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The invention relates to magnetic di sks with nonmagnetic encoded

identifying information on nmagnetic disks, nethods for creating the

magneti-c di sks and storage device contai n| ng the nagnetic disks. Mre
parti‘cularly the invention relates to netthods for using | aser heating to
encode nonmagnetic information under, in or above the magnetic material on
magneti c di sks. | BACKGROUND OF THE

Corrort 7ai | MAGNEE EjS STACKWANE LHSER Suiii IbENTIEIRS

determ ne certain informati on sONMAGNEDICDISKSSk(s) used in the drive.

There may be nultiple |ocations where the disks are manufactured. The

manuf acturi ng process may change fromtine to tinme. There can be many
reasons why it mght be necessary or useful to know such infornmation as the
date that a di sk was nanufactured, the batch nunber or even a uni que
identity of a disk so that inf may be correlated with
ot her information such as fail %lﬁbaﬁgsﬁi&‘#ﬁggﬂ&& dr?/ves must generally
remai ned sealed in order to continue to '

The invention relates to magnetic disks with nonmagnetic encoded identifying
information on'magnetic disks, methods for creating the magnetic disks and storage
device containing the magnetic disks. More particularly the invention relates to
methods for using laser heating to encode nonmagnetic information under, .in or above
the magnetic material on magnetic disks. '

BACKGROUND OF THE INVENTION

In order to perform failure analysis and ultimately to correct failures in storage
devices (disk drives) it may be necessary to determine certain information about the
magnetic disk(s) used in the drive. There may be multiple locations where the disks
are manufactured. The manufacturing process may change from time to time. There
can be many reasons why it might be neceséary of useful to know such information as
the date that a disk was manufactured, the batch number or even a unique identity of a
disk so that information as its origin may be correlated with other information such as
failure rates. Since disk drives must generally remained sealed in order to continue to
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2 faunction properly, visible markings on the disks may not be

vi ewabl e wi t hout damagi ng t he drive. The magnetic surfaces of the
di sks nust be extrenely snmooth with peek-to-valley raqgg Eﬁ
magnetic surfaces of sonme thin filmdisks being | ess thar rﬁ%ggu
In:addition there are tribol ogi cal const r:?i nts on materidls_an cal. .-
structures on the magnetic surfaces.“Thus, the extrenely fine

tol erances and properties required for proper functioning of a
magneti c di sk render conventional marking schenes inpractical.

SUMMARY  Grunbtibn! grypaY, dsible markings on théaE ﬁnagfnoi be \ﬁé@éﬁl@twﬂﬁb(ﬂrﬁd

i ncl ude a magnetic disk and a drirve usin di sk. The nmagne |c
di sk has mﬁ@wetme magaetfmsua‘ﬁcea obthendisks| must b extreragly sanaatie with
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ager - | PR to-Vaiby foqgriss otk MeirEite €ecR o SoReRi il oftHei jds.
reflecti vthan) 100 Angstrentsyrihadddition tHere are tﬁbtﬂogibahwnstrtlnﬂ@mﬂmatéﬁald apld
stack. The set of marks may be a series of |aser bunps whic serve

dual  pur pPBYSiEal SiryGes AN themagnetic suEaces (S thagxiremely g olerapces and

slider an g the
e nct (prRts reRRLIEH drdlfer fthigfing MY FBbhoHT: iskTRbugY Glver bl

di sk's |dnmk|hgeschem“e§qmpracﬁbajm ng out board equi pnent . such as an HRF
tester or by neans contained in the drive itself Each disk identifier can
then be stored-magnetically in a special region of the hard disk reserved
for use by the dri-ve and/or within the flash nenory of the hard drive.
The drive can then conmuni cate the identifier(s) to a host conputer
usi ng the conventional comrunication hardware and firmvare. In this

way sel ected information such a e orl date of

manuf acture, serial nunber, MNABXP |T§'gﬁiy§&3négl?al ned when needed
as, for exanple, as part or failure analysis.

According to an aspect of the present invention, there is provided a

magneti c di.sk The preéerit ingeéntion.is ahwmeﬁcm md aaisk dive using the disk. The .
a circul ar substrate; pl anar c}/er of _magnetic materi al

paral | el MagRele disk-has nopmagsetic mfalfr@atl%encode under, in or aaoYﬂ thexmagpetie
nonmagnet j, geFBf o Qi %esﬂférﬁfé%oﬁrrhay” pedtbradEra4erias ﬁﬁﬁ%&ﬂ%ﬂ magks.

| nformat (Oe.g.. bumps, oxidized spots or spots with altered reflectivity) upon the surface(s) of one
or more disks of the diek stack. The set of marks may be a series of laser bumps which
serve a dual purpose as a landing zone or contact start/stop (CSS) zone for the slider
and as encoded identifying information (identifier). During the manufacturing precess

fo'r disk drives containing the disks, each disk’s identifier can be read using outboard

N equnpment such as an HRF tester or by means contained in the drive itself. Each disk
identifier can then be stored magnetically in a special region of the hard disk reserved
for use by the drive and/or within the flash memory of the hard drive: The drive can
then communicate the identifier(s) to a host computer using the conventional
communication hardware and firmware. In this way selected information such as the

. origin, batch number, date of manufacture, serial number, etc. of any disk can be
obtained when needed as, for example, as part of failure analysis.
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' 2a . < According to a further aspect of the present invention, there
Is provided a nethod of manufacturing a storage device conprising the steps

of using a laser to forma plurality 'of nonmagnetic marks on a
surface of a magnetic di sk, the nonmagnetic marks being arranged to
encode sel ected information; assegbllng t he nagnetlc disk into a

st orage devi ce havi ng comruni cati on el ectronics; readi ng
the selected information fromthe nagnetic disk; and storing the
selected information in the storage device in nonvol atil e st or age.
REPLACEMENT SHEET BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a top view of a prior art disk drive with a rotary actuator useful in
practicing the present invention.

Figure 2 shows an expanded view of an RLL symbol encoded in a sequence of-
laser marks according to an embodiment of the mventson '

Figure 3 is a flowchart of a manufacturing process for a disk drive usmg the
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a top view of a prior art disk drive with a rotary actuator useful in
practicing the present invention by having a information encoded by laser-written marks
under, on or.in the magnetic layer of the disk. The system comprises one or more
magnetic recording disks 111 mounted on spindle 112 which is rotated by an in-hub
electrical motor (not shown) An actuator assembly 115 supports a slider 120 which
contains ofhe or more read/write heads. The assembly may be composed of a plurality
of actuators and sliders arranged in a vertical stack with the actuators supporting the
sliders in contact with the surfaces of the disks when the disks are not rotating. A voice
coil motor (VCM) 116-moves the actuator assembly 115 relative to the disks by causing

” 'the assembly to pivot around shaft 117. The heads are contained in air bearing sliders
adapted for flying above the surface of the disks when rotating at sufficient speed. In
operation, when the sliders are flying above the disks the VCM moves the sliders in an
arcuate path across the disks allowing the heads to be positioned to read and write
from circular tracks formed in the data area 114. Electrical signals to and from the
‘heads and the:VCM are carried by a flex cable 118. The various electronics required-
for signal processing, control and communication are represented by block 119. When
not operating and during periods when the rotation of the disks is either starting or
stopping, the sliders are positioned in physical contact with the surface of the disks in a



'3, . BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1
Is atop viewof a prior art disk drive with a rotary actuator useful in

practicing the present invention. Figure 2 shows an expanded vi ew of
an RLL synbol encoded in a sequence of [aser marks according to an

enbodi nent of the invention. Figure 3 is a flowhart of a

nmanuf acturing process for a disk drive us? ng the invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCODI MENTS Fig. 1is atop

view of a prior art disk drive with a rotary actuator useful in practicing
the . present invention by having a information encoded by |aser-witten
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contact recording sliders.
The substrate may be an aluminum alloy coated with NiP, glass, glass-ceramic
or.any substance which can be induced to form bumps when heated by a laser.
The process of forming the burﬁps on substrates is known in the art as laser
texturing and is not part of the current invention. Techniques and references for faser
texturing are described inter alia in U.S. patent 5,550,696 titled "Maignetic recording
disk having textured test band for controlling texture in the slider landing zone."
-Co-pending application, U.S. Ser.. No. 08/149,851 filed Nov. 10, 1993 and commonly
i 'assigned, describes a process for laser texturing glass disk substrates. Commonly |
assigned co-pending application U.S. Ser. No. 08/1 50,525 filed Nov. 10, 1993, which is
incorporated herein, by reference describes a programmable laser texturing tool.
Bésically a computer is used to control a shutter through which the laser beam passes
and a transiation stage on which the disk is rotated and moved laterally . In this way
- the duration of the laser pulses, the time between the pulses and the focal point on the
disk are controllable and can, theref_bre,.be used to create the necessary pattern of
bumps to implement the invention. | -
After texturing additional layers of distinct material are typically sputtered onto

the disk. Typical layers include an under layer of chromium, a cobalt alloy magnetic
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4 . |larding zone or contact start/stop (CSS) area 113 which is not used
for data storage even though the magnetic coating extends over this area.
The CSS area is not shown to scale in this figure. The actual size of the
CSS area is typically a fewmllimeters. The CSS area is typically |ocated
near the inner dianeter (1D) of the disk as shown, but other locations are
possi bl e including the use of multiple CSS areas spread across the disk.
There is typically a | atch mechani sm (not shown) which holds the sliders in
position over the CSS when the drive is not operating and at | east
tenporarily during start up. In a preferred enbodi nent of the invention

| aser bungsacing ot thiengn n%emecamramé 7 miplifiad dircedthedader powbeakPonaifia-
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of this type. The prepared substrate in then laser textured. The computer controlled
laser is used to create the bumps in the CSS zone. The pattern in which the bumps-are
created encodes the desired 32. The disk(s) are then progressively assembled into a
functional disk drive using conventional techniques 33. The identifier(s) can be read at
any convenient point during the manufacturing process and/or use of the completed

) disk drive. It is particularly convenient to read the identifiers at the station where the

disks are formatted after being included in the drive. At the formatting station the
identifier can be read using a specific Harmonic Ratio Flyheight (HRF) tester that
detects changes of flying height associated with the read head on the slider passing
across a laser bump within the CSS zone 34. The design and use of an HRF tester is
known to those skilled in the art and does not form a part of this invention. A local fly
height change caused by passing over a bump results in a change in the spectral
content of the readback pulses sensed by the read head. A bump is detected by -
sensing the changes in harmonic ratios in the readback signal. Each bump is reflected

as a change in flying height. From the stream of digital values read from the tester, a



"spacing for the encoding, the apparatus is sinplified since the |aser power
and on-tine remains constant. Many different encodi ng schenes coul d be
used. An RLL schene is described bel ow, but others are possible. For
exanpl e, an event such as a doubl e | ength space betmeen bunmps coul d be
designated as a '1" and a single length space a '0'. Once the binary code
has been defined, nultiple bits are then®used to forn1|arger units such as
8 bit bytes. Any sort of encoding schene useful with conputers can be used
once t.he binary code has been established. : There is an advantage in
usi ng an encodlng schene whi ch keeps the overall bunp density within the
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Is reflected as a chaqg? in flyi.-ng height. Fromthe stream digit
val ues r eauld send tothe drivacequld also be created for the purpose of reading the identifiers.
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(e.g. SCSI or IDE) or it _can _be a port used only .
of the drive or in the field 37.
Alternatively, other methods besides HRF testing could be used to read the disk
" identifier encoded within the laser bumps. For example, direct image recognition of the
coded laser marks could be performed using an image magnifying system. In another
embodiment, MR read head terhperatures can be used to sense a disk ID pattern of
marks. Generally, baseline shifts that occur as the result of MR head temperature .
changes induced by passing over topographic features are filtered by ARM electronics.
- However, for purposes of reading the disk ID, this filtering is turned off and the baseline
shift associated with MR head passing of the laser written bump or other topographic
featureis sensed. .
The above embodiment is advantageous as it is consistent with existing
equipment for manufacturing the laser texture on a magnetic disk formed within a



“during manufacturing or disk servicing 35. The identifier(s) can then be
stored in conventional formalong with the drive m crocode and/or ot her
parameters by action of the mcrocode in the drive 36. The I D nay be stored
in any nonvol atile storage such as PROVs, EEPROVs, flash nenory, etc.
and/or on the disk in conventional magnetic form Thereafter, whenever the
di sk drive is powered up, this disk ID (of multiple IDs for a disk stack)
are retrievable. Storage of the IDs in a flash nenory allows the disk drive
to recover the information even if a malfunction results in inability to

read data_fram I sk. Sinc rjor _art .disk drive rea neaps, f or
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char act er;hSirh& S Thé : t Wé e’frmfarr' aekwa '
of bunps 'Qﬁﬁo’u%ﬁ%%ﬁ@g@%&ﬁqﬁot ' 'g‘ requi rggr?’g ensﬁ’r @qg@ée'%ﬁét@ B3t to )
sti cti on keep the codingAsnaryn Foxrpurpeses ofdliustretion; in Figr2(atdisdefined gs not ;
maxi nunm ny r of bunps under the slider s nqt violated, attern be
usabl e e\%ﬂ%’a ralstiye ﬁg?h% §WE§H°BGﬁ§t°A9ﬁq‘ ?ﬂdﬁ fegjcak btﬁﬁvﬁ@'ﬂeﬁo’&ﬁm-&[}ée "cldek
appr eci at [%g@fer G5HE SRIAD Ed tégﬁob ;
bunps can&g'lemlﬁrl;p' errensfrg;a | nng?@kfve e%gI | fna%lt S. gqgélir]rg?ﬁo 0 SdUsing
achi evi nqa tsectoercaysistingaofsd syric maribfollowed by four symbols. The sync mark consists
" of ten "zeroes". Each of the succeeding four symbol consists of ten bits. The first two'
bits are a 1 followed by a 0 and constitute the byte header. This distinguishes the data
bytes unambiguously from the sync mark. The subsequent eight bits can have any
value. The sequence of bumps shown in Fig. 2 corresponds to the binary number _
‘10110110 prefixed with the “10".  The possible number of disk iDs that can be written
-using four symbols in this encoding scheme is 24, or more than 4.29x10°. There may,
. of course, be more than 4 symbols or multfple sets. of sync marks followed by symbols
which would allow a very large amount of information to be recorded if desired.
The result of timed-shifting the laser bumps by a single fixed amount results in

three different gaps. In the sector sync mark, each bump is separated by a medium



* bunps per unit length is to use-an RLL code such as the one described _
bel ow. As seen in Fig. 2, a sequence of ten |laser bunps is shown to
illustrate a possible RLL synmbol encoding. The bunps all have the sane

di mensi ons, but the spacing between adjacent bunps along a spiral track is
varied in accordance with a preferred encodi ng schene. Each | aser bunp is
written on its corresponding CSS zone tra&k either on a synchronized or
shifted in time by sone fixed amount, say 10%in time. This shifting is
chosen to be either forward or backward in tinme, but not both, to keep the
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encoded with the disk ID within the textured zone of CSS zone. As an example,
suppose 32 bits of information are stored within the laser bumps to uniquely identify a
magnetic disk. In the encoding scheme described above, 50 adjacent laser bumps are

needed to encode this disk ID. Ten adjacent bumps are for the sync mark and 40



"In a preferred enbodi nent, the codes are witten repeatedly on a | arge
nunber of spiral tracks within the CSS zone such that, given the nechanical
tol erance of the disk drive, the read head is guaranteed to be over part of
the coded CSS zone when the disk drive read head is |atched over the CSS
zone. It is desirable that no servo circuitry be needed to keep the head

| ocated over the disk ID |aser bunps. Ratfer, the head is allowed to be

| ocat ed anywhere in the encoded region and the actuator is kept at a fixed
radius without the feedback fromthe servo system being required. I n
order to Buepsraredusastior thrfaursio-pibsymbols Sinea @neoetationef eemmanemagnetic

matter wh ' ead. - {s.] .dis | S 4
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While the invention has been particularly shown and described with reference to
a preferred embodiment, it will be understood by those skilled in the art that various
_ changes' in form and detail may be made therein without departing from the spirit and .
scope of the invention.
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by those skilled*incthe #rtsSthat various changes in fofm an g
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1. A magnetic disk for use in a storage device conprisi ng. a

circul ar substrate; a pl anar Iay'é’r of magnetic material parallel to
a surface of the substrate and a plurality of nonmagnetic nmarks on
the surface arranged to encode sel ected i nformati on. 2. The
magnetic disk of claim1 wherein the nonmagnetic marks further conprise
bunps in the substrate under the nmagnetic |ayer. 3. The magnetic disk of
claim2 wherein the bunps are formed igp Mgrcul ar band on the substrate.

4. The magnetic disk of claim2 wherel nt bunmps forma plurality of

synbol s which are conposed of a predeterm ned nunber of bunps 5. The
magnetic disk of claim2 wherein the bunps forma plurality of synbols

whi ch are RLL encoded synbol s. 6. The nmagnetic disk of claim1 wherein

t he nonmagneti c marks conprise oxidized areas in the magnetic |ayer. 7.
The magnetic disk of claim 1l wherein the nonmagnetic marks conpri se spots
havi ng 4. Acstosage devige\domprisirng:det ectably not equal to the reflectivity of
adj acent materi neti erein the

of cl ai )
nonmagnet i ¢ r?a?'ﬁk%%sf’#ﬁ%@a iﬁ%ﬁ& W’iet\?ﬁ:'{"nﬁtleé'amﬂaser.

a plurality of nonmagnetic marks on the surface arranged to encode selected
information; and |
means for rotating the disk.

2. The storage device of claim 1 further comprising:
means for reading the nonmagnetic marks; and
means for converting the nonmagnetic marks into the selected information.

3. The storage device of claim 2 wherein the means for reading the nonmagnetic marks
further comprises a read head positionable over the nonmagnetic marks while the disk
is rotating.

4. The storage device of claim 1 wherein the nonmagnetic marks comprise either
’ bumps, oxidized areas or spots having a reflectivity which is detectably not equal to the
reflectivity of adjacent material.

5. The storage device of claim 1 wherein the nonmagnetic marks comprise bumps ina
contact start/stop (CSS) zone of the disk and the device further comprises a slider and

- 'means for moving the slider to the CSS zone during a power down sequence whereby
the slider will be in contact with a plurality of bumps when the disk is not rotating.

This Sheet Has Been RTlaced
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I,
conpri si ng: * feahs ¥or® ré&adi ng the nonnmagnetic. SINELT, A
means for converting the nonmagnetic nmarks into the sellegt edeEE EMati_on:-
11. The storage device of claim10 wherein the neans for reading the
nonmagnetic marks further conprises a readvhead positionabl e over the
nonimagnetic marks while the disk is rotating 12. The storage device of
clainms 9 wherein the nonmagnetic marks conprise either bunps, oxidized
areas or spots having a reflectivity which is detectably not equal to the
reflectivity of adjacent material. 13. The storage device of claim9
wher ei n t&eThe dexipecof clainmbliwhareimpthietrintpsfosmi an phurality tod sy mbiods whighogre( CSS)
zone of the disk,and th evice furbher conpri ses a slider and nmeans for
novi ng th‘éo"EPPﬁ%?-O?é qrﬁge INehRURRES ofPUMBRwer down sequence whereby t he
slider wwll be in contact with a plurality of bunps when the disk is not -
rotating. 14. The device of claim 13 wherein the bunps forma plurality

of synbol & The sleviaecofclaipy & avheseinthphumpssionm plurality @f symbolswhich areRLIhe
devi ce of ' rein the bunps forma plurality of synbols which are
RIS SyiBOR. |

RLL -enco 16. The device of claim9 further conprising:

means for comunicating with a host conputer; means for receiving
identifying information fromthe host conputer; . means for storing
t he i dent8.f The gevicewfalaini fusthersonapriging.e st orage; and - nmeans for

transm tting t fendSt bhmhAMiddting th bHbst Bobpfediost computer
means for receiving identifying information from the host computer;
means for storing the identifying information in nonvolatile storage; and
means for transmitting the identifying information to the host computer.

- 9. A magnetic disk for use in a storage device comprising:
a circular substrate; _
a planar layer of magnetic material parallel to a surface of the substrate; and
a plurality of nonmagnetfc marks on the surface arranged to encode selected
information.

10. The magnetic disk of claim 9 wherein the nonmagnetic marks further comprise
bumps in the substrate under the magnetic layer.

11. The magnetic disk of claim 10 wherein the bumps are formed in a circular band on
the substrate. '

. 12. The magnetic disk of claim 10 wherein the bumps form a plurality of symbols which
are composed of a predetermined number of bumps.

13. The magnetic disk of claim 10 wherein the bumps form a plurality of symbols whicr~1
“are RLL encoded symbols.
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17. A nethod of orage device conpri si W =—0f
using a | aser todﬂlrI!nH“aﬂLl!“lH!,HJw of nonmagnetic gr ks Eé’égéscﬁﬁg
magnetic di sk the nonmagnetic marks being arranged to epcode RRRLAGERd
I nformati on; assenbling the magnetic disk into a storage device

havi ng commhi cation el ectronics; 12eadi ng the selected information

fromthe magnetic disk; and storing the selected information in the
storage device in nonvol atile storage. 18. The method of claim 17 wherein

t he reading_ste erf by a manu cturing apparatus which is. not
par t | of (e Theagaele HeOtran RIRIBRBSMAIa Sl parscoT TGS PRt
transm ttd.g st"bméﬁ{a%q;{eggm*g,ornatlon to the storage device. 19. The
met hod of claim 17 whierein the nonnmagnetic marks are bunps. 20. The

met hod of claim 19 wherein the bunps are |l ocated in a cont act st art/stop
zone on e ﬂ?egrrﬁ%tgh%tlg sk of claim 9 wherein comprise spots having a reflectivity which is
detectably not equal to the reflectivity of adjacent material.

16. The magnetic disk of claim 9 wherein the nonmagnétic marks were formed by

heating spots with a laser.

17. A method of manufacturing a storage device comprising the steps of:
using a laser to form a plurality of nonmagnetic marks on a surface 6f a
magnetic diék, the nonmagnetic marks being arranged to encode selected information;
assembling the magnetic disk into a storage device having communication
electronics; '
reading the selected information from the magnetic disk; and ' ,
storing the selected information in the storage device in nonvolatile storage.

18. The method of claim 17 wherein the reading step is performed by a manufacturing
apparatus which is not part of the storage device and the method further comprises the
step of transmitting the selected information to the storage device.

19. The method of claim 17 wherein the nonmagnetic marks are bumps.

20. The method of claim 19 wherein the bumps are located in a contact start/stop zone

on the magnetic disk.
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