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» -1- ADAPTI VE TRACK COUNT DETERM NATI ON FOR A SELF- SERVOMNRI TTEN DI SK DRI VE
FI ELD OF THE | NVENTION 5 The present invention relates to self-servowite
processes, and nore particularly, this invention relates to one pass
self-servowite processes to achieve a desired nunber of tracks given the
head wi dth variation and nechani sns i nplenenting such processes. 10
BACKGROUND OF THE | NVENTI ON A typical disk drive storage systemincl udes

one or nore netic dis whi ch re mounfed for co-rotation on a hub or
spindie. A tyDIOAPIIHETRAGKCOUNTD BT RMINATIGNFOReA by
hydr odynam ¢ bearing which flies above each magnetic disk. 15 The
transducer and the hygty ) | ' collectively referred
to as a data head orgﬁgﬂmmmﬁmmmm conventional ly
used for controlling the disk drive based on commands received froma host
system The drive controller controls the disk drive to retrieve

I nformation fromthe nagnetic disks and to store information on the
magnetic di sks. An el ectronechaphﬁdq\,l()mu%rat es within a negative

f eedback, 20 cl osed-1oop servo SyS data head radially or
linearlsy over the disk surface for track seek operations and holds the
transducer directly above a desired track or cylinder on the disk surface

for trackfollqiognpq_ ogerations. )
e present invention relates to self-servowrite processes, and more particularly, this

invention relates to one pass self-servowrite processes to achieve a desired number of tracks

given the head width variation and mechanisms implementing such processes.

10 BACKGROUND OF THE INVENTION

A typical disk drive storage system includes one or more magnetic disks which

are mounted for co-rotation on a hub or spindle. A typical disk drive also includes a
transducer supported by a hydrodynamic bearing which flies above each magnetic disk.

15  The transducer and the hydrodynamic bearing are sometimes collectively referred to as a
data head or a product head. A drive controller is conventionally used for controlling the
disk drive based on commands received from a host system, The drive controller controls
the disk drive to retrieve information from the magnetic disks and to store information on
the magnetic disks. An electromechanical actuator operates within a negative feedback,

20 closed-loop servo system to move the data head radially or linearly over the disk surface
for track seek operations and holds the transducer directly above a desired track or

cylinder on the disk surface for track following operations.



»-2- Typically the magnetic disks 2 also conprise servo sectors 18 which are
‘recorded at a regul ar interval -and interleaved with the data sectors 12, as
shown in FIG 1. A servo sector, as shown in FIG 2, typically conprises a
preambl e 20 and sync mark 22 for synchronizing to the servo sector; a
servo data field 24 conprising coarse pgsition 5 information, such as a
Gray coded track address, used to determne the radial |ocation of the

ad with res . I | §.t f, tracks:; and a pluraljty of servo
head WL T eSPORip A EPABER it st LR P P Y i
centerli nes whi (ih provide fine head position information. Wen witing or
readi ng dat'd et %"e‘B'i?BV aband migricaved with thedatasectose k2, asshewnin BIG. tlo Apsesiat | on
the head over a desired track; as the head traverses radially over the 10

recor di ng sseiof.a8 showmin G2, bpitetly complisaddireantis 20and bgncRake0pE a fiel d
24 provide coarse position information for the head with respect to the

current angnélabmieing!ts Bkservo¥eeidriNENERRa ﬁ&ﬁ%%ﬁg%%%?ﬁé ptggéﬁ% : bb :‘g ‘s 26

servo controller perfornms a tracking operation \ the head over the
rovi de fi: Lt | nf ti used .to maintapn e head,. )
genter?inéﬂgy&@%g£5@gk Qﬁgﬁﬂﬁngfg?éﬁ dﬁ?@émﬁgkﬂéﬁﬂﬂnﬂﬁﬁff@hﬂﬂeuﬁwﬂPéad
fromthe ecor.di ng surface, ten, the servo i _nformatl on used by the
servo sys'gtg‘?ri;er i F it pinrelpiy ofifraeks; ang 4 plusalitylof semgp bumsisRéateardedof t he
di sk drive nodul e using a process sonetines referred to as servo witing.
I n a typi @hprepisg interapls apd otfeets fromeihh trdcls éentidrlings wkich pRovide filidagd to a
servo witer support assenbly which precisely |ocates the disk surfaces
rel ative tposition information. When writing or reading data, a servo controller performs a "seek”
operation to position the head over a desired track; as the head traverses radially over the
10 recording surface, the Gray coded track addresses in the servo data field 24 provide
coarse position information for the head with respect to the current and target track.
When the head reaches the target track, the servo controller performs a tracking operation
wherein the servo bursts 26 provide fine position information used to maintain the head
over the centerline of the track as the digital data is being written to or read from the
15  recording surface.
Often, the servo information used by the servo system is prerecorded on the disk
surfaces during manufacture of the disk drive module using a process sometimes referred
to as servo writing. In a typical prior art process, each disk drive module is mounted to a
servo writer support assembly which precisely locates the disk surfaces relative to a
20 reference or origin. The servo writer support assembly supports a position sensor such as
laser light interferometer (for detecting the position of the actuator which locates the

heads that perform servo track writing), and a push pin, driven by a servo writer voice

coil, which positions the actuator itself. The position sensor is electrically inserted within



20 reference or origin. The servo witer support assenbly supports a
position sensor such as |laser light interferoneter (for detecting the
position of the actuator which |ocates the heads that perform servo track
witing), and a push pin, driven by a servo witer voice coil, which
positions the actuator itself. The positi-on sensor is electrically inserted
within -3- the disk drive's negative feedback, closed-1oop servo system for

provi di ng e giskideive's hBERVETEAIBRCK, elo%&tal]eﬁrsmo%y&&ﬁ%i’\ﬁobﬁ Oéfosf’t% yo data is

being witten to the disk surfacés servo witer supp ssenbly may

al so supp ran L.te cl ock pattern onto
fhe di sk Snrrmedon K shS abR IR sra.fify iding e femto e ok swrianeea

about the |rcurrf erence of each track A cleanroomis required during the
servo wri t1FgepookRss supportiassanat! Y m#yialee supperirb clock saiter transtucenmbizl ed t o
allow the clock head, push pin and | aser to access the actuator and di sk.

This is tomrmeeae}wkpattam@hm the diskanifact wich tiiised gorxemporally ispa th§erV0
track witers and cl eanroom processes are very costly. 10 Anot

t echni gue sfip dakd éﬂoﬂgﬂfé%ir\éﬁmfd?érﬁ'é@%é&rhd&e dplﬁéaﬁ:d%h?i‘sr @H uhﬁgltl];e towite

the servo information in situ. In situ recor ng neans servo

patterns asse ed IV usm the product head.
Thi s proce%é% i'S g‘f@ﬁlg?%s?errgdmfd Ve 4s56mm ly?@?‘iﬁ&ﬁﬁle eth'I alpw the clock

sel f - servg)g te process t he product actuator is used to make the steps
and the p F‘i’lpé‘ﬁhg WA9d laser tossess thenasiuatorsmd diske Thisgata prevent guttickf t he head.
The 15 spaci ng between tracks and thus the nunber of tracks per inch is a
function cbntamindtieadluring servo writing. Servo track writers and cleanroom processes are very

costly.

10 Another technique for writing servo information uses the disk drive itself to write
the servo information in situ. In situ recording means that the servo patterns are recorded
on a fully assembled drive using the product head. This process is also referred to as self-
servowriting. In the self-servowrite p‘rocess, the product actuator is used to make the
steps and the position steps are bootstrapped off the magnetic width of the head. The

15  spacing between tracks and thus the number of trac_ks per inch is a function of the head
width itself. Wide heads produce larger track spacings and narrow heads produce smaller
track spacings. With a fixed mechanical distance from the inner diameter (ID) to the
outer diameter (OD) on a disk drive, the wider track spacings produce less tracks and the
narrower tracks spacings result in more tracks. One may produce fewer tracks than is

20  required for the product format. The other may produce far more than required and make
the areal density too stressful.

On most drive programs that use the self-servowrite process, a two pass process is

used to obtain the correct number of tracks for the desired format. In that process, the first



:width itself. Wde heads produce | arger track spacings and narrow heads
produce smaller track spacings. Wth a fixed nechani cal distance fromthe
_inner diameter (ID) to the outer diameter (OD) on a disk drive, the w der
" track spacings produce less tracks and the narrower tracks spacings result
in nore tracks. One may produce fewer t-rdacks than is 20 required for the
product format. The other may produce far nore than required and make the

areal denspisy iR t§%€t?ﬁ§ﬁ‘&ﬂk cotftsTBSthe BiveX Qidh O R15 (AL g'ga?gsl rﬁ?htge correct

self-servowite proCess, a two pass pfocess Iis used 10

nunber of tracks f.or the.desir.ed formt. .. t ha rocess, the first -4-
pass is ru(%r“t?eolS 3%%‘“??%‘5"%’?&81& ﬂﬁ:tggmesus]m&a qlfL‘Fgre& vaisRRCIB g achisvathe  Once
that is dope, the_ drive is again servowitten, this time using a different
relative Hehiagkcoyptlsi Hseot diavo prss prosesstobyisskyalombles thestestdimesartdvibe pass
process obviously doubles the test tinme and the nunber of servowiters
requi red fromber pfsdarvewtiters requigidafor a paribalar pogi@eded is a one pass

sel f-servowite process capable of achieving the desired track counts on

the di gk drive Whafi§AEERAISS bnd pAEE sARIrINNAR proless \rﬁgygqo'etéai%fél%ﬂng the | he

Additionally, use of a self-servowite process Is

drive doesyho eed to be open.and therefore can be run outside of the

cl ean roo rrdlegﬁésq ﬁ‘b&l cuus 8?3%?1@?’6 drive E’C‘F&‘"ﬁ test fie andmumbep of seyvoyvmitees.

conventional servo track witer cost. 5 SUMMARY OF THE | NVENTI ON
Additionally, use of a self-servowrite process is more desirable as the drive does not need

to be open and therefore can be run outside of the clean room, using less expensive

factory space. It also saves the conventional servo track writer cost.



. The present invention solves the problens described above by providing a
system 5 and process for constructing a magnetic storage drive capabl e of
single pass self servowiting. A plurality of heads are sorted, or
"binned,"” into classifications based on at |east an approxi mate magnetic
w dth of each head. Only heads froma sisngle classification are installed
in a particular disk drive system A track overlap value is cal cul ated,
preferably enpirically, for the approxi mate nagneti c wi dths of typical
heads 10 in the single classification. The overlap value is used to
determ ne a track spacing utilized during a self-servowiting process. In
particular, the track overlap \BUMMARY OF THEINVENTION f ect the track pitches
applied to the drive system According to another enbodi nent, a system and
process for selecting desired average estimted overlaps for different
sizes of heads is provided. In this enbodinment, at 15 | east an approxi mate

magneti c w dt h Tok padschiia®éntRABIVRE e g)?%ﬁléﬁls Hé%np%i %@g%gip%o& g E}S%- The

heads are sorted into classificatlion ased on e magnetic B
track ever, s selected for. each classificatjqon based on the
appr ox?rrata{é&ﬁléo\gégéesﬁls ECOD\XAEHYW iraghruc ﬁ&%&e c"’l”é’éﬂ?ﬁ%?é@%ﬂ? Pasitsen and t he
resul tant track .counts obtained after the self-servowite process is

conpl et ed SCYOVRURG g Blurelity b heags atssorted ardbitmed,” dito slassjifieatims based on at
self-servowiting includes magnetic nedia and at | east one head for

readi ng f least arapproiimiaegnagnetibridth ofiedchthend iy hekRForh aathghas been sorted
into a classification based on at |east an approxi mate magnetic w dth of

each head clabsifiéaiok oY Mislafed Al bitibflir difiearttesytell, SXAAbVAAR, D5iG0;SC! ect ed

calculated, preferably empirically, for the approximate magnetic widths of typical heads

10 in the single classification. The overlap value is used to determine a track spacing utilized
during a self-servowriting process. In particular, the track overlap values are used to
affect the track pitches applied to the drive system.

According to another embodi;rlent, a system and process for selecting desired

average estimated overlaps for different sizes of heads is provided. In this embodiment, at

15  least an approximate magnetic width of at least some of a plurality of heads is
determined. The heads are sorted into classifications based on the magnetic widths. A
track overlap value is selected for each classification based on the approximate magnetic
widths of the heads in each classification and the resultant track couﬁts obtained after the
self-servowrite process is completed.

20 A magnetic storage system capable of single pass self-servowriting includes
magnetic media and at least one head for reading from and writing to the magnetic media.
Each head has been sorted into a classification based on at least an approximate magnetic

width of each head. A track overlap value for the classification has been selected based



. -6- on the approxi mate magnetic width of each head in the classification,
wherein the overlap value is used to determne a track spacing during a

- self-servowiting process. A slider supports each head. A control unit is
* coupled to each head for controlling operation of each head. 5 In any of
t he enbodi nents above, the overlap val ug(s) can be calculated fromthe
equation: OL = ((Tr/TP + TW TP) -1) / (TrITP) 10 where: COL = overlap

value. Tr = |1} ' read head. .Tw = | i,tude of one of a
bar st s, oty FERbY R BRI dth 8B hontiR e ctisisoafiaR sonsfia e etee o)
can al so be calculated by witing a servoburst on a given track of a disk,
witing a V?B’(,edﬁﬂs@eti;’\‘ilﬁﬁﬂﬁg’le adfack SpacdeduringeselfoferavaitingaNocasem ebideng a r ead
head over a gap between the two servobursts, readi ng nagnitudes of the two
ser vobur stsyppartsiaagh heesl. Acwoaitrobumdt isaddpled td dueh Meghior veefoliifig bpatiodof
servobursts, and dividing a sumof 20 the servoburst nmagnitudes by an

anpl i t ude eaktt Réaded by centering the read head over one of the servobursts
and taking a reading.

5 In any of the embodiments above, the overlap value(s) can be calculated from the

equation;
OL = ((Tr/TP + Tw/TP) - 1} / (Tr/TP)

10 where:
OL = overlap value.
Tr = amplitude obtained by a read head.
Tw = amplitude of one of a b.ursts. and
TP = total amplitude of a cylinder.
15
The overlap value(s) can also be calculated by writing a servoburst on a given
track of a disk, writing a second servoburst on a second track of the disk, centering a read
head over a gap between the two servobursts, reading magnitudes of the two servobursts
using the read head, adding the magnitudes of the two servobursts, and dividing a sum of

20 the servoburst magnitudes by an amplitude obtained by centering the read head over one

of the servobursts and taking a reading.



. -7- The approxi mate nmagnetic w dths of the heads can be determ ned by
testing the heads. The approxi mate nagnetic w dths of the heads can al so be
~determined from neasurenents of a wafer on which the heads have been
“formed. 5 8 BRI EF DESCRI PTI ON OF THE DRAW NGS For a fuller understanding of
the nature and advantages of the present?7invention, as 5 well as the
preferred node of use, reference should be nade to the follow ng detailed

af

description re i Y i M, I he.,acconmpanyi dr awi, ngs. ..Fl 1
shows a typi calaﬁgéo{‘bl?g(?n Oﬁ%#@l%ﬁ(‘é‘?ﬂé@héaf@g@ga (fﬁB%FggWHmé'eﬂSglt%?Fng €of
radially age(rhlgconcentri c data tracks partitioned into a nunber of data
sectors anCEnPERRGXURIG ragaelicovdthsnt ads e ¢lsp bodetprrived Homwr t he di sk
surfaces while seeking 10 and tracking. FIG 2 shows a typical fornmat of
an enbeddeneassromentsarftaovaferorGyhiRhitbe beatds havediden famskdsi npl i fied verti cal
sectional view of a rigid magnetic disk drive unit enbodying the present
invention. FIG 4 is a top plan view of the structure shown in FIG 3. 15
FIG 5is a flowdiagramillustrating a nethod for cal cul ati ng average
estimatsed overlaps for different sizes of heads.



tFigure 6 illustrates a flow chart of an illustrative process for
determning the overlap for a particular classification of heads. FIG 7

. graphically illustrates an exenplary run of the process of FIG 6. 20 FIG

"8 depicts a flow diagramillustrating a method for creating a hard drive
syst em capabl e of self-servowiting in-ére pass, FIG 9 is a representation
of a cross section of a magnetic disk nedia, indicating areas witten to
during a one pass self-servowite process. -9 BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON The follow ng description is the best enbodi ment presently
contenplated for 5 carrying mkr beScRiv Fjrﬁl\f ti‘,g This description is
made for the purpose of iIIlIm‘mn'ng—i@%?mrgk—Am-&ﬁgi pl es of the present
invention and is not meant to limt the inventive concepts clained herein.
Referring now to the drawi ngs wherein |ike reference nunmeral s designate
like or simlar parts throughout the several views there is illustrated in
FIG 3 a cross-KEatfilderainderstandingpf she naturp and adviintagesiaf the prasenigavaitiok, ar i ve
system 30 including a rigid magnetic disk drive unit generally designated

as 32 and weltanthe ptefernid modeief k) ifedar ghaile Be asadddo tATHIIGwing deBgREt i ¢ di sk
drive unit is illustrated, it should be understood that other nechanically

movi ng rrem@gdﬁﬁ@ﬁfrgﬁqﬁQbhﬂﬂaimtﬁglethggan}g%{%f%g%gﬁsi | lustrated in

sinmplified form sufficient for an unders he present invention
because the ut 'I}IGF ¥sﬁ)¢;w§ Q %rpli)cra??oenqat for of a disk surface comprising a plurality of

radially spaced, concentric data tracks partitioned into a number of data sectors and
embedded servo sectors for positioning the heads over the disk surfaces while seeking
10 and tracking.
FIG. 2 shows a typical format of an embedded servo sector.
FIG. 3 is a schematic and simplified vertical sectional view of a rigid magnetic
disk drive unit embodying the presen.t invention,
FIG. 4 is a top plan view of the structure shown in FIG. 3.
15 FIG. 5 is a flow diagram illustrating a method for calculating average estimated
overlaps for different sizes of heads.
Figure 6 iltustrates a flow chart of an illustrative process for determining the
overlap for a particular classification of heads.
FIG. 7 graphically illustrates an exemplary run of the process of FIG. 6.
20 FIG. 8 depicts a flow diagram illustrating a method for creating a hard drive
system capable of self-servowriting in one pass,
FIG. 9 is a representation of a cross section of a magnetic disk media, indicating

areas written to during a one pass self-servowrite process.



: 15 invention is not limted to the details of a particular drive unit
construction. After data storage disk drive system30 is conpletely

. assenbl ed, servo information used to wite and read data is witten using
“the disk drive system 30. Referring nowto FIGS. 3 and 4 of the draw ng,
disk drive unit 32 includes a stack 369cef disks 38 having at |east one
magneti c surface 40. The disks 38 are nounted in 20 parallel for

si mul t aneous rotation on and by an integrated spindle and notor assenbly
46. Data information on each disk 38 are read and/or witten to by a
correspondi ng transduqﬁgrsT 89 he di sk surface 40. In a
di sk drive using a dedi=3 ' oimamiyae 3 SRAA the disk surfaces
40' stores servo information used to Iocate |nfornat|on and data on the
ot her di sk surfaces 40. Transducer heads 48 are nounted on flexure springs
50 carried by arns 52 ganged together for sinultaneous pivotal novenent
about a suppor iThepolavieg Gdscriptien o ths best embodimenPpiesaitlydRateniplf¥d fSi on 56
driven in a pivotal notion by a head drive notor 58. Although several

drive §rrangAngBusths pReseRTHRMMn Uﬂﬁ?de&ﬁﬁtl NBadRGolME F@ﬁ)(séjgfﬂﬁstéﬁ/ QlzCce

coil notor 60 cooperating with a nmagnet an core assenbl

operative novLn t he transducer headqs 4 ‘nchroni sm
in a radi g?é%?ﬁr ec I(?llléni LP Béefse?gn c&gf) ‘ﬂlstnr‘? H}?éa*dgq&fwtﬁ@ é{?i on with
data information tra‘ng or data cylinders 10 62 to be foll ovved and access
parti cul afoResPY clamed hereyy Al t hough a rotary actuator is shown, it shoul d

be understood that a disk drive with a Iinear actuator can be used. Data
Referring now to the drawings wherein like reference numerals designate like or

similar parts throughout the several views there is illustrated in FIG. 3 a cross-sectional
10 diagram of parts of a data storage disk drive system 30 including a rigid magnetic disk
drive unit generally designated as 32 and a control unit generally designated as 34. While
a magnetic disk drive unit is illustrated, it should be understood that other mechanically
moving memory configurations may i)e used. Unit 32 is illustrated in simplified form
sufficient for an understanding of the present invention because the utility of the present
15 invention is not limited to the details of a particular drive unit construction. After data
storage disk drive system 30 is completely assembled, servo information used to write
and read data is written using the disk drive system 30.
Referring now to FIGS. 3 and 4 of the drawing, disk drive unit 32 includes a stack
36 of disks 38 having at least one magnetic surface 40. The disks 38 are mounted in
20  parallel for simultaneous rotation on and by an integrated spindle and motor assembly 46.
Data information on each disk 38 are read and/or written to by a corresponding

transducer head 48 movable across the disk surface 40. In a disk drive using a dedicated



:storage disk drive system 30 is a nodular unit including a housing 66. The
various conponents of the disk drive system 30 are controlled in operation
_ by signals generated by control unit 34 such as notor control signals on
“line 46A and position control signals 15 on line 58A. Nunerous data

i nformation tracks 62 are arrayed in a-doncentric pattern in the nagnetic
medi um of each di sk surface 40 of data disks 38. A data cylinder includes a

Set O oo B agey el BLR O 3R 08 Bl 031 2ccs 40

in the data storage rive system3

I ncl ude a H‘kMBB#‘XP(gfgﬁ‘%?’ﬂg%n&g?rgﬁijf}gsat?acésgi ectors 64 each for containing a

predefined size 0 records which are saved for
| ater retrieval_and updates. The data information tracks 62 are disposed
at predeterni neEmﬂwcFﬁhﬁﬂgs 8 per nguntedvors Bexuse springs Shtcaned lyuchss2 a servo
reference index. In FIG 4 one sector 64 is illustrated as SECTOR O with a

fixed i ndeganged topéthenfor kinhNEnXosqivetaiapevdnyent B5ciit a RpAdEsHind1s 54 d8hSpSeCt OF -
The | ocation of each next sector 64 is identified by a sector

i dent i f5 cathb afind 3 AbuA SPeX 8RS0 56 &ﬁ@e?ﬁg g%‘?&otﬁl%ff&ﬁonﬁ ie%é) \Arive ax‘ioe%gresss. 40,

40'. Due to head tolerances, the number tracks wri
el - or vou RS U E R hens B opihimaly Wl b er Thepvagdeunt s, as
oncer on OitsroTEHal 6 G Shermeivit: siapy Ao commscbl (ot oampopamiety Lo
perform controlled for moving the transducer heads 48 in synchronism in a radial direction in
order to position the heads in registration with data information tracks or data cylinders
10 62 to be followed and access particular data sectors 64. Although a rotary actuator is
shown, it should be understood that a disk drive with a linear actuator can be used. Data
storage disk drive system 30 is a modular unit including a housing 66. The various
components of the disk drive system'30 are controlled in operation by signals generated
by control unit 34 such as motor control signals on line 46A and position control signals
15  online 58A.
Numerous data information tracks 62 are arrayed in a concentric pattern in the
magnetic medium of each disk surface 40 of data disks 38. A data cylinder includes a set
of corresponding data information tracks 62 for the data surfaces 40 in the data storage
disk drive system 30. Data information tracks 62 include a plurality of segments or data
20 sectors 64 each for containing a predefined size of individual groups of data records
which are saved for later retrieval and updates. The data information tracks 62 are

disposed at predetermined positions relative to servo information, such as a servo

reference index. In FIG. 4 one sector 64 is illustrated as SECTOR O with a fixed index or



:self-servowiting: one pass to calibrate, and a second pass witten with
about the correct nunber of tracks. 10 The various enbodi nents of the
_present invention provide a self-servowite process that achieves the

" desired track counts on the disk drive in only a single pass. Mire
particularly, this invention provides pldecesses for adaptively affecting
the nunber of tracks witten to achieve the desired fornmat. The processes

utilize semerkabEFRIX fortiraperdt looatidas tird AsaREQbARKE 16@98&5%8% 'ngﬁﬁ%ct%i the

heads to nodify the track overlaps 15 as appropriate Tor eac rive. This

provi des ftgexi:hili - M LR var yi head net i trac i dt hs.
Servour ¢ &4 Safunified by 6B} idbhf e 1508 plEireaNe) BinsducsroBalsl

manuf acturin e%i gérpnt expense is al so reduced. The sinplicity of this
system na ¥ eS8y to inplenment into the nmanufacturing environnent.
Additionally, use of the self- servowite process is nore desirable as it
is run outside e tOH@adIthemnm&soﬂmammmsdslrdckswrmﬁndnﬁﬂglsélﬂgar@@ﬁﬁ&ig' space.
In FIG 5, there is showmn a flow diagramillustrating a method for

cal cul 8t i ngriagslgnifeaityiAsmenionsR LSOy It aRvolife fblehRlod st Mk Neads,
according to one enbodi nent. -12 These overl aps can then be us o affect

thetrackﬁﬁm%g&mbﬁ]ﬁh : [tten tracks., At bl ock 8Q,
experiments aresper?orma Eswgs'tﬁg%nfln@;eea gén0¢§0§§ﬁ§ﬁuﬁéh§&5ﬁ%rpfuaaﬁsms to
obtain a desired track .count. I.n a typical run, the magnetic width of a
head is fich is 3 funiction of?he ead \mgth 1tse%.p'1he prior art requires tw% passes to perform

self-servowriting: one pass to calibrate, and a second pass written with about the correct
number of tracks.
10 The various embodiments of the present invention provide a self-servowrite
process that achieves the desired track counts on the disk drive in only a single pass.
More particularly, this invention provides processes for adaptively affecting the number
of tracks written to achieve the desir;ad format. The processes utilize send-ahead
information about the probable magnetic widths of the heads to modify the track overlaps
15 as appropriate for each drive. This provides flexibility to deal with varying head magnetic
track widths. Servowrite test time is reduced by use of a single pass process and
manufacturing equipment expense is also reduced. The simplicity of this system makes it
easy to implement into the manufacturing environment. Additionally, use of the self-
servowrite process is more desirable as it is run outside of the clean room and uses less
20  expensive factory space.
In FIG. §, there is shown a flow diagram illustrating a method for calculating and

assigning estimated overlaps for different sizes of heads, according to one embodiment.



.5 nmeasured. Various track pitches are applied until the desired track count
Is obtained. Then, the track overlap is calculated for that particul ar
~width of head. Figure 6 illustrates a flow chart of an illustrative process
“for deternmining the overlap of a head allowing it to be classified. At
bl ock 102, a servoburst is witten on al2given track. At block 104, the
test head steps forward a predeterm ned percentage of the 10 previ ous track

(appr oxi ”Wflfeké/ oy ?Qt\ﬂd t'ﬁglﬁ’f)é klseldr{ Lfb& tﬁé(ﬁg% ﬁtchtarﬂ ﬂ;hsallﬂe Stc{f\ﬁ-lr%er Vo

tracks (1 cylinde a secon servo R the
new tracktra bl ock 108, the read head is centered over the gap between
the two buPst. The magni tudes of the two bursts are read at bl ock 110,
and added together at_ block 112. The sumof the two nagnitudes is divided
by the anplit udd Mmkaﬁméap%ynwéppﬁqmmmmhhaaﬂsmfd:ffmg r&gnefic t he
bursts. Note block 114. The result is the overlap. Equation 1 may al so be
used to caridih 4 ebthine desized track (Gunt I 6 TypiddPrun, Mlﬁﬁ’énetl&)mﬂth(o-ﬁa/hgﬁ)a isEquation

| 20 where: OL = overlap Tr = anplitude obtained by the read head Tw =
anpl i t side nfasitB@ Wiridub &rablpiidte it der FIG
7 graphically illustrat gs an eig&?ﬁ gr §¢ﬂ§&%d%?éhg%§g§%@igf°@ﬁffa As

Then, the track overlap is calculated for that particular width of head.
Figure 6 illustrates a flow chart of an illustrative process for determining the
overlap of a head allowing it to be classified. At block 102, a servoburst is written on a
given track. At block 104, the test head steps forward a predetermined percentage of the
10 previous track (approximately one cylinder). In this example, the head steps two servo
tracks (1 cylinder). At block 106, a second servoburst is written on the new track. At
block 108, the read head is centered over the gap between the two bursts. The magnitudes
of the two bursts are read at block 11;), and added together at block 112. The sum of the
two magnitudes is divided by the amplitude obtained by centering the read head over one
15  ofthe bursts. Note block 114. The result is the overlap.

Equation 1 may also be used to calculate the overlap.
OL = ((Tr/TP + Tw/TP) - 1) / (Tr/TP) Equation 1

20  where:
OL = overlap
Tr = amplitude obtained by the read head

Tw = amplitude of one of the bursts




. shown, a first servoburst 132 is witten on a given track. A second
servoburst 134 is 5 witten on a second cylinder. The read head 136 is
centered over the gap between the two bursts. In this exanple, assune the
following data: Burst 1 anplitude = 2 Burst 2 anplitude = 2 Anplitude sum
= 4 10 Full burst anplitude =5 Overlap3= 4/5 = 0.8 O using the equation:
O =on +6/7) - 1)/ (517) =((5+6) - 7)1(5) 15 =(11-7)/5 =4/5 = 0.8

Wth continued TFT:%EP&‘ﬁgﬁﬁd%:B& flind%% bl ock 82, the overlaps cal cul ated as

above 20 for a given classifrcation of heads (e.g., narrow, nom nal, w de)
are stored in a table or are otherwi se recorded. One such table is shown
below. In this exanple,” overlaps for drive configurations with one and two
heads are stored for each of the three illustrative wdth classifications.
-14 FIG. 7 graphically illustrates an exemplary run of the process of FIG. 6. As

shown, a first servoburst 132 is written on a given track. A second servoburst 134 is
3 written on a second cylinder. The read head 136 is centered over the gap between the two
bursts. In this example, assume the following data:
Burst 1 amplitude = 2
Burst 2 amplitude = 2
Amplitude sum = 4
10 Full burst amplitude = 5
Overlap = 4/5=0.8
Or using the equation:
OL =((5/7+6/T)-1)/ (5/7)‘
=5 +6)-7/(5)
15 =(11-7)/5
=4/5

=0.8

With continued reference to FIG. 5, at block 82, the overlaps calculated as above
20  for a given classification of heads (e.g., narrow, nominal, wide) are stored in a table or
are otherwise recorded. One such table is shown below. In this example, overlaps for

drive configurations with one and two heads are stored for each of the three illustrative

width classifications.



. Table 1: Exanple Self-Servowite Overlaps NarrowNom nal Wde One
head0. 840. 900. 93 Two headsO0. 840. 900. 96 Now that the overlap for given

cl assifications of heads have been calculated, they 5 can be used to

- affect the track pitch for a particular drive using heads of a particular

classification, and thus the nunber of-Mritten tracks in the drive. Note

bl ock 90. This allows placenent of a consistent nunber of tracks on all

heads, and thus a consistent capacity. For exanple, if the magnetic w dths

of the heads are wider than normal, the tracks can be pushed cl oser

together. Likewise, if t of t.he he ds are 10 nore narrow

than normal, the tracks ﬂi‘ﬂ”ﬁg%ﬂfd%g‘iﬁﬁ‘é‘fwa ‘ﬂ?sl or to begi nning

manuf act yre of the storage systens hl ock 84, the pproxi mat e and/ or

act ual gnetic w dths df headiarew vary ng phpsiioal and magn®tide w dths

are detenm ned, such as [fromthe manufagturing neasurements of the
recordi ng Oﬁeeﬁdd; For exanpl e, ot§ae w dt hs can ¢ogp det ermi ned piggm samnpl es

and/or frrom 100% 15 magnetic testing. Ih the case whergq only sarrpl ed

magnet i ¢ [§fFhdads VAl | agi &; Lrlﬁ ZPPT OX| et e nete waf er
or wafer |segnent inforngtion can be ut|lized. us, the app 3Ri mat e
nechanl cad and ncagnaflr\ \I\‘ I‘H‘ hc nf |nr’|| vidyal wafers or waf er Qengen S can
be known in advance of assenbly of the storage system At bl ock 86, the

heads are sorted or "binned" according to the approximte
Now that the overlap for given classifications of heads have been calculated, they

5 can be used to affect the track pitch for a particular drive using heads of a particular
classification, and thus the number of written tracks in the drive. Note block 90. This -
allows placement of a consistent number of tracks on all heads, and thus a consistent
capacity. For example, if the magnetic widths of the heads are wider than normal, the
tracks can be pushed closer together. Likewise, if the magnetic widths of the heads are

10 more narrow than normal, the tracks ean be pushed farther apart.

Prior to beginning manufacture of the storage systems, at block 84, the
approximate and/or actual magnetic widths of heads of varying physical and magnetic
widths are determined, such as from the manufacturing measurements of the recording
heads. For example, the widths can be determined from samples and/or from 100%

15 magnetic testing. In the case where only sampled magnetic data is available, the
approximate magnetic width from the wafer or wafer segment information can be
utilized. Thus, the approximate mechanical and magnetic widths of individual wafers or
wafer segments can be known in advance of assembly of the storage system.

At block 86, the heads are sorted or “binned” according to the approximate

20  magnetic widths of the heads. Illustrative classifications for the head magnetic widths are



: 20 magnetic wdths of the heads. Illustrative classifications for the head
magnetic wdths are - 15 narrow, nom nal and w de. For exanpl e,

. classification of a head as narrow, nom nal and w de nmay be determ ned

" froman average neasurenent(s) of an area on the wafer from wbidh the
heads were taken. Also note that all hedds fromthe entire wafer can be
classified as narrow, nomnal, and wide. 5 A self-servowitten overlap is

assi gned t garRAE hoflind 2l wiad. FoP eASsIe, issHtaBNESs AlRead 35 ndGhbWAhoniindf hqof the
heads in that classification. Mire particularly, a preferred overlapis

sel ected fgy | . v e ected width of .the heads
in the dri ve%e %lﬁé%&vlﬁéﬁﬁg "ggé’%gg? %%&'#P@{sgf’%w firep 0f thewafep frpme ¢
nunber of t s., The servowrite prqocess noves at a relative track to
track s pac‘f"ﬁl‘gﬁ@f lb‘iaB%WFWeta'&%‘r r“if@tn%‘?/ﬁw alh heads feom thstestirefwalencandieat i ve
nmoverment fromone track to the next on the fly to maintain the desired
over| ap. ®easdies|as nkrrg®, nomingl, @ud &jde here is shown a flow di agram
illustrating a nethod for creating a hard drive system capabl e of

sel f - sérvow i t i AgelfReooTites SvertpGo askiReddite eﬁ:hFHlé%EiEircﬁl?tﬁu b%@@ 84 hﬁrﬁ%géﬁb‘a 5

bl ock 152, the nunber of actuators necessary to nmake the drive syst

are built, Rfdiy r i: cted from.ithe sane "hin" or,

cl assifi ca(%r?gﬁlm( e.g. ,ﬂf‘ﬁlﬁg_& %ﬁﬂ%}%%ﬁ!ﬁ%ﬁ:ﬁ%ﬁ Wbé%??%ﬂfhﬁ?"c?cn{[%‘g&& OVElaPdF i ve

is el ectroni?cfaldl Iag |.ed. A?Acli si,ble |abel can also be attached to the

drive houstirgedieachduyve (hasedon the avarage expested; width ofithoheads frethealsive)

installed in the drive. At block 156, the servowiter reads the | abel and
which gives the best probability of writing the correct number of tracks. The servowrite

process moves at a relative track to track spacing to give the correct overlap. It adjusts the
10 relative movement from one track to the next on the fly to maintain the desired overlap.
Note block 88.

In FIG. 8, there is shown a flow diagram illustrating a method for creating a hard
drive system capable of self-servom:iting in one pass, according to a preferred
embodiment. At block 152, the number of actuators necessary to make the drive system

15  are built, each actuator having heads selected from the same “bin” or classification (e.g.,
narrow, nominal, or wide). At block 154, the drive is electronically labeled. A visible
label can also be attached to the drive housing. The label indicates the classification of
the heads installed in the drive. At block 156, the servowriter reads the label and
identifies the width of the heads and/or number of heads from the label. At block 158, the

20  overlap for the particular magnetic width of the heads is applied, and tracks are written
based on the overlap at block 160. The overlap allows the correct number of tracks to be
written on the first pass. Further, this process of classifying the heads by width and

calculating an overlap for each head classification results in a tighter distribution of



.identifies the wdth of the heads and/or nunber of heads fromthe | abel. At
bl ock 158, the 20 overlap for the particular nagnetic width of the beads
is applied, and tracks are witten based on the overlap at bl ock 160. The
*overlap allows the correct nunber of tracks to be witten on the first
pass. Further, this process of classifyjgg the heads by w dth and

cal cul ating an overlap for each head classification results in a tighter

di stribution aﬁf -16 actual %ﬁck count .and nore cl osely approxi mates the
resul ts olfCHahBack coyRt apdme D@Qmﬁw?e?ﬂﬁr@“l@qbém%@gw @tion of a
cross section of a magnetic disk nedia 180, indicating areas witten to

during a cRe/opgHer. sel f ~servowrite process according to one 5 enbodi ment.
Not e that the val ues shown are given by way of exanple only and show one

possi bl e i npl erfE®; 8d HreprekbstafbrO6LSErobL@eAsn bYa AR¥hNR didkémb&adsh o the inner
crash stop, which has sone conpression capabilitres. The head i's noved

agai nst t hggik. ket Wi ' € spring to.push the head
into the cralsﬂﬂg%%{scom@ﬁggwgﬁggﬁggﬁég&%%v%@g% Ir%g%slggc%orrg ?P%%n in the
crash gtop conpen ion area 182 to both clock the_ disk and 10 position the
head. Pro Qﬁ’é‘ﬁﬁﬂﬂﬁt %E@%ﬂtéli‘eev"iﬁs QY AFF ¥ Weway 8Eexasle prly and show one
propagation/start area 184 to stabilize the head. During this period, the
pr ocesses PoRubs inplemeation. Hrepracesahegios bEmosinigdhe headrte th ieheraishystapsed t o
fine-tune the servowite process so that it uses the desired overlap

duri ng serwitui hisisofe cdipeessidaicaabikiies! TREHad inobEd ¥difst B RS QE£h stop,
stabilization is achieved.
which is used as a spring to push the head into the crash stop compensation area 182, A
few tracks are written in the crash stop compensation area 182 to both clock the disk and
10 position the head. Propagation tracks are written in the self-servowrite propagation/start
area 184 to stabilize the head. During this period, the processes shown in FIGS. 6 and 7
and/or Equation 1 are preferably used to fine-tune the servowrite process so that it uses
the desired overlap during servowriting. Note that a few tracks may be written before
stabilization is achieved.
15 The head is then movgd out of the propagation/star_t area 184 and tracks are
written across the overshoot area 186, data area 188, and load/unload area 190 of the disk
180. During writing, the head steps across these areas 186, 188, 190, always moving a
percentage of the previous written track and writing one, two, or more servo bursts per
data track. When the head is near the outer diameter 192, a mark (20-30 tracks) 194
20  indicating the number of tracks is written to the disk.
As an option, the manufacturing system can be modified to transparently test and
evaluate the drives having heads of differing magnetic widths to achieve the correct

number of tracks for the desired format.



. 15 The head is then noved out of the propagation/start area 184 and tracks
are witten across the overshoot area 186, data area 188, and | oad/ unl oad
~area 190 of the disk 180. During witing, the head steps across these

* areas 186, 188, 190, always noving a percentage of the previous witten
track and witing one, two, or nore seriyo bursts per data track. Wen the
head is near the outer dianeter 192, a mark (20-30 tracks) 194 20

manut act uri no. SRPaRail e A The it iy BabERBIS 194 E3ed BB ot o

the drive aV|n head of differin netic wldths t o achi eve the correct
nunber of%f‘?q%l fscﬂ"“f VHééﬁ‘faB eﬁ%ﬁngtétd%tenil?’e wiich i ayddyiopplformalr | ¢ he

drive is spun up and the nmark 194 is read. Because the track count is now
known, it should beuseddd geiothdcomeaticagaciti ch i f any additional formats shoul d
be used to get the correct capacity. Wiile various enbodi nents have been

descri bed abov Whlletvﬁlbﬁslbﬂbbﬁméﬁﬁﬂaﬁé BRA deScribRatabbRe Yt éﬁ@ﬂﬁ &%ﬁer@fg%& ent ed

by way of exanple only, and not |imtation. Thus, the breadth scope of

a preferr ny, .of ..t.he descri bed
exerrplgr yﬂ%ng{ég ﬂ?&h pgut s?ﬁbg%aa )ﬁogeé%lﬁzlg‘lyoé?@n% “BH%‘b%i’ﬁ th t he
fol |l ow ng Iagt&lms and their teqw val ents. -18 AII\/B

br and scope of a preferred embodiment should not be limited by any of the above-

described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.



. Wiat is clainmed is: 1 1. A nethod for constructing a magnetic storage drive
capabl e of single pass self- 2 servowiting, conprising: 3 sorting a
~plurality of heads into classifications based on at |east an approximte 4
" magnetic width of each head; 5 installing only heads froma single
classification in a particular disk dripge system 6 calculating a track
overlap value for the approxi mate nagnetic widths of the 7 heads in the
single classification; and 8 using the overlap value to determ ne a track
spacing utilized during a self- 9 servowiting process. 1 2. A nethod as
recited in claiml1, wherein the overlap value is determned froman 2
equation: 3 4 OL = ((Tr/TP + Tw TP) CHAIMS (Tr/TP) 5 6 where: 7 OL =
overlap value; 8 Tr = anplitude obtained by a read head; 9 Tw = anplitude
of one of Vdhdtus dbimeddsd - 19

1 1 A method for constructing a magnetic storage drive capable of single pass self-
2 servowriting, comprising:

3 sorting a plurality of heads into classifications based on at least an approximate
4 magnetic width of each head,

5 instatling only heads from a single classification in a particular disk drive system;
6 calculating a track overlap value for the approximate magnetic widths of the

7 heads in the single classification; and

8 using the overlap value to determine a track spacing utilized during a self-

9 servowriting process.

1 2 A method as recited in claim 1, whergin the overlap value is determined from an
2 equation:

3

4 OL = ((Tr/TP + Tw/TP} - 1) / (T¥/TP)

5

6 where:

7 OL = overlap value;

8 Tr = amplitude obtained by a read head,;

9 Tw = amplitude of one of a bursts; and



: 10 TP = total anplitude of a cylinder. 1 3. A nmethod as recited in claiml,
wherein the overlap value is determned by: 2 witing a servoburst on a

. given track of a disk; 3 witing a second servoburst on a second track of

" the disk; 4 centering a read head over a gap between the two servobursts;

5 readi ng magni tudes of the two servobuygts using the read head; 6 adding
t he magni tudes of the two servobursts; and 7 dividing a sum of the

servohlur st magnj4 u o n,ampl i tude obtained by 8 centering the read head
qﬁe of thgféségégl@ﬁpé{ de d“‘tylﬂﬁa

over o g a reading. 1 4. A nethod as recited
in claiml1, further conprising using the track overlap values 2 to affect
the track pitches applired to the drive system 1 5. A nethod as recited in
claim1l1, wherein the approxi mte magnetic wi dths of the 2 heads are

det er niined. by tAesteihod as herited awl6laind 15whéreiibthb oderip val i detetrfiingd By-m 1,
wherein the approxi mate magnetic widths of the 2 heads are determned from

Teasur gment s Ofwriike tvabirith ahitAAARAFE diye S been formed. 1 7. A
met hod for selecting desired average estimated overlaps for different sizes

of 2 Reads, c £1sing. 20- .3 determnni t l.east. an approxi mate
magnet ?c wi dt h%gﬂm aﬁeg%%qse%%sgfmg sﬁ'f‘lﬂ‘j&?&fc??dbeﬁs}"

4 centering a read head over a gap between the two servobursts;

5 reading magnitudes of the two servobursts using the read head;

6 adding the magnitudes of the two servobursts; and

7 dividing a sum of the servoburst magnitudes by an amplitude obtained by

8 centering the read head over one of the servobursts and taking a reading,
1 4. A method as recited in claim 1, further comprising using the track overlap values
2 to affect the track pitches applied to the drive system.

1 5 A method as recited in claim 1, wherein the approximate magnetic widths of the
2 heads are determined by testing the heads.

1 6. A method as recited in claim 1, wherein the approximate magnetic widths of the
2 heads are determined from measurements of a wafer on which the heads have

3 been formed.

1 7. A method for selecting desired average estimated overlaps for different sizes of

2 heads, comprising:



: 4 of heads; 5 sorting the heads into classifications based on the magnetic
w dths; and 6 selecting a track overl ap value for each classification based
_on the approxi mate 7 magnetic w dths of the heads in each classification

" and the resultant track 8 counts obtained after the self-servowite
process is conpleted. 1 8. A nethod as.ggcited in claim7, wherein the
overlap value has been determned 2 enpirically from an equation 3 4 QL

:((Tr TP + TwW [T Tr/TP) 5 ap valu 8 Tr =
anpl it de obt aldﬁ@hnwr} trléaiii OXIWtWQEQHﬂ‘%Rﬂ@t &F";toﬁ‘?@eé’? ap ‘B‘G]F‘éft s;

and 10 TP = total n‘glltude of acylinder. 1 9. A nmethod as recited in
claim#?, wherein théefdeass) ap value has been deternined 2 enpirically by: 3
writing a servoburst on a given track of a disk; 4 witing a second

ser vobfir st on aseﬂmgrnlnbheadsmt@tlatdiﬁcaﬂnoﬁkbasﬁd@ﬁlﬂiﬁha@ﬁ:tlavﬁ@ﬂqd fimad over a gap
bet ween the two servobursts;

6 selecting a track overlap value for each classification based on the approximate
7 magnetic widths of the heads in each classification and the resultant track
8 counts obtained after the self-servowrite process is completed.
1 8. A method as recited in claim 7, wherein the overlap value has been determined
2 empirically from an equation:
3
4 OL = ((Tr/TP + Tw/TP) - 1) / (Tr/TP)
5
6 where:
7 OL = overlap value;
8 Tr = amplitude obtained by a read head;
9 Tw = amplitude of one of a bursts; and
10 TP = total amplitude of a cylinder,
1 9 A method as recited in claim 7, wherein the overlap value has been determined
2 empirically by:
3 writing a servoburst on a giventrack of a disk;
4 writing a second servoburston a second track of the disk:

5 centering a read head over a gap between the two servobursts;



: -21- 6 reading magni tudes of the two servobursts using the read head; 7
addi ng the magnitudes of the two servobursts; 8 dividing a sumof the

_ servoburst magnitudes by an anplitude obtained by 9 centering the read head
" over one of the servobursts and taking a reading. 1 10. A nethod as recited
in claim7, further conprising using thg track overlap values 2 to affect
the track pitches applied to drives using heads froma particular 3
classification. 1..11. A.nmethod.as recited in claim7 erein the

appr ox{Srrate rraé?f’éﬂ%mﬁ%[{ﬁgs Ethf’ © Seryobufsts using G EAdhAdY by testing the
heads. /1 12. A nethod as recited in claim7, wherein the approxi mte
magnet ¥ ¢ wi dt h@dging theamagnifndssiaf the dve sersellrsiad from neasurenents of a waf er
on which the heads have 3 been forned. 1 13. A nagnetic storage system
capabl & of si ngdividipgasusedfiths sorversttoapgitudssriyransingitudeobtaigeeby ¢ nedi a; 3
at | east one head for reading fromand witing to the nmagnetic nedia,

wher ei 4 each hea ' 1l | PR at

| east gn 5 appr oxi ng?@@ﬁn%%ﬁg??@{vh&g?ﬁbﬁlﬁeogé% ﬁ@ﬁﬁ% el n g%ﬁ?%&g ‘overl ap
~value 6 for the classification has been sel ected based on the approxi mate
magnetic -22-

1 10. A method as recited in claim 7, further comprising using the track overlap values
2 to affect the track pitches applied to drives using heads from a particular

3 classification.

1 11. A method as recited in claim 7, wherein the approximate magnetic widths of the

2 heads are determined by testing the heads.
1 12 Amethod as recited in claim 7, wherein the approximate magnetic widths of the
2 heads are determined from measurements of a wafer on which the heads have

3 been formed.

1 13, A magnetic storage system capable of single pass self-servowriting, comprising:

2 magnetic media;

3 at least one head for reading from and writing to the magnetic media, wherein

4 each head has been sorted into a classification based on at least an

5 approximate magnetic width of each head, wherein a track overlap value

6 for the classification has been selected based on the approximate magnetic



: 7 width of each head in the classification, wherein the overlap value is
used 8 to determine a track spacing during a self-servowiting process; 9
~a slider for supporting each head; and 10 a control unit coupled to each

" head for controlling operation of each head. 1 14. A systemas recited in
claim 13, wherein the overlap value is-gdgtermned froman 2 equation: 3 4
o = ((Tr/TP + TWTP) -1) / (Tr/TP) 5 6 where: 7 OL = overlap value; 8 Tr

= anpl ixt ude obt ai ne a-re head; Tw = a itu of one of .a bursts;
and 10 TP = total W?E@gﬁka‘:ﬁmﬂm Flgrﬁféﬁ\éatlfng‘gi‘er n%%?%ﬁfaaéf Ueds #1¥¢d i n
claim 13, wherein the overlap value is determned by: 2 witing a
servob®rst on a gi vef deteampesy track spaging dunipg 3 selfscavaredidngiproesssobur st on a
second track of the disk; 4 centering a read head over a gap between the
two sefvobur st 3 slidér fox sdpprgtimpepchtheat andf t he two servobursts using the
read head; 6 adding the magnitudes of the two servobursts;

10 a control unit coupled to each head for controlling operation of each head.

1 14 A system as recited in claim 13, wherein the overlap value is determined from an

2 equation:

3

4 OL = ((Tr/TP + TW/TP) - 1) / (Tr/TP)

5

6 where:

7 OL = overlap value;

8 Tr = amplitude obtained by a read head;

9 Tw = amplitude of one of a bursts; and
10 TP = total amplitude of a cylinder.

1 15, A system as recited in claim 13, wherein the overlap value is determined by:

2 writing a servoburst on a given track of a disk;

3 writing a second servoburst on a second track of the disk;

4 centering a read head over a gap between the two servobursts;
5 reading magnitudes of the two servobursts using the read head,

6 adding the magnitudes of the two servobursts;



:-23- 7 dividing a sumof the servoburst nmagnitudes by an anplitude obtained
by 8 centering the read head over one of the servobursts and taking a

. reading. 1 16. A systemas recited in claim 13, wherein the approxi mte

" magnetic widths of the 2 heads are determned by testing the heads. 1 17. A
systemas recited in claim13, wherein2lhe approxi mate magneti c w dt hs of
the 2 heads are determ ned from neasurenents of a wafer on which the heads
have 37been foa

ﬂﬁ“ﬂng a sum of the servoburst magnitudes by an amplitude obtained by

8 centering the read head over one of the servobursts and taking a reading.

1 16. A system as recited in claim 13, wherein the approximate magnetic widths of the

2 heads are determined by testing the heads.

1 17. A system as recited in claim 13, wherein the approximate magnetic widths of the
2 heads are determined from measurements of a wafer on which the heads have

3 been formed.



