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METHOD OF MARKING DISKS
David Vigdor Salamon

Backeround of the Invention

This invention pertains to methods of marking magnetic disks and the resulting
disks.
Referring to Fig. 1, a typical magnetic disk 10 is manufactured by the following

process.

1. Both sides of an aluminum alloy disk-shaped substrate 12 are coated, by

electroless plating, with a NiP alloy layer 14.
2. The NiP alloy layer 14 is polished and textured.
3. An underlayer 16 (typically Cr, a Cr alloy, NiP, or othe; material) is sputtered
onto NiP alloy layer 14.
4, A magnetic alloy layer 18 (typically a Co alloy) is sputtered onto underlayer 14.
5. A protective overcoat 20 (typically carbon or hydrogenated carbon) is sputtered
onto magnetic alloy layer 18.
6. A lubricant layer is applied to protective overcoat 20.
Details concerning methods for manufacturing magnetic disks are described in U.S.
Patent Application serial no. 08/984,753, filed by Bertero, et al. and incorporated herein
by reference. (In lieu of NiP-coated aluminum alloy substrate 12, it is also known in the

art to use a glass or glass ceramic substrate. In such processes, an underlayer, magnetic
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alloy and protective overcoat are typically deposited on the glass or glass ceramic
substrate. A lubricant layer is then applied to the overcoat.)

As shown in Fig. 1, layers 14, 16, 18 and 20 are formed on both sides of substrate
12. Occasionally, there is a defect on one side of disk 10 that renders that one side of the
disk unusable while the other side of the disk is fully functional. There is a market for
n.mgnetic disks in which only one side is functional. However, after testing the disk, it is
necessary to mark the defective side of the disk so that a disk drive manufacturer can tell
wﬁich side should be used, and which side should not be used. In the past, a type of felt
tip pen was used to mark the defective side of the magnetic disk.

Magnetic disks are made and tested in clean room environments, where
elimination of dirt and other contaminants is of great importance. Accordingly, the felt
tip pen is designed and used in a manner that minimizes such contamination. The pen is
coupled to marking automation that receives a disk from a tester and marks the
appropriate side of the disk. Unfortunately, the pen is prone to drying and running out of
ink, and therefore, the disk must be inspected to ensure that the mark on the disk is
visible.-

11 would be desirable to find an alternate means of marking the defective side of a
disk. It is important that this method naot create contaminants. In addition, this alternate

means of marking the defective side of the disk must be reliable, fast and efficient.

Summary
A method for marking a defective side of a magnetic disk comprises the step of

applying laser pulses to the defective side. The laser pulse parameters are selected so as
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to form marks having a rippled or crinkled appearance on the magnetic disk. However,
the laser power and pulse duration are not so great as to result in the formation of a crater
in the magnetic disk. [ believe that during this process, the lubricant layer is evaporated
from the portions of the disk surface which receive the laser pulse. 1 also believe that the
ripple formation process may result from delamination of the sputtered films from the
substrate, or the deformation of the NiP layer under the sputtered films, or both.

During a method in accordance with one embodiment of the invention, several
rows of such laser marks are formed. These fows of laser marks are visible to the naked
eye. Thus, disk drive manufacturers can easily see which side of the disk is defective.

In accordance with another embodiment, the laser marks are arranged in patterns
other than rows. These patterns of Taser marks are also visible to the naked eye.

A process in accordance with my invention can be used to mark different types of
magnetic disks, e.g. disks using metallic substrates, glass substrates, glass ceramic
substrates, or other materials. The process can be used to mark disks having different
types of layers, e.g. Co based magnetic layers, Fe based magnetic layers, carbon
protective overcoats, ZrO, protective overcoats, or different types of underlayers.

A marking process in accordance with some embodiments of the invention has

one or more of the following advantages:
1. The laser marking process is reproducible.
2. The laser marking process is used to mark the defective side of magnetic
disks without causing contamination.
3. Since a pen is not used, there is nothing that can dry out or run out of ink

during use.



10

H

12

4

i3

16

17

I8

19

20

21

22

23

4, The laser marking process marks the defective side of the disk without

affecting the functional side of the disk.

5. The laser marks are produced rapidly for enhanced manufacturing
throughput.
6. The laser marks are readily visible to the naked eye. (This is important lo

the disk drive manufacturer, who must use the disk to assemble a working
disk drive}

7. The laser marking process can employ the types of lasers that are already
in use in other areas of the disk manufacturing process. (Typically, lasers
are used to texture magnetic disks prior to sputtering.)

8. The laser marking process can employ robotic manufacturing equipment
to minimize the need, expense, and contamination problems that normally
accompany human handling.

These and olher advantages of the invention will be more readily.apparem in light of the

description below.

Brief Description of the Drawings

Fig. 1 illustrates in cross section a portion of a magnetic disk constructed in
accordance with the prior art.

Fig. 2 schematically illustrates equipment for using a laser to mark the defective
side of a magnetic disk.

Fig. 3 shows a set of laser marks formed on a side of a magnetic disk in

accordance with the invention.
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Fig. 4 is photograph of a set of laser marks in which laser pulse power
progressively increases.

Fig. 5 is an atomic force microscope photograph of a laser mark in accordance
with my invention.

Fig. 6 illustrates laser marks formed using a laser having a relatively high power.

Fig. 7 illustrates a disk drive including a magnetic disk marked in accordance with

my invention.

A method for marking the defective side of a magnetic disk comprises the step of
applying laser pulses to the defective side of the magnetic disk. In one embodiment, the
disk has a diameter of 95 mm, but other disk sizes can also be ﬁsed. The disk itself can
be of conventional construction, e.g. as shown in Fig. 1, described above. Methods of
making and using such disks are well known in the art. Details concerning one such type
of disk can be found in U.S. Patent Application 08/984,753.

Prior to marking, each side of the disk is tested for defects, e.g. magnetic defects
or the presence of undesired asperities on the disk surface. In one embodiment, this
testing is performed using device model MG250A, manufactured by Phase Metrics of
Fremont, California. However, other kinds of testers can also be used. The tester
typically performs glide and certification tests. Glide tests are performed to detect
asperities on a magnetic disk. The glide test limits are typically in accordance with
specifications provided by the disk drive manufacturer. Glide tests screen for the

presence of one or more asperities having a certain height. In one embodiment, the
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height is between 0.5 and 1 p”. Certification tests are designed (o screen for magnetic
defects, e.g. as specified by the disk drive manufacturer. Typical tests screen for
magnetic defects that are “non-correctable”, e.g. defects of a certain length (e.g. about
100 yum or greater) and a certain width (e.g. about 1 pm or greater). The tests performed
during glide and certification testing are typically in accordance with manufacturer
specifications. If one or more defects are detected on one side of the disk so as to render
that one side of the disk unusable to the manufacturer in accordance with its
specifications, one or more laser pulses is applied to the defective side of the disk. These

pulses can be used 1o form marks arranged as, for example, one or more parallel lines on

“the defective side. In one embodiment, the pulses are arranged as eight parallel lines of

pulses extending in a radial direction. In this embodiment, the lines of pulses start at a
radius of 21 mm and end at a radius of 41 mm.

Tn one embodiment, the disk is marked with a laser such as model number V80-
106Q, manufactured by SpectraPhysics Corporation of Mountain View, California. The
lager wavelength is typically about 1064 nm, but other kinds of lasers and wavelengths
can be used as well. Apparatus used to mark the disk can be as schematically illustrated
in Fig. 2. Referring to Fig. 2, a disk 20 is held by a holding apparatus 22. A laser 24 and
focusing lens 25 move back and forth, in the direction of arrow 26 and arrow 27, while
laser pulses are used to mark disk 20. During this marking process, the disk is not
moving.

Fig, 3 illustrates a disk laser marked in accordance with our invention. Fach line

of pulse marks is a distance of about 50 microns from the neighboring tine of pulse

6
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marks. Within each line, the marks are spaced immediately next to each other. In one
embodiment, each mark is 14 pm in diameter and has a height between 50 and 60 nm.

The number of lines formed on the disk represents a trade-off. If fewer lines are
{ormed on the disk, one achieves greater throughput at the expense of reduced mark
visibility. If one provides more lines on the disk, one achieves greater visibility at the
expense of reduced throughput. Tn one embodiment, eight lines of marks are formed.
However, in other embodiments of my invention, fewer or more than eight lines of marks
are formed.

The size, shape and morphology of the laser marks depend upon the parameters

‘one uses o form the marks. 1 have identified three types of process parameter regimes

that can result from applying a laser pulse to a magnetic disk: a low power regime, a
mid-power regime and a high power regime. In a preferred embodiment, [ use a low
power regime. Laser pulses within this regime provide laser marks on a disk with a
unigue appearance.

Fig. 4 illustrates set of laser marks formed by pulses of increasing laser pulse
power. The marks in the seven columns of marks on the right side of Fig, 4 are formed
with laser pulses within the low power regime. (I prefer the laser marks having the
appearance of the fourth column from the right for reasons of good visibility.) As seen in
Fig. 4, the laser marks have a wrinkled appearance. Also, for pulses formed within the
low power regime, there is no central crater in the middle of the laser mark. The laser
mark peaks are typically 20 to 60 nm in height. The highest point on the mark will be a
peak from one of the wrinkles, so it is hard to control this height precisely. | believe that

the wrinkled appearance is due to partial delamination of the sputtered layers from the
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subsirate within the magnetic disk. It is also possible that these features are caused by
deformation or melting of the NiP fayer underneath the sputtered films. During this
marking process, the lubricant layer on the portion of the disk that receives the laser pulse -
is evaporated. 1 believe the carbon overcoat at the mark is intact, since laser marking
does not increase the disk’s susceptibility to corrosion, even after several days of
corrosion testing.

Fig. 5 is an atomic force microscope photograph of a mark formed with a pulse in
the low power regime. Fig. 5 shows that the laser mark comprises a set of wrinkles, with
1o central crater.

In one embodiment, the laser pulses used to form the laser marks are 200 ns in
duration, at a frequency of about | kHz. (In other embodiments, the pulse duration is
between 120 ns and 200 ns and the frequency is between 1 kiHz and 40 kHz.) The
average power per pulse can be 400 mW for an energy of about 8 pjfpulse. 1 find it
easier to make laser marks in the low power regime if the laser pulse is fonger. (It should
be noted that since disks are manufactured with different layer compositions, thicknesses
and properties, parameter sefection is somewhat empirical. It may be desirable to employ
different laser pulse parameters to mark different types of disks.) During marking, the
disk is typically moved at a speed of about 20 mm/second relative to the laser pulse to
trace out a line of laser marks on the disk.

The left most five columns of laser marks in Fig. 4 are within the mid-power
regime. These marks are characterized by a central crater surrounded by “fingers” having
a wrinkled appearance. As mentioned above, I believe the wrinkled fingers indicate

delamination of the sputtered layers from the NiP plating. I believe that the central crater
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is a region where the carbon overcoat has been destroyed and the sputtered metals mix
with the NiP plated layer. The rim of the crater determines the height of the marks in this
process regime, and they can reach 50 to 100 nm high. There are some minimal
corrosion effects in the mid-power regime marks, but this problem is not severe.

Fig. 6 illustrates marks made at the high power regime. In this process paramefer
regime, the central crater grows and the wrinkled region shrinks. The marks in this
regime have shapes strongly resembling those of ordinary laser texture ridge-type bumps,
but they are typically higher, e.g. having heights between 100 and 200 nm. The marks
are formed almost entirely of melted NiP, with some of the sputtered layer metals mixed
therein. Corrosion effects are worse in the high power regime than in the mid-power
regime, though not severe.

I have found that laser pulses in the mid and high power regimes can form
contaminant particles. Particle generation appears to coincide w';th tﬁe forination of the
central crater when the marks transition from the low to mid power regimes. The number
of particles then steadily increases with power. The patrticles form a fight “dusting” all
around the marks, but they can extend outwardly of tens of microns at high power levels.
These particles have been found to have diameters in the range of 10 to 100 nm, with
some as large as 1 um in the high power regime. It is for this reason that the low power
regime is typically used.

A disk marked in accordance with my invention is typically incorporated into a
disk drive. Such a disk drive is schematically illustrated in Fig. 7. Referring to Fig. 7, a
disk 50 marked in accordance with my invention is mounted on a spindle 52 that is

rotated by a molor 54. Disk 50 has a functional side 56 and a defective side 38. A read-
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write head 60 mounted on a suspension arm 62 is positioned over the disk so that data
can be read from and written to functional side 56 of magnetic disk 50.

It is also known in the art to mount two or more disks within a disk drive. For
example, it is known in the art to mount two disks on a spindle. Thus, in an alternative
embodiment, a disk drive can include two or more magnetic disks, of which one or more
disks are marked on one side.

Some disk drive manufacturers sell two versions of a disk drive in which the disk
drive assembly is designed to accommodate two magnetic disks. One of the versions
incorporates two fully functional disks, and one of the versions incorporates oue fully
functional disk. The drive motor and other mechanical portions of the drive are designed
to be operated with a mechanical load comprising two magnetic disks. Thus, there is a
demand for disks in which both sides are non-functional. Such disks are used to provide
an added mechanical load for the disk drive so that it will function properly.
Accordingly, a method in one embodiment of my invention is used to mark both sides of
a magnetic disk. Such a disk can therefore be readily identified by a disk drive
manufacturer, and provided in a disk drive that will therefore have one fully functional
disk, and one non-functional disk which is provided for purposes of providing a desired
mechanical load for the drive mechanism.

While the invention has been described with respect to specific embodiments,
those skilled in the art will realize that changes can be made in fortm and detail without
departing from the spirit and scope of the invention. For example, different types of
lasers and laser pulse parameters can be used. Further, different materials can be used to

form the various Jayers within the magnetic disk. In liev of aluminum, glass or glass

10
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ceramic substrates can be used. In lieu of an underlayer such as Cr or NiP, other
materials such as NiAl can be used. In lieu of a Co based magunetic alloy, a Fe based
alloy can be used. Also, in lieu of a carbon overcoat, other protective overcoat materials
can be used, e.g. Z1Os.

While one embodiment of the invention is used to mark magnetic disks, the
invention can also be used to mark magneto-optical disks or optical disks. (Such disks
contain magneto-optic or optical layers on a substrate as a data recording layer.)

Accordingly, all such changes come within the invention.

Il
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L. A method for marking a data recording disk, said disk comprising a substrate and

-

[ claim:

a data recording layer, said method comprising the step of applying a set of laser pulses

to said disk to thereby form a set of marks on a surface of said disk that are visible.

2. Method of claim 1 wherein said set of marks are visible to the naked eye.

3. Method of claim | wherein said disk is a magnetic disk, satd magnetic disk

comprising a protective overcoat formed on said magnetic layer.

4, Method of claim 3 wherein said protective overcoat is a carbon overcoat that does

not burn through during said step of applying.

>

s. Method of claim 3 further comprising the step of testing said magnetic disk to
determine whether it is functional, wherein said laser pulses are applied to a defective

side of said disk after said step of testing.

6. Method of claim 5 wherein said disk comprises an underlayer on said substrate,

said magnetic layer being disposed on said underlayer.

7. Method of claim & wherein said laser pulses form marks comprising a set of

wrinkles on the surface of said disk.

12
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8. Method of claim 7 wherein said laser pulses do not burn through the protective

overcoat on said disk.

9, Method of claim 3 wherein said laser pulses do not form a crater in said magnelic

disk.

10.  Method of claim 1 wherein said laser pulses do not generate particulate

contaminants.

1. - Method of claim { wherein said step of applying is performed on one side of said

disk.

12.  Method of claim 1 wherein said step of applying is performed on both sides of

said disk.

3. A data recording disk comprising:

a substrate having a first side and a second side; and

a first data recording layer on a first side of said substrate and a second data
recording layer on a second side of said substrate, said disk having a set of one or more
laser marks on one side of said disk, said set of laser mark.s being visible to the naked

eye.



12

13

14

15

16

17

19

20

21

22

AL

t4.  Data recording disk of claim 13 wherein said data recording disk is a magnetic

disk, and said first and second data recording layers are magnetic layers, said data
recording disk further comprising a first protective overcoat on said first magnetic fayer

and a second protective overcoat on said second magnetic layer.

5. Data recording disk of claim 14 wherein said laser marks are formed on only one

side of said disk.

16. - Data recording disk of claim 14 wherein said laser marks are formed on both sides

of said disk.

17.  Data recording disk of claim 14 further comprising a first underlayer between said
substrate and said first magnetic layer, a second underlayer between said substrate and
said second magnetic fayer, a first lubricant layer on said first protective layer, and a

second lubricant layer on said second protective layer.
18.  Data recording disk of claim 13 wherein said marks comprise a set of wrinkles.

19.  Data recording disk of claim 13 wherein said wrinkles occur where layers on said

data recording disk at least partially delaminate from underlying matetial.

4
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20.  Data recording disk of ctaim 13 wherein said wrinkles occur where material

underneath at least one of said data recording layers is melted during laser marking.

21.  Data recording disk of claim 13 wherein said laser marks are formed on a

defective side of said disk.

22. A data recording disk comprising:
a substrate having a first side and a second side; and

a first data recording layer on a first side of said substrate and a second data
recording layer on a second side of said substrate,
said data recording disk having a set of one or more [aser marks visible to the

naked eye on one side of said disk, said laser marks comprising a set of wrinkles.

23.  Data recording disk of claim 22 wherein the layers on said substrate at least

partially delaminate from said substrate at the location of said wrinkies.

24.  Data recording disk of claim 22 wherein material underneath at least one of said

layers of said disk melts during the process of marking,
25. A disk drive comprising the magpetic disk of claim 14, said disk drive further

comprising:

a read-write head for reading data from and writing data to said magnetic disk;

15
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a suspension for holding said head in proximity to said disk during reading and
writing; and

a motor for rotating said disk.

26. A disk drive comprising the data recording disk of claim 22, said data recording
disk being a magnetic disk, said disk drive further comprising:
a read-write head for reading data from and writing data to said magnetic disk;
a suspension for holding said head in proximity to said disk during reading and
writing; and

a motor for rotating said disk.
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