural resonant frequency at

about 100 KHz. The slider body for a glide head having a 50% form factor (e.g.. a slider



10

11

o

13
14

15

© 16

17
18
19

- 20

a1

" »

23

having a plezoelectnc transducer coupled thereto that is part of test apparatus) may
resonate at about 250 KHz. A slider body tor a read-w1 ite head having a 50% form factor -
may have a natural resonant frequency at 750 KHz. (The term “50% form factor refers to
the slider size, i.e. 2 mm long by 1.6 mm wide by 433 mm high.)

The read-write head mechanically interacts with the bumps while the disk rotation

' is accelerating or decelerating. Therefore, at certain times the disk will be spinning at 2

~ velocity such that if the bumps are regularly spaced, they provide mechanical excitation

to the read-write head at a frequency close to one of the natural resonant frequencies of
the read-write head mechanism. While there is debate about the specific éffects that

read-write head vibration has on a disk drive, generally there is agreement that reducing

‘or eliminating these vibrations is desirable. See, for example, Yao et al., “Head-Disc

Dynamics of Low Resonance Laser Textures — A Spectrogram Analysis”, IEEE Trans.
On Magnetics, Vol. 34, No. 4, July. 1998, page 1699-1701.

Since the laser bumps can cause vibrations in the read-write head, it has been

© suggested that the vibrational excitation of the read-write head can be reduced by altering

thé position and spacing of the laser bumps. One technique for varying the position and
spacing of the laser bumps in the plated NiP all_oy layer is to vary the laser pulse
f‘requency. In particular, by randbmly varying the laser f‘rgque'ncy, one could vary the
bump ;pacing. Unfortunately, without using special techniques, this would compromise
the stability of the energy per pulse of the laser. Such stability is critical to making
consistent laser bumps of 2 controlled height. |

Another technique for varying the position of the laser bumps would be to block

selected laser pulses with a solid-state shutter. This would produce again a spiral zone
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pattern, but with variable length “gaps™ where bumps would be missing. Unfortunately,

these gaps in the texture pattern would be multiples of one fundamental spacing distance

based on the laser puise ffequency. This means that the pattem would stiil be capable of

exciting vibration in the read-write bead at the natural resonant frequency of the read-

write head mechanism.

' SUMMARY

A method for laser textuﬁng a substrate in accordance with our invention
comprises the steb of ro@ing a substrate, varying £he rotational velocity of the substrate,
and applying laser pulses to at least a portion of the substrate while the substrate is being
rotated. In one embodiment, the rotational ve!ocit§ of the substrate is varied on
accordance with a substantially periodic function. In one embodiment, the rotational
velocity (_)f the substrate is varied sinusoidally or in accordance with a sawtooth function. -
Aﬁer textﬁring, a magnetic layer is deposited on the substrate to form a magnetic disk.
(Typically, other ia)}ers, such as an underlayer and a protective overcoat are also
deposifed on the substrate. The underlayer is formed between the substrate and the
magnétic layer, and the protective overcoat is formed over the magnetic layer.)

We have discovered that by varying the position of the laser bumps in this
manner, we can sflarply reduce the vibrational energy imparted to a read-write head by
the lasér bumps when the read-write head takes off from or lands on a magnetic diék.

In one emBodimgnt, during laser texturing, the substrate spins at a mean velocity
of 3200 RPM. The velocity of the substrate is varied by 300 RPM about this mean

velocity. In other words, the rotational velocity varies between 2900 and 3500 RPM.
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During this process, laser _-pﬁlses of‘ a ﬁonétant fréquency are applied to the sul;strate, :
thereby forming' a laser bump. patiem in which the spacing of the laser bumps vgries
periodically. In one emBodiment, the laé_er bumps are arranged in a spiral. In another
embodiment, the laser bumps are arranged in concentric circles.

In accordance with another aspect of our invention,. a magnetic disk oomprises- a
pattern of texture bumps in which 'fhe spacing of the bumps is periodically varied in the

circumferential direction. This pattern of laser bumps is neither random, nor are the

‘bumps regularly spaced.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a substrate being rotated while texture bumps are applied thereto
with a laser.

. Fig. 2 illustrates the spacing between laser bumps formed on a substrate in

 accordance with our invention in which the spacing was varied by about 10%.

fig. 3 illustrates laser bumps formed on the substrate of Fig. 2 during texturing.

Fig. 4 shows the relation between friction and rotational velocity for a disk having

regularly spaced laser bumps and a disk having laser bumps spaced in a pattern in

accordance with our invention.
Fig. 5 illustrates the relation between an AE signal and rotational velocity fora

disk héving regularly spaced laser bumps and a disk having laser bumps spaced in a

pattern in accordance with our invention.

Fig. 6 schematically illustrates a disk drive comprising a disk having a patterned

zone texture in accordance with the invention.
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DETAILED DESCRIPTION

' Referrihg to Figure 1, a substrate 10 is mounted on a spindle 12 which is rotated
by a motor 13 while lasers 14a and 14b apply laser pulses at a constant frequency to
sides 152 and 15b of substrate lb, respectively. While substrate 10 is spinning, lasers |
14a, 14b are moved slowly in the radial direction R of substrate 10 so laser bumps will be |
formed in a spiral pé.tfem in response to the laser pulses. However, in other
embodiments, the lager bumps are formed in a pattern of concentric circles instead of a’
spiral.

In one embodiment, substrate 10 compljises_ an Al alloy 16 covered on both sides

with electroless plated 'NiP 18a, 18b. However, sﬁbstrate 10 can comprise other materials
as well. After texturing, an underiayer (e.g. Cf or NiP), a magnetic Co alloy, and a

protective overcoat (e.g. hydrogenated carbon or zirconia) are subsequently sputtered, in

that order,' onto both sides of substrate 10, and a lubricant layer is applied to the

protective overcoat. In this way, a magnetic disk is formed.

| In one embodiment, lasers 14 are device model no. V80-106Q, which is a diode-
pumped Q-switched Nd-VOy laser manufactured by SpectraPhysics of Mountain View, |
California. Lasers 14 can producc pulses having an 80 ns duration, a 110 KHz frequency
and an gnérgy of 20 uJ/pulse. However, other pﬁlse durations, frequencies, and energies

can also be used. In addition, other types of lasers such as continuous wave (cw) and

CO,, lasers can be used.
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'Mqtor 13 and spindle 12 can be of a type manuféctur_ed by Air Bearing

Technology of Hayward, California. The controller for motor 13 can be of a type made

~ by Compumotor of Rohnert Park, California. |

Substrate 10 typically has a diameter of about of 65 mm, 95 mm or 130 mm,
(These are standard substrate sizes currently used in industry, but other substrate sizes

can also be used.) Lasers 14 provide laser bumps in a band-shaped region of the

substrate surface extending from a radius of about 16.5 to 20.5 mm from the center of

substrate 10. This regipn is known as the CSS zone, and it is where a read-write héad
résts against the disk when the disk is not being used and is not spinning.

| In one embodiment, during texturing, sub;_trate 10 spihs #t a periodically varying
rotational velocity. In one embodiment, substrate iO spins at 3200 RPM, plus or minus

about 10% (e.g. plus or minus about 300 RPM). If the substrate is spinning at 3200 RPM

plus or minus 10%, and the laser pulse rate is 110 KHz, the resulting laser bump spacing
is about Séum plus or minus about 10% (i.¢. plus or minus about 5um). In order to

. minimize the mechanical stress on spindle 12 and disk 10 during acceleration and

deceleration, the rotational acceleration and deceleration is typically kept below about
3000. RPM’. The resulting laser bumps are spaced between about 45.5to STumina
spiral pattemn. The distance between one track or row of bumps and the next row of
bumps is about S0pm.

Fig. 2 illustrates the variation in laser bump spacing versus distance along a spiral

of bumps on a substrate in accordance with one embodiment of our invention, As can be

seen, the distance varies periodically with a period of about 5 revolutions. As mentioned

above, the spacing in the radial direction between adjacent rows of the spiral of bumps on
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‘the substrate is about 50 um. - A 10% bump spacing variation takes xip about 100 to 125

pm of radial distance. (In other words, bumps that are at their minimum spacing or

- maximum spacing are located about 100 to 125 um in the radial direction from a row of

bumps at their average spacing.) Bumps that are at their minimum spacing in the
circumferential direction are displaced by about 200 to 250 um in the radial direction

from a row of bumps that are at their maximum spacing. Since a typical read-write head

- rail is about 200 nm wide, this was écceptable. In other words, the period of laser bump

spacing variation in the radial direction is on the order of the width of a read-write head

" rail. Given the width of a read-write head rail and the periodicity of the spacing

variation, there are always a sufficient number of laser bumps under theread-write head
to ensure sufficiently low friction and stiction between the read-write head and the disk.
Fig. 3isa photograph of laser texture bumps formed during the texturing piocess

of Fig.- 2.. As can be seen, the texture bumps are arranged into a set of rows. Each row is

spaced about 50 um from the adjacent lines in the radial direction (arrow R). The

- spacing of the texture bumps in the circumferential direction (arrow C) varies in

accordance with Fig. 2.

Laser bumps are placed on magnetic disks to reduce friction and stiction between
the disk and a read-write head during use. Fig. 4 illustrates the relation between friction

between a read-write head and a disk vs. rotational velocity of the disk. Fig. 4 illustrates

_ﬁ-iction for a disk having regularly spaced laser bumps (curve 20) and between a read-

write head and a disk having a patterned zone texture in accordance with our invention

(curve 22). As can be seen, there is no appreciable difference between the two disks

insofar as friction is concerned.

o
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'As mentioned above, in the prior art it was recognized that regu!arly spaced laser
texture bumps can cause vibrations in a read-wrfte head duriﬁg take-off and landing
operations. Such vibrations are typically measured by coupling a. piezoelectric transducer
to a read-write head, and measuring the transducer output si_gn'al during take-off (as the
disk begins to spin from a resting position). The piezoelectric transducer provides an
el_ectrical signal known as an acoustic emission (“AE") signal. ‘We have discovered fhat

our patterned 'lasér zone texture provides a reduced AE signal (and therefore reduced

 vibration) compared to a prior art disk having regularly spaced laser bumps. This can be

readily seen in Fig. 5, wﬁich shows the output signal (in voltsj from a piezoelectric
transducer coupled to a read-write head used in conjunction with a disk having léser
bumps evenly 'sp:aced in accordance with the prior art (curve 24) vs. rotational velocity of
the disk. Fig. 5 also shows the output signal from a read-write head used in conjuﬁction
witt_l a magnetic disk having laser bumps spaced in a pattern in accordance with our

invention (curve 26). As can be seen, there is a large reduction in the AE signal (about a

- 1 volt maximum for curve 24 vs about a .28 volt maximum for curve 26).

As mentioned above, our periodically varying patterned laser zone texture has

‘advantages over techniques such as randomizing the timing of the laser pulses. Our

invention also has advantages over other methods of randomizing laser bumps. For
example, one might be tempted to try to randomly vary the rotational speed of the

substrate during texturing. However, if one were to attempt to do this, one would have to

account for the inertia of the substrate and spindle when trying to accelerate or decelerate

the substrate. (Because of the mass of the substrate and spindle, one could not

instantaneously vary the rotational velocity of the substrate. One would also have to

9
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wortry about éversllooting ades’ifed -rdatioﬁal velocity.) In addition, one would have to
ensure that there were always enough laser bﬁmps oﬁ all portions of the CSS zone to
ensure that friction and stiction between the head and disk was low enough. By using our
patterhed zone texture; We ensure that th_ere are always a sufficient number of texture
bumps in the CSS zone,

A disk textured in accordance with our invention is typically incorporated into a

. disk drive. Such a disk drive typically comprises a magnetic disk 100 (Fig. 6) mounted

on a spindle 102 which is rotated by a motor 104. A pair of read—write heads 106a, 106b
fly over disk 100, and réad data from and write data to the magnetic layer within disk
100. Read—write heads 106a, 106b are held in proximity to disk 100 by arms 1082, 108b,
res;)ectively. Arms 108a, 108b afe coupled to an a'ctuator which controls the position of
heads 106a, 106b relative to disk 100. As mentioned above, the texture bumps on disk
100 minimize static and dynamic friction between heads 106a, 106b and disk 100 during

take-off and fanding. However, the positioning of the bumps reduces vibrations imparted

. to heads 106a, 106b.

While the invention has been described with respect to specific émbddiments,

those skilled in the_art will appreciate that changes can be made with regard to details

without departing to the spirit and scope of our invention. For example, different types of
lasers can be used in accordance with our invention, as can different types of substrates

made of various materials. Different types of underfayers, magnetic alioys, protective

“overcoats and lubricants can be used, deposited by various techniques. In one

embodiment, only a portion of the substrate surface is textured. In other embodiments,

10



the entire substrét'e 's.urface: is-textured. Different layers wit’hiti the magnetic disk can be
laser textured. | |

While a disk or substrate éan be textured in accordanice with our invention by
varying the rotational velocity of the substrate dﬁring texturing, in other embodiments,
one can keep the rotational velocity of the substrate co.nstant and vary the frequency of
the laser used to texture the substrate. Although this might create laser stabi_lity issues, or
require maintaining of a constant energy per laser pulse, a laser bump pattern in
accordance with our ihyention can be provided in this way. Accordingly, all such

changes come within the present invention.

¥
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L. A magnetic disk comprising a magnetic film for storing data, said magnetic disk

We claim:

comprising a set of laser texture bumps, the distance of said laser texture bumps varying

in the circumferential direction of said disk in a non-random manner.

2. Magnetic disk of claim | wherein the distance between said laser texture bumps

~ varies in the circumferential direction of said disk in a periodic manner so as to reduce

vibrations induced in a read-write head used in conjunction with said disk.

3. o A method for texturing a magnetic disk ‘comprising:'

applying 5 séries of laser pulsesto a substra;ce;

six_nultaneou.sl.y rotating the substrate so that said pulses form a set of texture
bumps.on at least a portion of the surface of said subétraxe; and

.acc'elerating and decelerating the rotational velocity of said substraté in

accordance with a substantially periodic function while performing said step of applying

said series of laser pulses to form a pattern of laser bumps

4. Method of claim 3 wherein said substantially period acceleration and deceleration
of said rotational velocity results in laser bumps such that the distance between

the position of said laser bumps varies substantially periodically.

5. Method of claim 3 wherein the rotational velocity of said substrate is varied by

less than 50%.

12
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6. Metﬁod of claim 3 wherein the rotational velocity of said substrate is variéd by
fess than about 20%. | |
7. Method of claim 3 wherein the rotational vélécity of said substrate is varied by af

.!east about 2%.

8.  Method of claim 3 wherein the rotational velocity of said substrate is varied by at

least- about 5%.

9. Method of claim 3 further comprising the step of deposmng an underlayer a

magnetic alloy layer, anda protectlve overcoat on said substrate. _

10. A substrate comprising a spiral pattern of laser bumps, the distance between

-adjacent laser bumps in the circumferential direction periodically varying,

11, Substrate of claim 10 wherein said substrate is part of a magnetic disk, said

magnetic disk comprising a magnetic film formed thereon.

12. Substrate of claim 11 further comprising an underlayer formed between said

‘magnetic film and said substrate, and a protective overcoat formed over said magnetic

film.

13
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13. 'Substra__té_ of claim 10 w_h_erein said substrate is incorporated into a magnetic disk
drive, said magnetic disk drive comprising a read-write head, wherein the periodic
variation in spacing of said laser bumpé reduces vibration of said read-write head when

said read-write head_. takes off from and lands on said disk.

14.  Substrate of claim 10 wherein the spacing of said laser bumps varies by less than

about 20%.

15. ~ Substrate of claim 10 wherein the spacing of said laser bumps varies by less than

50%.

16.  Substrate of claim 10 wherein the spacing of said laser bumps varies by at least
about 2%.

17. * Substrate of claim 10 wherein the spacing of said laser bumps varies by at least

about 5%.

18. - Method comprising:

| providing a structure comprising a magnetic disk having a region with texture
bumps- formed thereon in a spiral pattern, the distance between said texture bumps
periodically varying in the circumferential direction of said disk, said structure further

comprising a read-write head resting on said region of said disk; and

14
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rotating said magnetic disk so that said read-write head is caused to take off from

and fly above said magnetic disk, whereby the periodic variation in the distance between
said texture bumps in said circumferential direction reduces vibration of said read-write

head when said read-write.head takes off from said disk. .

19.  Method of claim 18 further comprising the step of cauéing said magnetic disk to
stop rotating, and thereby causing said read-write head té stop flying above said magnetic
disk.and to land on said inagnetfc disk, whereby said periodic.variation in the distance
between said texture buﬁlps in said circumferential direction reduces vibration of said

read-write head when said read-write head lands on said disk.

20.  Method of claim 18 wherein said texture bumps are formed on the entire surface

of said disk.

~ 21. Method of claim 18 wherein the texture bumps are formed only on a portion of

the surface of said disk.

22.  Method comprising:
providing 4 structure comprising a rotating magnetic disk having a region with
texture bumps formed thereon in a spiral pattern, the distance between said texture bumps

periodically varying in the circumferentia! direction of said disk, said structure further

comprising a read-write head flying above said disk; and

15
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causing said magnetic disk to stop rotating so that said read-write head is caused to land on

. said magnetic disk, whereby the periodic variation in the distance between said texture bumps in
said circumferential direction reduces vibration of said read-write head when said read-write head

lands on said disk.

23. Method comprising:
. rotating a substrate; '
applying laser pulses to the substrate to form lasef texture bumps on at least a portion of
said substrate such that the spacing of said laser texture bumps in the circumferential direction of

* said substrates varies in a periodic manner.

24. Method of claim 23 wherein the frequency of said laser pulses is varied so that the laser

".texture bump spacing in the circumferential direction varies in said periodic manner.

25, A method for texturing a magnetic disk comprising: |
applying a serieg of laser pulses to a substrate;
simultaneously rotating the substrate so that said pulses form a set of texture bumps on at
least a po;ﬁc;n of the sqrface of said substrate; and |
changing the rotaﬁonal velocity of the substréte to form bumps having a varying non-

random circumferential spacing.
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