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DI SC DRI VE SYSTEM USI NG MULTI PLE PAI RS OF
ENBEDDED SERVO_BURSTS BACKGROUND OF THE | NVENTI ON
The present WRYMEBn relates to head 5 positioni ng RMEIMSITSI3ELYSt ens
in magnetic disc drives. More specifically, the present invention
relates to a di sc drive control system.using a gray code and servo
bursts provided in track sectors. Comput er systens, or the
like, often tinmes 10 enploy magnetic discidrives to store information such
as conput er progr.ans etic disc drives

or__data.
typically include a %ﬁgdm:ﬁgf:daﬁ%swmgqﬁ@ﬁ%dw&ﬂ?bg BAIBSr which

"flies" over the surface of tE{’Mﬁ g@g{}%{. c disc. The
transduci ng data head is 15 p03| oneg over a selec e %ortlon of the disc
by a drive control |l er opeBACKEROY QF TH S
used to generate nmagnetic fqrgédspf@é@,h: ar&&ggylggseqexates tc head

5 positioning control systems in magnetic disc drives.

More specifically, the present invention relates to a
disc drive control system using a gray code and servo
bursts provided in track sectors.
Computer systems, or the like, often times
10 employ magnetic disc drives to store information such as
computexr programs or data. Magnetic disc drives
typically include a transducing data head mounted on a
slider which "flies" over the surface of a rotating
rigid magnetic disc. The transducing data head is
15 positioned over a selected portion of the disc by a
drive controller operating an actuator. The data head
is used to generate magnetic fields which are impressed
onto the surface of the disc during writing of
information, and to sense magnetic fields from the disc
20 surface during readback of information.
Information is typically stored in concentric
tracks on the surface of the magnetic disc by providing
a write signal to the data head to encode flux reversals
on the surface of the magnetic disc representing the
25 data to be stored. 1In retrieving data from the disc,
the drive controller controls the actuator so the data
head flies above the magnetic disc, sensing the flux
reversals on the magnetic disc, and generating a read
signal based on those flux reversals. The read signal
30 is then decoded by the drive controller to recover data
represented by flux reversals stored on the magnetic
disc, and consequently represented in the read signal
provided by the data head.
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onto the surface of the disc during witing of I nformation, and to
sense magnetic fields fromthe disc 20 surface during readback of

i nformati on. Information is typically stored in concentric
tracks on the wontzs® of the nagnetic disc by providing ' si gha
to the data head to encode flux reversals on the surfagg%%$6¢%%s
magnetic disc -representing the 25 data to be stored. |In retrieving data
fromthe disc, the drive controller controls the actuator so the data
head flies above the magnetic disc, sensing the flux reversals on the
magnetic disc, and generating a read si gnal based on those fl ux

reversal s. The read signal A3Ruratsly hessiddendad biet derdlrhes cOpir ol ler to
recover data cE S €3ePhESL; r sal s stored. on the nmagnetic

di sc, and consequently repr esel%eggi?r(lf lg%éggeﬁdjosﬁ%aﬁgf i an%‘a‘éi erlcd—*l by the
dat a head. to the disc and rezgimgndapasfrprrghe diec. There are

typically two steps in positioning the data head over
5 the track. The first is referred to as coarse
positioning, and the second is referred to as fine
positioning. During coarse posgitioning, the servo
system positions the head over a track on the disc based
upon a track address position signal received from

10 either a drive controller controlling the disc drive, or
from a host system indicating data to be accessed. The
data head is typically smaller than the distance between
the tracks on the disc. Therefore, fine positioning is
used to appropriately position the data head within the

15 track over which it is positioned during coarse
positioning.

When the data head is not properly located
within the desired track, it is said to be "off track.®
The further off track the data head when either writing

20 or reading, the larger the noise to signal ratio for the
operation. If the noise to signal ratio is large, the
error rate would be great in reading data from the disc.
Consequently, the disc drive is not able to properly
write and read data.

25 For thin film heads, wherein writing and
reading are performed by the same transducer, fine head
positioning can be accomplished by using a signal
retrieved from the disc when information from the disc
is read. The signal indicates when the transducer is

30 positioned at its preferred location felative tc the
track, or "ideal track center¥; which is typically the
same for reading and writing.

Magnetoresistive heads (MR heads) are commonly
referred to as dual element heads. An MR head has one
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-2- Accurately positioning the data head over a track
on the disc is of great inportance in witing data to the disc and
readi ng data fr8f°UHE2i sc. There are typically two stepSTiUS/01345
positioning the data head over 5 the track. The first is referred
to as coarse positioning, and the second is referred to as fine
posi tioni ng. During coarse positioning, the servo system posi tions
t he head over a track on the disc based -3-upon a track address position
signal received from10 _ either a drive controller controlling the disc
drive, or f rorﬁré‘nr‘f(?é‘f:e’s?y‘%*i’é%ﬁ ifdreed ity waAte da-décathestias. A

data head is typi cardorhematransditsr whecHi 5 annel et wegd data fld@ thacks on
the disc. Therefore;dd ng posi tn!r?@é 'El‘an%ducir aﬂ'ﬁfg {‘%]c?‘gggggéugéxel YMr

position the data r]lea ‘wWithin th
positioned during r dgve Spaﬁidé tlsc?lﬂaﬁ'@.tmns “between ‘the viEerd t RBddat a

head is not properlwriltecateansducersi.t hi naddit demilned tfeek, dnd | wrseed to
be "off track.” tréﬂgauégféh%& Oéf ek LBe dala hﬁﬁp M? p%k&h?%%

witing 20 or readlng e e noise to signa

operation. If the f5PaZaFed sq “‘Feﬁ'ﬁ%‘hF§ YQrfgEreaRr or Iesser degree
than otherwxse desired, based on manufacturing
tolerances. Thus, when the MR head is finally

10 positioned over a track during a write operation, that
same position is not necessarily the ideal track center
for the MR head during a read operation. In other
words, the ideal center for operating the read
transducer is not necessarily the same as the ideal

1s center for operating the write transducer.

One method for providing head position
information is to embed servo information in a
sufficient number of sectors interleaved within the
tracks such that servo information may be periodically

20 sampled and held, and head position thereupon derived
from the samples. To be effective, an embedded servo
pattern should include information identifying the track
as unique from its neighboring tracks, and the pattern
should provide a centerline reference as well. The

25 track identification number is useful during track
seeking operations to indicate the radial position of
the data head transducer relative to the disc surface,
and the centerline reference is useful to center the
data head transducer over the ideal track centerline

30 during track following operations. Such sexvo
information in the prior art has included a spatial
quadrature relationship which may be used to indicate
the direction of movement of the transducer relative to
the tracks during seeking.



error rate would be great in reading data fromthe disc. Consequent |y,

the disc drive is not able to properly wite and read data. 25

For thin film heads, wherein witing and readi ng are perforned by the

sane transducavgenissee head positioning can be acconplis@fgssdsidsi Ny a

st gnal retrieved fromthe disc when information fromthe disc IS

read. The signal indicates when the transducer is 30 positioned at its
preferred location relative to the track, or "ideal track center";
which is typically the same for readignyg and writing.

Magnet or esi stive heads (MR heads) are conmonly referred to as dual

el ement heads. An MR head Hasisnknown that \WDdhta28228 transducer may

PCT/ US97/ 01345 function as a very accurate radial §§s_ition measurement

device relative to recorded patterns passing by the head

transducer. If the head reads a prerecorded burst
5 pattern, the amplitude of the recovered signal will be
proportional to the degree of coincidence radially
between the head transducer and the burst pattern. If
the head is in alignment with the burst, a maximum
amplitude is recovered. If only a fraction of the burst
io is encountered by the head, the amplitude of the
recovered signal will be a fractional amount of full
amplitude which is proportional to the radial
displacement of the head. If the head misses the burst
completely, then no burst amplitude is recovered.

15 With modern servo writing techniques, embedded
sector servo patterns are typically written in multiple
phase coherent passes of the data transducer head so as
to record servo data field and centering burst patterns
which are wider than the electrical width or head gap of

20 the data head transducer. However, a head may be
aligned completely with a servo burst, but incapable of
regolving relative position within a dimension by which
the radial width of the burst exceeds the head width.
This dimension is in effect a servo dead zone. As the

28 head moves throughout the dead zone, the amplitude of
the signal recovered from the burst will remain
substantially invariant. Thus, the servo loop
experiences a dead band through this range.

The prior art has attempted to accommodate the

30 dead band by providing two or four time-staggered,
radially-offset adjacent bursts having burst edges of a
pair of bursts aligned with the track centerline in each
servo sector. The relative amplitudes of two selected
bursts having opposite edges in alignment with the



transducer which is used to wite data to the disc, and anot her

transducer which is used to read data fromthe disc, i.e. awite
transducer and_a read transducer. MR heads have spatial separations
between the re¥3%4M® 5 wite transducers. Addi ti onal | FCTUSYEP4S and
wite transducers on a single MR head can be spatially separ at ed
fromone another to a greater or |esser degree than otherw se

desi red, based on nmanufacturing t ol erances. Thus, when the MR
head is finally 10 positioned over a track during a wite operation,

t hat sane ositr Qn,Ls nNot, necess ri dea trakcent for
t he MR head durPng a reéanopergg (‘trac% %yrbgt Eg}i Cll enﬁ%“""“‘a%%r

center for operatiifydeeleparl centerﬁrtaﬁs@liﬁf@t |es’rnetsnm@ssarﬁowyvehe sane

as the ideal 15 agiilsepbrior &&ﬂ*o&'&:hngaéh@oﬁ/\ﬁpﬂcﬁlhéanﬁéwﬂte pos:r.tlon
One net hod for provr d| ng head I;})osrtron o romtion %nbed servo

information in a Ho%l otk Fa lge ?or%nl%lf eave nm?‘ﬁl n the
tracks such that éﬁ‘@rt\‘ﬂéepnft@rﬁrmmoonr%ﬁﬁl@é’ rﬁrﬂ%&ﬂce@lqg;ﬁsZ@f st | edmaind
hel d, and head posithiggartlebauvpos. der:'rmed s;cuatfibamﬂehem&amh@%rciﬂt be

cffective, an eSiSh-SRED, poor i LELIEOQLCATOED JISEALLED

identifying the track as un om| S nei g borln racks
pattern shouldd‘rﬁPSwadet%?ftﬁé-ﬁtléPP?- n@PPé?P’é#‘é‘PR:Je BBasR| betweetheths  track

identification nurdiekck s&ekisRf tibdélHndnghé ratick foll&witly REAOPEQ phasys to

i ndi cate the {@dr Q 09855& 9{]?1& settll{xge data head transducer relative to
t he di sc surface, centerlrtne reference is useful to center the

Moreover, an MR head typically requires
operation at two positions within any given track. As
such, the ideal MR head position is typically not in
precise alignment with the edges of the bursts.

15 Consequently, MR heads typically operate without precise
alignment information, which leads to off-track errors.
Thus, there is a substantial need to provide precise
alignment information to an MR head.

Another drawback of the prior art in both MR

20 and thin film heads is that typically the amplitude
variance of each burst due to offsets or other
irregularities creates errors and non-linearities in the
position signal. For example, errors and non-
linearities impede the ability of the drive to resolve

25 head position when moving between bursts because the
position signal does not exhibit monotonicity, and can
include errors in the position signal of approximately
15%. These errors and non-linearities are exacerbated
as track dengities continue to increase, which require

30 more precise and accurate positioning of the
transducers. Thus, there is substantial need to
overcome errors and non-linearities in the positioning
of the data head in order to facilitate the increased
track densities.



data head transducer over the ideal track centerline 30 during track

following operations. Such servo i nformation in the prior art
has included a spati al quadrature rel ationshi p which may be used to

i ndi cate tWe st i on of novenent of the transducer relpirigs®noisys

t he tracks during seeking. WD 97/ 28529 _
PCT/ US97/ 01345 : -4 - It is
known that a data head transducer may function as a very accurate
radi al position neasurenent device rekative to recorded patterns
passi ng by the head transducer. | f the head reads a prerecorded
burst 5 pattern, the anplitudeSHMMARY OB (THF-INUENTIOMI w |l be

proportional to the degree Mfe pobsehelantRntadhald Yirecte®aldVaCReL i head
transducer and thgnguggéapﬂx}seré?)‘r Id]::atermining head position of a data
transducer head relative to a selected one track of a
5 multiplicity of concentric tracks within a magnetic disc
drive, which reduces the effect of irregularities and
offsets due to amplitude variance of each burst, and
improves monotonicity in the position signal as the data
head moves across the track. At least one prerecorded

10 servo sector within a data track wherein the servo
sector includes four time staggered servo bursts. The
first and second servo bursts are radially offset from
each other by generally a burst width such that an edge
from each of the first and second bursts are

15 substantially co-linear and form a first track null.
The third and fourth servo bursts are radially offset
from each other by at least a burst width such that an
edge from each of the third and fourth bursts are
substantially co-linear and form a second track null.

20 The third and fourth bursts are radially offset from the
first and second bursts by one-half of the burst width.
Thereafter, the disc drive detects the presence of a
sector. The first and second bursts are read to
determine a first relative amplitude therebetween, and

25 the third and fourth bursts are read to determine a
second relative amplitude therebetween. Congsequently,
a single operation including the first vrelative
amplitude and the second relative amplitude is used to
determine position of the data transducer head.

30 Additionally, in one embodiment, the radially
offset and time staggered servo bursts prerecorded on
the servo sector can be of varying width and number to
Create. a plurality of track nulls within a data track
about which the head can be positioned. The servo



the head is in alignment with the burst, a maximm anplitude is

recovered. If only a fraction of the burst 10 Is encountered by the
head, the anplitude of the recovered signal will be a fractional
amount of full WO9728%aplitude which is proportional to RCERUSSTOGBIS
displ acenent of the head. If the head m sses the burst conpl etely,
then no burst anplitude is recovered. 15 . Wth nodern servo
writing techni ques, enbedded sector servo patterns are typically
written in nultiple phase coherent passkes of the data transducer head

SO as to record servo data field and centerin

urst patte
which are wider than ik 3?%@FFF8§de§r’dtahpt)‘rr?1]e’§d 85 28? Y g é‘C&&Fa head
transducer. Howevisxrst pahizad whgreia each aurgﬂmxiuhQNphebuigﬁ\naﬂr asservo

Bur \th1 Eut i nc?Eabe%dm‘alny ofﬁ‘:‘%%@' Vﬂﬁ% rate.flt bt’ﬁ»‘ezpoﬁrhi-é@nbw ghldls%aﬂb@ens' on
y whic e radia rs exc gad_w d

This dinmension is if" ’é"f’?aelyt’ 3q‘§’§"r ggﬁgb §§gt h af%l Wé%'d Hijveds

t hroughout the Headradbied iyt héfesmlfrpmdehe)fother buhet giagrsl by egowagoadtf r om
the burst will r en%éherallysé%ﬁlaeé' Bid YurkBWH AN hivided BYSthe mﬁbe§er vo

| oop experrence nd through this range. he
prior art has attenp Bﬁﬁﬁﬁhndate the 30 dead band by provrdlng t wo
or four tine- staggered : PCRERTIAON OF| 3 i &Ss havi ng bur st
edges of a pair of bur sm;al:u geeé uu,;; mltéaﬁotraqt&seeateré ivieH Regach
servo sector. JThe r I%&rve al Irtud%% mg gcte featunly SIS hgvrng
opposite edges in arigRment: Wt h- The eRBoffity reaturdd %

present invention.

FIG. 2 is a block diagram of a portion of the
disc drive of PIG. 1.

FIG. 3 is a partial schematic representation

15 of a plurality of track sectors embodying features of
the present invention.

FIG. 4A is a rectilinear representation of the
track sectors of FIG. 3.

FIG. 4B 1is a more detailed rectilinear

20 representation of the tracks and track sectors of FIG.
4A.

FIG. SA is a diagram of the servo bursts of
FIG. 4B.

FIG. 5B is a graph of the relative amplitudes

25 of the servo bursts of FIG. SA and corresponding
therewith.

FIG. 6 is a flow chart of a method for
determining track position error in accordance with the
principles of the present invention.

30 FIG. 7 is a graph of measured position error
as a function of time as the actuator of FIG. 1
depicting the results of a method of the prior art and
of the present invention in calculating track position
error.
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-5- centerline of the track being followed are then conpared

devel op a centerline offset error signal. However,
has not provi desh7agmrate position
preci se al i gnnent

not

st aggered bursts. This situation becones inportant during track

seeki ng operations and nost particularly
phase between the

oper at i onal

fol |l ow ng node,
Moreover, an MR head typi c&Iby rédquises diagmyeref i sara¢ bwosposiihi ons

wi thin any given ih30ker AhbodimeStiE (HACpkEahe MhiRdoROSI tion s
typically not

i nformati on,

in

during a transitional
track seeking node and the track
a phase 10 known as track settling.

preci se alignment wth the edges ,of the bursts.
Consequent |y, MR heads typifd&r|§R o5ePa?ERl Afobhe prefdtdye amplifindesnent

whi cof | el ssemyoobhirstaclkE IGor 8A.
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FIG. 8C is a diagram of servo bursts in
another embodiment of the present invention.

FIG. 8D is a graph of the relative amplitudes
of the servo bursts of FIG. 8C.

FIG. 9A is a diagram of servo bursts in
another embodiment of the present invention.

FIG. 9B is a graph of the relative amplitudes
of the servo bursts of FIG. 9A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIG. 1, a rotary magnetic disc
drive system suitable for incorporating the teachings of
the present invention is shown in diagrammatic form and
is referred to generally at 10. A plurality of magnetic
information storage discs 12 are journaled about a
spindle motor assembly 14 within a housing 16. Each
magnetic disc 12 has a multiplicity of concentric
circular recording tracks, indicated schematically at
i8, for recording information. Each track 18 |is
subdivided into a plurality of sectors, indicated
schematically at 20. Data can be stored on or retrieved
from the discs 12 by referencing a specific track 18 and
sector 20. &An actuator arm assembly 22 is rotatably
mounted preferably in one corner of the housing 16. The
actuator arm assembly 22 carries a plurality of head
gimbal assemblies 24 that each carxy a slider 25 having
a read/write head, or transducer 26, for reading
information from and writing information onto the
magnetic discs 12. Transducer 26 can include a thin
film head or an MR head. A voice coil motor 28 is
adapted to precisely rotate the actuator arm assembly 22

15

to

this prior approach
i nformation when t hghiRsdha
5 between the two radially aligned edges of the tine

in



Thus, there is a substantial need to provide precise al i gnnment

I nformation to an MR head. ‘Anot her drawback of the prior art
in both MR 20 _.and thin filmheads is that typically the anplitude

vari ance of ealYP V¥ due to offsets or other i rregul aPEFTVTOBSCAL €S
errors and non-linearities in the position signal. For exanple,
errors and non- linearities inpede the ability of the drive to
resolve 25 head position when noving between bursts because the

position signal does not exhibit nnnotonicf?y, and can i nclude errors

in the position si Xi mat e 15% These errors and
non-linearities ar &ai@ﬁ 8 Sgghzﬁ?afrﬁhﬁ FARSACEES th P2 TS
i hcrease, which regber e‘agoetmréiscm el? selomndaractr at Ehe pdsse i driviey  of

the - transducer gystedhus aweremdmdeeubéémcual cib&€tkryt 032 fd&vercoms
errors and non-linearities 0sitio dat a hs i n order
§9/

In n t he
to facilitate the PREFERR m%°f?‘§% 'H(Sﬂrs}ﬁ g’gétten to OF £
PCT/'US97/ 013455 the discs 12 and controlling the posxtxon of the

transducers 26.

FIG. 2 is a block diagram of a negative
feedback transducer positioning system, indicated
generally at 35, and suitable for incorporating the

10 teachings of the present invention, wherein the system
35 is generally included in the control circuitry 32
{shown in FIG. 1). The actuator arm assembly 22 is used
to position the transducers 26 over a desired track 18
where they are held while read and write operations are

15 performed. Transducers 26 also sample position
information from the disc 12. Transducer 26 provides a
position signal to a preamplifier 38, or the like, where
the position signal is amplified and provided to a servo
position demodulator 40 which decodes the position

20 information and presents it, preferably in digital form,
to a servo control processor 42. Servo control
processor 42 compares the decoded position signal
received from the demodulator with a reference position
signal of the desired position to determine a transducer

25 position error, or X... The transducer position error
represents the difference between the actual position of
the transducer 26, indicated by the decoded position
signal, and a known position indicated by the reference
position signal. The servo control processor 42 can

30 then generate a position correction signal which is
converted to an analog signal by a digital-to-analog
{D/A} converter 44 which is applied by amplifier 45 and
applied to the actuator arm assembly 22 to move the
transducers 26 along arc 30 in order to position the



- 6- SUWMMARY OF THE | NVENTI ON The
present invention is directed to a nethod and apparatus for

determ ni ng head position of a data transducer head relative to a

sel ected oneWMa%esszof a 5 nultiplicity of concentric traakassritdsn a
magneti c disc drive,  which reduces the effect of irregularities and
of fsets due to anplitude variance of each burst, and | mpr oves
nonotonicity in the position signal as the data head noves across the
track. At |east one prerecorded 10 serw®-sector within a data track
wherein the servo sector includes four tine staggered servo bursts.

The first SRORSMSHT 8Br\d B§FiFedaresaddral | §° ofisdfireorhhe  each
ot her by generattgtnedﬂnmpowiidimmxt hat an edge from each of the

first d d bur st b I first
irst and secon ursts d Pgﬂr%ﬁ?@’%l al Ly cgaﬁgggr agg%%‘fg irs

track null. The th|r servo bursSts are radi of f set
from each ot her rE?’-'%?e’fté&é-Pna"%lﬁ‘r‘?F W dt Fashdirackat8ah ehrougB it r om each
of the third andsf crutidivihdedt Snbe sectorsubgbant i &hl yoreo- pregswrreand form a

second track Nubkpodhenthe il £doBK LRI BHE ) Sl shediol] el fset from

t he first and second bursts urst W
Thereafter, the2BRs? IR H@Fé&’?& fRcCPRERINIY greryo inforglifn.  The
first and secontihédusestw dheereall 4® periodically interrupts the data

interval 46 of each track 18 in order to provide
i0 position information, and the like, to the servo control
processor 42. When the discs 12 are rotating (as
indicated by arrow 49), sectors 20 pass by the
transducer 26 wherein servo information is sampled and
held for processing by the positioning system 35. The
15 servo interval 48 is read during track seeking
operations, i.e., when the transducer 26 is being moved
from one track location to another track location; it is
also read during track settling operations, i.e., when
a destination track center line is being approached by
20 the transducer 26; and it is read during track following
operations, i.e., when the transducer 26 is following
the center line of a track and is in position for
reading or writing user data to and from the data
intervals 46 of the track being followed. FIG. 3 also
25 shows a burst guadrature pattern 50 as part of the servo
interval 48, and described in detail below.

Although FIG. 3 shows that each track 18 and
sector 20 therein follows a circle, FIGS. 4A and 4B are
rectilinear representations of a plurality of sectors on

30 adjacent concentric tracks which will be understood by
those skilled in the art. Track 18-1 lies at the
radially outermost region of disc 12 of those tracks
depicted in FIG. 3, track 18+3 lies at the radially
innermost region of disc 12 of those tracks depicted in



determine a first relative anplitude therebetween, and 25 the third and

fourth bursts are read to determne a second rel ative anplitude

t her ebet ween. Consequently, a single operation including the first
relative Mﬂ’ﬂﬁﬁe and the second rel ative anplitude i sPeHE7P4s
déterm ne position of the data transducer head. 30 Addi tionally,
I n-one enbodi nent, the radially of fset and tinme staggered servo bursts
prerecorded on the servo sector can be of varying wi dth and nunber to
create a plurality of track nulls within a¥ata track about which the

E‘é_?_?uggg/ 8?_3225' tigneds, ad@&S8%K%018-0 thron}ga %Eé—%??geg thergalggyge%.r o
arranged in a pl urdid®¥y dfentsgul aFinesad) 3Eent indicagng stahai F3a-Hber ei n
each burst w thin respecsivebyr is radially offset fromthe other burst
by a distance In one embodiment, each sector servo interval
5 48 preferably includes an automatic gain control circuit
(AGC) field 60, a servo sync field 62, a servo address
mark field 64, an index bit field 66, a gray coded track
number field 68, a first servo burst field 70 labeled
"A" burst, a second servo burst field 72 labeled "B™
10 burst, a third servo burst field 74 labeled "C" burst,
and a fourth servo burst field 76 labeled "D" burst
prerecorded thereon. The track number field 68 and the
servo bursts 70-76 are used to provide absolute
transducer positioning information to the transducer
i5 positioning system 35. Track number field 68 also can
be used to indicate whether a track is an "odd® numbered
track or an "even" numbered track. In the example of
FIG. 3B, tracks 18-1, 18+1, and 18+3 are odd numbered
tracks, while tracks 18-0 and 18+2 are even numbered
20 tracks.

The relative amplitudes of bursts A-D are
circumferentially off-set, or time staggered, such that
burst D follows burst C, which follows burst B, which
follows burst A in time. In the embodiment shown, the

25 A and B bursts, 70 and 72, straddle track boundaries and
are radially offset from each other by one track width.
The A and B bursts 70, 72 make up a burst pair, The C
and D bursts 74, 76 straddle track center lines, are
radially offset from each other by one track, and are
30 radially offset from the A and B bursts 70, 72 by one-
half of a track. Each C burst 74 straddles an even
track and each D 76 burst straddles an odd track. The
C and D 74, 76 bursts make up another burst pair. Those



generally equal to the burst width. Each burst pair is 5 radially offset

fromthe other burst pairs by an anount generally equal to the burst
wi dt h di vided by the nunber of burst pairs. BRI EF
DESCRI PTI ON OwoMAEsSRAW NGS FIG 1 is a top pdraydenéiseas di sc
drive with its 10 upper casing renoved and enbodying features of the
present invention. FIG 2 is a block diagramof a portion of
t he disc drive of FIG 1. FIG 3 is a partial schematic
representation 15 of a plurality of tragk-sectors enbodying features of

t he present invention. FIG 4A is a rectilinear

representation ofskkeled imrakkesed®rs @ilF| Greglize that otherF|G 4B

i's a nore detail esbrifiGhidatigns b pdseRbeseatdtiditetpihbeat racks and track
sectors of FIG ' i agr am of_ t he servo

4A. . . FIG 5 s ada
burst s of FlG ap. FIG- 5A is a dipgranst on Setud BESER 0q 3R 0Pl 0
anplitudes 25 ofoftFR&CsefBo BodSFEC. 0FBFE6 a Sivamihd aforthes poriditige
Ei herewith. 5 amplitudekl ®f 6ths AW Charta inﬁﬁctﬂﬁtrhodff Ofadial | f
etermining trac ition.errqr_in.accordance with the . principles o
the present inve (lpéc))i}.mé’o Of' 2 ‘q"ranSd%ﬁ?ﬁ g’73“|g[s aﬁ%?ﬁﬁﬁ‘*%‘?%%&@%ﬁe‘%%g tion
error as a fEHEt 59 agf indigates .t hdipet 4B olersfctl| Ehe lelectrical

amplitude waveform of the signals read from the A and B
bursts in accordance with Q as a function of radial

10 position:
Q:

(& - B)
{A+B8)

Line 102 depicts the electrical amplitude
waveform of the signals read from the C and D bursts in

15 accocrdance with R as a function of radial position:
R:

{C-D)
{(C+ D)

The denominators of @ and R function as a weighting
factor to take into account any variations in burst
20 amplitude.

It will be apparent that the radial width of
the transducer 26 is less than the nominal width of each
of the tracks. This arrangement conventionally provides
a wmargin or guard band between each track to minimize

25 cross-talk from track to track and conseguent data
errors. This also results in dead zones, indicated as
D~Z,s, D-Z.,, for each burst pair, respectively, wherein
the head is incapable of resolving its position based



depicting the results of a nethod of the prior art and of the present

i Avention in calculating track position - error. WO 97/ 28529
PCT/ US97/ 01345 FIG 8A is a diagramof servo bursts

in anot herY@ A& ent of the present invention. PCT/USI7013%% G. 8B
is a graph of the relative anplitudes of the servo bursts of FIG 8A.
5 "FIG 8Cis a diagramof servo bursts in anot her

enbodi ment of the present invention. FIG 8D is a graph of
the relative anplitudes of the servo Bdrsts of FIG 8C.
anot her, enbodi.nment. of the

' ' in.1

present 1 nventon. covery S Ualhilet bl R palischRE i Bhae
ahplitudes each burst pair labeled AB, BA, CD and DC, wherein the
difference between the signals 100 or 102 read from the
bursts of a burst pair is zero, is referred to as a
5 "track null." The electrical amplitude waveform of the
signals read from a burst pair in the region proximate
a track null is linear and most suited for determining

head position.
As the transducer 26 moves in a radial
10 direction with respect to the tracks, i.e., at positions
26a and 26b, an amplitude value of Q and R will be
obtained as lines 100 and 102. Lines 100 and 102 define
fairly linear diagonal waveforms at points proximate Q
= 0 and R = 0. The horizontal segments represent Dead
1s Zones in which radial displacement of the transducer 26
results in no change to the respective equation. In
practice, points proximate the dead zones, however, are
not linear due to offsets and other irregularities. 1In
practice, the most linear regions of lines 100 and 102
20 are these regions proximate 0 amplitude, i.e., regions
near a track null. The generally diagonal segments mark
radial position of the head in which amplitude is
proportional to radial displacement. Thus, given the
track number and amplitude of one of lines 100 and 102,
25 the track position error (X,.} can be determined. For
example, as the head 26 moves away from the center line
of track 18-0, radial head position point 111, toward
track 18+1, burst pair A-B can be used to calculate Xpe
relative point 111. After the head moves past radial
30 head position point 112, one-quarter track from point
1l1:, X, can be calculated with burst pair C-D as burst
pair A-B approaches non-linearity and a dead zone.
After radial head position point 113, three-quarters of
a track from point 111, X, can be calculated with burst



of the servo bursts of FIG 9A DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS Referring to FIG 1, a rotary nagnetic
disc 15 drive systemsuitable for incorporating the teachi ngs of the
present inverwoomsss shown in diagramatic form and PorRES0: %g
generally at 10. A plurality of magnetic [ nformatlon storage discs 12
are journal ed about a spi ndl e notor assenbly 14 within a housing 16.
Each 20 magnetic disc 12 has a multiplicity of concentric circul ar
recordi ng tracks, indicated schematically,at 18, for recording
information. Each track 18 s subdivided into a plurality of

sectors, indicatemhir A-Bsithenmf eafliyl dieadOpodiatidnCpoiMe 19404€ bueBLor
retrieved 25 Troimd hepdisched? wg ﬁaﬁnslfgkge@&m@c' fofiid lGLE and

sector 20. An act ua&}ﬁr arm assenb IS ro
preferably in oné®b eF°BFl‘E1“%dH=tﬁJ &d 26 trﬁ’féerses agetd@t or arm assenbly
22 carries a plurality of heeally, thgln‘élaltmewtﬁﬂnteaeaébﬂ bath eagtcarry a

slider 25 having 3Q ;aént{&ad/ Wh tpqraclﬂgég h ?:'évesrr adl%‘%‘i@ﬁit%%g’arifsgr

readi ng |nform;‘T| on fromand wt rmaf i on ont
magneti ¢ di scs 12T ERRsAbRES %hé’éannﬁﬂﬁi‘élaé:"tnﬁl fre throygh Hseeqd or an
MR head. A voice ceihgh®t dur28 ipair inadepitedbécaysecbselgmpldtatie t he

actuator arm asseffdi¥ndd of each burst due to offsets or other
irregularities. The consequence of these irregqularities

io and offsets is exemplified at points where the
calculation of X, switches from employing one burst
pair to employing the other burst pair, such as at
points 112, 113, and 114, which are termed "commutation
points." Particularly significant are points 112 and

15 114, i.e., one quarter track from center lines 52b and
52c, where ideally the amplitudes of Q and R are
preferably equal. 1In practice, however, amplitudes at
such points often times are disparate by about 15%.
Thus, using a single burst pair to calculate X, at

20 immediately before a commutation point and then another
burst pair immediately after a commutation point can
provide signals to the gervo control processor 42
indicating an erratic change in X, when in fact there
was no such change in position error. In other words,

25 using only one pair of bursts at a time in the
calculation of X,, does not show monotonicitiy at the
commutation points, particularly near plus or minus one-
quarter of a track as measured from the ideal center
{indicated as track center lines 52a-52e).

30 A method of the present invention, described
below, increases the accuracy of the X, determination
and provides for a more monotonic behavior of the X,
signal. Simply put, the present invention makes use of
each servo burst pair in every X, calculation. Thus,
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-9- back and forth such that the transducers 26 nove across t he
magnetic discs 12 along arc 30. The disc drive system 10 al so

i ncl udes contrdYC&B¥itry 32 for processi ng i nfor nati OPCT/USMeIdE i t t en
tdo or received from 5 the discs 12 and controlling the position of

t he transducers 26. FIG 2 is a block diagramof a
negative f eedback transducer positioning system indicated

generally at 35, and suitable for incorpordti-ng the 10 teachi ngs of the
present invention, .whereig the,system 35 is_generally included in the
control circuitry 32 the Q(’sﬁg\*/ﬁx??lt’fﬂﬁ previpygl CFWB%%Yyrﬁ-’rrﬁa%% y 22

i s used to poBRFFbreaite tharmtdesebsrgt maier ia pesvided toaskcdibt

where they are hel dowhiilépdread amplidide ORCERAL PRSsEY Snien PREfLIIBRd.
informati on fromthe disc 12.

Tr ansducer 26 provpdeEa il RectraBPe b8 ot ral Ry o5 Bh o R FRLP BB A, 1 he
li ke, where > tHReog@sTadionsspypreimdte &l cobimpatamicdmppotnted to a servo
Referring now to FIG. 6, a flow chart
depicting a method embodying features of the present
invention is provided. At each point where a
calculation of X, is desired, the amplitudes of bursts

10  A-D and corresponding track number of the track servo
interval 48 are read 200. The ratios of Q and R and
their absolute values, [Q] and {R|, respectively, are
then calculated 202. Calculation of X, principally
employs the lesser of |Q| and |R| which indicates that

15 the head is proximate the respective track null, whereas
the greater of |Q| and |R| indicates that the head is
proximate the respective Dead Zone and is less likely to
provide a useful result. Additionally, the track number
field 68 of the desired track is obtained toc indicate

20 whether the track is either odd or even, 204. As such,
based on 0, |Q|, R, |R|, and track number, X, is
calculated.

If the track number is even, the next step is
to determine whether |Q| is less than or greater than

25 [R|, 206. If |Q| is less than |R|, then the next step
is to determine whether Q is greater than or less than
0, 208. 1If Q is less thamn 0, X, = -1/2 + 1/2 +*
(R)/(8), 210, wherein S = |Q| + [R|. If Q is greater
than 0, X, = 1/2 + 1/2 * (R}/(S), 212.

30 If |R} is less than |Q|, from 206, then the
next- step is to determine whether R is less than or
greater than 0, 214. If R is greater than 0, then X,
=1/2 (Q)/(s), 216.



posi ti on denodul at or 40 whi ch decodes the position 20 I nformati on and
presents it, preferably in digital form to a servo contro
processor 42. Servo control processor 42 conpares the decoded

position sigmaemssze received fromthe denodul ator with a gEihaonsss
position signal of the desired position to determ ne a transducer 25
position error, or Xerr]. The transducer position error represents
the difference between the actual position of t he transducer 26,

l.ndi cated by the decoded position skgnal , and a known position

I ndi cated by the reference position signal. The servo control
processor 42 can 30 therIngnHﬁ dessatpasid) WheROtheaid>@nssegned vahich is

converted to an @g@é P@#h@/ Q’;\églgéﬁ@thgg &r@rggt?r ngéA)2 gonverter

44 which is appl] ed | er act uat or arm
assenbly 22 to mbhel tJIfFe 1eks than fqddens Xae= allo‘ngl/r%cf 3@)/hsbrd?é’r° 10
position the If Q0 is \Y2<htez28bRAn 0, then X, = -1 - 1/2 * (Q)/(S),

PCT/ US97/ 01345 32q. If Q at step 218 is greater than 0, then X, =1 -
1/2 * (Q)/(s), 222.

If at step 204 the track number is odd, the
next step is to determine whether |Q| is less than |R{,
224. If |Q| is greater than |R| then the next step is

1o to dotermine whether Q is less than or greater than 0,
226. If Q is less than 0 then X, = 1/2 + 1/2 +
(R}/ (S}, 228. If Q is greater than 0, then X, = -1/2 -

1/2 * (R}/{(s), 230.

If |Q] is less than |R| from step 224, then

15 the next step is to determine whether R is greater than
or less than 0, 232. If R is greater than 0, then X,
= 1/2 * (Q)/(S), 234. If R is greater than 0 from step
232, then the next step is to determine whether Q is
greater than or less than 0, 236. If Q is greater than

200 0, then X,, = -1 + 1/2 * (Q)/S, 238. If Q is less than
0, then . =1+ 1/2 * (Q)/8, 240.

Those skilled in the art can recognize that a
determination of X, need not necessarily occur in the
sequence of the steps of FIG. 5, but preferably X, is

25 calculated in the manner of Equations 1-10 as set forth

below:
Equation 1

A-B
A+B

C-D
C+D

1/{A-B A-B
Kpe= 1.0 5(A+B)/( A+B

) and(S2 < o) ana[ 22 > ),

( C+D A+B
C".D ‘)
C+D




-10-
position error.
representation
into sectors

include a data interva
~information.
i nterval
and the |iKke,

46,
The servo i nterva

transducer at a desired Iocation to mnimze the

FI G 3

‘§§9gh§5 12. Each track 18-1 through 18+3 5
I n

one preferred

and a servo interva
48 periodically interrupts the data
46 of each track 18 in order to provide 10 position information,

to the servo control protgssor 42.

t ransducer
schematic
is subdivided

t he PETUSTOL3490
48 contai ni ng servo

"shows a parti al

enbodi nent ,

When t he discs 12

are rotating (as indicated by arrow 49), sectors 20 pass by

t he transducer 26 wherein servo information is sanpled1¥ﬁ6t1°n 2 hel d
for processing by the positigning s st m 35. The 15 servo interval 48
is read during track sneg F d%ﬂb@% ahdqA- Rwlllthe transducer
26 is being noved from oca.¢t#|t an t4td tf'ack | ocation;
it is al so read during track settllng oper at i i.e when
destination track center line is bgjnd 1 q TLtransducer
26; and it is read during track folﬁomnng 2 A*Rﬁ) C*D when t he

transducer 26 is follow ng

position for

in detail bel ow

10

the center

i ne of a track and is in

reading or witing user data to and fromthe data
intervals 46 of the track being followed. FIG 3 also 25
guadrature pattern 50 as part of the servo

rst

i nterval 48,Hgndhﬁéggribed

oe 2 (S8 ane( 55> 0).
%33 /( 22 <2
Equation 4
<[5 [ ne( 2 o)
mes-3 0 3168)/(| 48 <2
Equation 5
22 (32> |52 ana( 252 > o),
h-3-2(82)/(| 22 £2)




Al t hough FIG 3 shows that each track 18 and sector 20 therein follows

a circle, FIGS. 4A and 4B are rectilinear representations of a
plurality of sectors on 30 adj acent concentric tracks which will be
under st ood bywoemssehose skilled in the art. Track 18-1 |dcafussdnibdae
radi al | y outernost region of disc 12 of those tracks depicted in FIG
3, track 18+3 lies at the radially i nnernost region of disc 12 of
those tracks depicted in WO 97/ 28529
PCT/ US97/ 01345 FIG 3, and tragks 18-0 through 18+2 lie
t her ebet ween. Track center |lines are i ndi cated at 52a- 52e,
respectively. I n one enbodi nent, each sectBguasépuosi nt erval
5 48 preferably includes an autonmatic gain control circuit (AGC)
field 60, a servo sync f] rvo adgr es A-B

BB | kB £ fana( 42> o).

l1/A-8B A-B C-D
Xpe=1.0+3 A+B)/( A+B| C+D)

Equation 7

A-B| .| C-D
Lo 24 Y £
If(lMB = )and(c = O)and(A < o)
X,-1.042 (AB)/(ABI c-D
2 \As+B A+B| | C+D
5 Egquation 8

('A+B

J8]Jana( £Z <o)

ho- -3 22) /(| 2]+ £2))
Equation S
re (2225 | €0 ana( 222 <o),
%o+ (58 /(| 25| 2|




mark field 64, an index bit field 66, a gray coded track nunber field

68, a first servo burst field 70 | abel ed "A" burst, a second servo
burst field 72 | abeled "B" 10 burst, a third servo burst field 74 | abel ed
"C' burst, WOR@R fourth servo burst field 76 |abel ed " [FCTHISPHA345
prerecorded thereon. The track nunber field 68 and the servo bursts
70-76 are used to provide absolute transducer .positioning information
to the transducer 15 positioning system 35. Track nunber field 68 al so
can be used to indicate whether a trad®-is an "odd" nunbered

track or an "even" nunbered track. In the exanple of El G 3B, tracks
18-1, 18+1, and 18+3 are odd nunbered tracks, while tFEREIABIAP and
18+2 are even nunbered 20 tracks The rel ative anplitudes
of bursts A-D are [L n9@$ g%) or time staggered, such
t hat burst D folloms burst B, which

follows burst Ain tine. In the enbodlnent shown, the 25 A.and B bursts,
70 and 72, straddle track boundarisgs.and _ ACL 9(%3d8€1“§:@ fset from each
ot her by one track w dth. The A andl B2 @yBy2 up a burst
pair. The C and D bursts 74, 76 straddle track center lines, are
radially offset fromeach other by one track, and are 30 radially of fset

fromthe A and B bursts 70, L2 By gg C burst
74 straddl es an even ;ggk anc gﬁf% ?Y? %urst str Kggmgn C‘gﬁztrack
The C and D 7%ethed Inf ﬁﬁﬁ%ﬁ?ﬁ)%ﬂﬂf?ﬁé?nbﬁT%ﬁ°ﬁial TReLR-ions

5 of either Q/2S8 or R/28, multiplied by either +1 or -1
and added to a constant. The appropriate operation for
a given circumstance is dependent on the track type
(i.e., odd or even) and the position relative the
bursts.

10 In order to test the method of the present
invention with the prior art method of calculating
position error based on using only one pair of bursts,
code was written to turn off the actuator once the heads
were on track thus allowing the flex circuit of the disc

15 drive to push the actuator arm assembly slowly away from
the track center line. The burst values were sampled
with the transducer and X, was calculated with each
method. FIG. 7 is a graph of the X, in terms of a
fraction of a track as a function of time wherein the

20 servo intervals were sampled every 150 microseconds. As
described above, the actuator was slowly moving during
the sampled period. Line 300 indicates the X, when
calculated using a single burst pair per operation. The
prior art calculates X, based on one of a single burst

25 pair of two burst pairs. After the commutation point,
the prior art calculates X, based on the other burst
pair. Region 302 indicates a commutation point, and the
non-monotonic behavior in this region is a result of the
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=12- skilled in the art wll realize that ot her
configurations are possible and contenpl at ed. FIG B5Ais a
di agram of t hegosrisy® bursts 70-76 of FIG 4B, and Fl Gchbsshsisas gr aph
of the relative 5 anplitudes of the bursts as a function of radial
position of a transducer head and corresponding with ‘FIG 5A as
i ndi cated. Line 100 depicts the electrical anpl i tude waveform of the
signals read fromthe A and B burstggln accordance with Q as a
function of radial 10 posi tion: (A-B)
(A+B) offsets and other irregularities occurring in the burst
signals which effect the X, calculation. Line 310

indicates the X, calculated over the same distance but
with the method of the present invention. At
5 commutations points such as regions indicated at 302,
304 and 306, line 310 exhibits significantly more
monotonic behavior than graph 300 which is the result of

a single operation making use of all burst sigmals.
In the above disclosed embodiment the track
10 nulls AB, BA, CD & DC were provided at the center of
each track and at the boundaries. Of course, the track
null can be positioned anywhere within the track. The
center of the track preferably dictates the placement of
the track null, for thin film heads. Additionally, if
18 the "ideal" center of the track is not at the physical
track center (position of the track null), then the
sexrvo control processor can be used to adjust the head
to a position offset from the track null by determining
to corresponding X,., and maintaining the head at the

20 X

For MR heads, the head ideal track center for
operating the read transducer is often different from
that when operating the write transducer. As stated
above, the heads are preferably positioned proximate a
25 track null because the X, determination is most
accurate when it falls within a linear region of the X,
calculations, i.e., those regions proximate a track
null. The present invention, as described below,
provides for a plurality of track nulls per track about
30 which the read head and write head can be positioned.
If a track contains two or more track nulls, additional
linear regions in the X, calculation within a track are
provided. Thus, if one track null is proximate the
ideal center for a read operation, and another track



Line 102 depicts the electrical anplitude wavef orm of the signals read
ffomthe C and D bursts in 15 accordance with R as a function of radial

posi tion: _ R

(G D WO 97/28529 (C +D) The denomni eraroswnms Q and
R function as a wei ghting factor to take into account any variations

I n burst 20 anpl i tude. : It will be apparent that the radial
wi dt h of the transducer 26 is less than the nom nal width of each

of- the tracks. This arrangenent convention&lil-y provides a margin or

guard band between each track to minimze 25 cross-talk fromtrack to
track and consequeftldatis Proximages. theni ddgpdo eentifAn s fom deadwzidiees,

i ndi cated as BpZkeridn, BhE[ ededl dariteraEbrbessh 2@ be EgBPECddee! Y,
wher-ei n the h59df§.1§dirr§c %ﬂ@bb%&ér ES Yot Ple! %gsgpeocsclitvleogpgxagtegon.
The accuracy of the X, is enhanced by the additional
5 track nulls. Additionally, by using more than one burst
pair in the calculation of the X.., as described above,
monotonicity of the calculation is enhanced thus
providing a more accurate Xee determination,
particularly, when the track null is not at the ideal

10 center.

A servo burst field wherein each servo burst
is N/{N+1) tracks wide, wherein N is equal to the number
of burst pairs, and consequently able to provide N+1
track nulls per data track is also provided. The bursts

15  within a burst pair are offset by N/(N+1) track widths,
or a burst width. EBEach burst pair is offset from the
other burst pair or pairs by 1/N+l1 track widths. The
additional track nulls provide additional linear regions
in the X,. calculation thus enhancing accuracy.

20 FIG. 8A shows a burst field having bursts A-D
70a-76a, respectively, wherein A-B and C-D represent the
two burst pairs, similar to the above-described
embodiment. However, the bursts are two-thirds of a
track wide, whereas the bursts in FIG. 4B and 5A are one

25 track wide. The bursts within a burst pair are offset
by 2/3 of a track from the other burst and the burst
pairs are offset from each other by 1/3 of a track. 1In
the embodiment shown in FIG. B8A the track nulls are
congruent with the track boundaries and each track

30 includes two track nulls therebetween. Transducer
position error X, is calculated in a similar manner as
the equations described above. In other words, X is
dependent on track type and nulls within the track.
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=13- solely on that burst pair. The position at the edges of

each burst pair |abeled AB, BA, CD and DC, wherein the di fference
between the siwoedms300 or 102 read fromthe bursts obecpuliiils Pai r
I's zero, is referred to as a 5 "track null." The electrical anplitude
wavef orm of the signals read froma burst pair in the region proximte
a track null is linear and nost suited for determning head position.
As the transducer 26 noves in a radial 1Q033-direction with respect to the
tracks, i.e., at positions 26a and 26b, an anplitude value of Q and R
wll be obt ai ned as | Thepddit imndofOLhe Lirwsk HAlantadd? efthee

fairly linear di agghals p‘élﬁaﬂ&rﬂﬁré‘{ ggk?é aQ‘EOr?st@&SeQ in the % qud R = 0.
The hori zont al ment resent I n. which 91
di spl acenent of t%g‘tlrr" n? EePS9% as eifhey PEQ’F?FQRSleE‘héﬁgé?hFo SeFyo

respecti ve equatiswervallnor as papractf cehe pxieotising mdfitawheet heFdleatezones,

however, are s  enidibbACabngws &R rksetsn aruixeottﬂck'r i94LAR! kiBS- In

racti ce, the nost _Li near ns o i nes 100 and
P nulls w ereiergJ t?\e nuils are located between a track and

can be one of the four possible burst combinations: C-D
and A-B in track K; B-A and C-D in track K+1; D-C and B-
A in track K+2; and A-B and D-C in track K+3. Track

10 bourdaries, indicated at 104a, are congruent with track
nulls and the track center lines 105a are between track
nulls in this embodiment. In the embodiment shown, this
pattern of burst combinations is repeated every four
tracks. The track number and its corresponding track

15 nulls are predetermined in the gray code field 68,
Given the track number, it is possible to determine
which of the four track null combinations is provided
therein, and the positioning of the transducer based on
X,. can be determined.

20 FIG. 8B is a graph of the relative amplitudes
of the bursts as a function of radial position and
corresponding with FIG. B8A. Line 100a depicts the
electrical amplitude waveform of the signals read from
the A and B bursts in accordance with the Q as a

25 function of radial position. Line 102a depicts the
electrical amplitude waveform of the signals read from
the C and D bursts in accordance with R as a function of
radial position. Dead Zones D-2,, and D-Z., are
indicated.

30 FIG. 8C is another embodiment wherein each
servo burst is N/(N+1) tracks wide, wherein N is equal
to the number of burst pairs, and consequently provide
N+1 track nulls per data track. In this embodiment, the
servo bursts are 2/3 of a track wide; there are two



20 are these regions proximate 0 anplitude, i.e., regions near a
t'rack null. The generally diagonal segnents mark radi al position of
the head in which anplitude is proportional to radial displacenent.
Thus, given tN¥P972852% r ack number and anplitude of one of |PGRESITBI*Snd
102, 25 the track position error (X err]) can be determ ned. For

exanpl e, as the head 26 noves away fromthe center |ine of track 18-0,
radi al head position point 111, toward track 18+1, burst pair A-B can
he used to calculate X err] rel ati ve*doint 111. After the head noves

past radial 30 ad position.point 112,,one-guarter track,fro i nt
11, X[err] can bég§avhu‘%Fédpﬁﬁ?ﬁ'b%fgt'p%ig Egﬁ gssbu%gé Ehefegégg A-B
approaches non- | iTfege tyaghul lgeREr z80%a track.af dar thig)ieeoRéamgnposi ti on

poi nt 113, three-wuArdraick Bbundaried Woabkaksobepweat tlel crdckr nhitan be
|gaC|'|'/ClLJJ|SSt7/e(C)i 1\§"4t5h bel‘HdStthe track XQ\‘?GZ{ 2§)§?e9s 105b are congruent with a
5 track null. In the embodiment shown, a track can
include one of four possible burst combinations: CD,
AB, DC in track J; BA, Cb, AB in track J+1; DC, BA, CD
in track J+2; and AB, DC, BA in track J+3. This pattern
of burst combinations is repeated every four tracks,
10 i.e., track J includes the same track null combinations
as track dJ+4. Again, the track number and its
corresponding track nulls are predetermined in the gray
code field 68. @Given the track number, it is possible
to determine which of the four track null combinations
15 is provided therein, and the positioning of the
transducer based on X, can be determined.

FIG. 8D is a graph of the relative amplitudes
of the bursts as a function of radial position and
corresponding with FIG. 8C. Line 100b depicts the

20 electrical amplitude waveform of the signals read from
the A and B bursts in accordance with Q as a function of
radial position. Line 102b depicts the electrical
amplitude waveform of the signals read from the C and D
bursts in accordance with R as a function of radial

25 position. Dead zones D-Z,, and D-Z.,; are indicated.

Similarly, a servo pattern having three burst
pairs produces four track nulls when each burst is
three-quarters of a track wide is shown in FIG. 9A. The
burst pairs are represented by A-B, C-D, and E-F. The

30 bursts within a burst pair are offset by 3/4 of a track
from each other {(N/N+1). The burst pairs are offset by
1/4 of a track from each other {1/N+1). Track nulls are
located at the colinear edges of each burst pair. Track
nulls are indicated by aB, BA, CD, DC, EF and FE. In



-14- pair A-B through radial head position point 114 as burst

pair CGDis near and within a Dead Zone. This process can be conti nued
as head 26 traverses arc 30. | deal ly, the relative
anpl i tudes ofweaeesskpurst 5 are identical. In practice, howrusyo13ds
difficulties arise wi th the above nethod of calculating X err] through
use of a single burst pair in part because of anplitude vari ance
of each burst due to offsets or other irregularities. The consequence
of these irregularities 10 and offsets4i.s exenplified at points

where the calculation of X[err] switches from enpl oyi ng one burst
pai r to enpl oyi nghe rresteingr ebbodimerdi,r eashichraak atn inclygiei nhsed iz, 113,

and 114, which apsut eepRek "ROITRIBLiWten the RUUHGEriBal LT G4l A Yhe
significant are 0| nts,112

e quarter track .from
center |ines 52b°2R4°-deserd gc?g m&P‘B°%‘a'E%’P"r'y th'gh?arrpl?i"ﬁdesp%?s%l&nd R are
preferably equal Comlq#tamsc@f oackenul bsppddurdds sequence sarwh 3@ nt s
often tines gre gésfared eexbé&-yab@uteel%’eacks. ThSs, Usivih acnd rtgérae:kburst
pair to calculatgh%gerr] at, 20 d%?t%FX beforewﬁhqénqgt oi nt and
t hen anot her et Haitsi d‘ tely SFAT ot At S éﬁ? can
provi de signals P@llheasxﬁn&$m9®ﬁ§rohspr®€e§$é¢d42theretqwuhanﬁ|lﬁ}ean

erratic change iposdidringhess i rneaCtrddiu@er badt’s BR KUChcghamge in

osition error. Ln other rds, 25 using only one pair Fof bursts at a
p ete &M)

time in the dtion of X err] does not show nonotonicitiy at the
10 FIG. 9B is a graph of the relative amplitudes
of the bursts as a function of radial position and
corresponds with FIG. 9A. Line 100b depicts the

electrical amplitude waveform of the signals read from
the A and B bursts in accordance with Q as a function of

15 radial position. Line 102b depicts the electrical
amplitude waveform of the signals read from the C and D
bursts in accordance with Equation R as a function of
radial position, Line 103b depicts the electrical
amplitude waveform of the signals read from the E and F

20 bursts in accordance with T as a function of radial
position:

(E- F)
(E+ F)

Although the present invention has been
25 described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.



comut ation points, particularly near plus or ninus one- Jm“uwﬁl ﬁug:ﬂflmi :
tfack as nmeasured fromthe ideal center (i ndicated adiMuEH .

| i nes 52a-52e), 30 A method of the present invention, descri bed
bel ow, increas®® ¥ ccuracy of the X err] deternination PCTASSIMSVi des
for a nore nonotonic behavior of the X err] signal . Sinply put, the
present invention nmakes use of each servo burst pair in every Xerr]

cal cul ati on. Thus, WD 97/ 28529 _ _

PCT/ US97/ 01345 in the X[err] c&%=ul ati ons previously enploying a

single burs i he other burst pair is provided to account
for disparate am%@g—é%%sts whi ch i ncreases overal |
accuracy of the XRerr] cal culwdtibod, fpar tietetminingathead pokliesén regi Hns
proxi mate the comadtal+tfdhdi¥cBiShead relative to a SEledtll nQ%QQ:‘Q‘aE:Q 511[ G 6 a
flow chart ISPREL LI 215 0P IRy 02 S e Re % ach hiaving At
least one pre-recorded servo sector within a magnetic
disc drive, including:
providing a set of at least four radially
offset, time staggered servo bursts each
providing a burst amplitude and within
the servo sectors;
detecting the presence of a servo sector;
reading the burst amplitudes to determine
relative burst amplitudes; and
determining from a single operation including
the relative burst amplitudes the
position of the data transducer head.
2. The method of claim 1 wherein the step of
providing a set of servo burst includes:
providing at least a first, second, third and
fourth time staggered servo bursts
having a burst width wherein the first
and second servo bursts are radially
offset from each other by generally a
burst width such that an edge from each
of the first and second bursts are
substantially colinear forming a first
track null, wherein the third and fourth
servo bursts are radially offset from
each other by at least a burst width
such that an edge from each of the third
and fourth bursts are substantially
colinear forming a second track null and
the third and fourth bursts being
radially offset from the Ffirst and
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invention 1is provided. At each point where Eﬂmﬁﬂlﬂwm&ﬂﬂ
Xpe is desired, the anplitudes of bursts 10 A-D and corr *

nunmber of the track servo interval 48 are read 200. The ratios of Q
and R and wadessee absol ute values, Q and R, respectingiseriabs

t hen cal cul ated 202. Cal cul ation of X err] principally enpl oys the

| esser of Q and R which indicates that 15 the head is proxinmate the
respective track null, whereas the greater of Q and R indicates
that the head is proxi mate the respegtd ve Dead Zone and is less |ikely
to provide a useful result. Additionally, the track nunber field
68 of the desired track is obt segeddt bursids dat e@n20 haMiebtfiethe heutstack i s

ei ther odd or even, 204 As SU&Eth based on Q Q, R R and track
nunber, Xferr] is cula track nunber is

even, the next sPep is et 5‘%5?@ ?r?n%l%%tzhgpe’ff’i’é tILhI?s?“FﬁEﬁ S great er
t han 25 R, 26éme ptagqprdd sugds thhlinth® fourdn kurstnérllewepthe isto

det er mi ne whet hekhQriSh@Fat @het BAMr@' bl afS ftol.maws the Q;ecaaa bursd, Qis

| ess than O, X[err rekn S= Q + R
. If Qis greaternli thet%ea%cm(?l&’ﬁ 8?rf°11°&'75)2 tg? ?’ 212. 30
If R is less than Q, fFhem Odtmfnﬂ‘iBINZ quelsltéﬁlelsstepd@ﬁermne

whether R is | esgebB@figOfhe bur@tCahSlitddy Qnc2ldesIf R is greater than O,
then Xlerr] /2 (Q)/(a%):.h321€)he first and second bursts to
determine a first relative amplitude
therebetween; and
reading the third and fourth bursts to
determine a second relative amplitude
therebetween.
5. The method of claim 4 wherein the step of
determining from a single operation determining the
position of the data transducer head from a single
operation including the first relative amplitude and the
second relative amplitude.
6. The method of claim 5 wherein;
the first relative amplitude comprises a
first weighted difference between the
first and second bursts; and
the second relative amplitude comprises a
second weighted difference between the
third and fourth bursts.
7. The method of claim 6 and further comprising:
determining the location of one of the first
and second track nulls; and
determining the position of the data
transducer head relative to the one of
the first and second track null.
8. The method of claim 7 wherein the data track
has two track boundaries, a track center, and a track
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--16- If Ris less than 0, then the next ste

det er mi ne whet her is less than or greater than 0, 218. |s Iess
than 0, then XF@??’P‘SZI 1/2 * (Q/(S), 220. If O0is gr%‘é’i"ésr” B’h o,
tthen Xerr] =-1- 1/2* (Q/(S) 5 220. If Qat step 218 is greater
than 0, then Xerr] =1 - 1/2 * (Q/(S), 222. : I f at
step 204 the track nunber is odd, the next step is to determ ne
whether 1Q is less than IR 224. #7-Q is greater than R then

the next step is 10 to d tern1ne whether Qis | ess than, or rea&& t han
0, 226. |f Y39 a8E YIRRRIR Chenwigtdh Of thehursts)is generalgy) (),
228. If Qis greatlsr wihdtth QE tdhen ddter thrack/ 2wherein WM fixsR) /tx8ck 230.

If .Q is less thag,Ridr qméma?ﬁ%a doRGRudre w5 REX! 5480 dehrke?,

determ ne whet her Fzé £ éeggégﬁd track null is substantially congruent
with one of the track boundaries.
9. The method of claim 7 wherein the data track
has two track boundaries and a plurality of track nulls
therebetween.
10. The method of c¢laim 7 wherein the step of
determining the location of one of the first and second
track null includes determining whether the absolute
value of the first relative amplitude is greater than
the second relative amplitude, and whether one of the
first and second relative amplitude is greater than
zZero.
11. The method of claim 7 wherein the step of
determining the position of the data transducer includes
determining an intermediate amplitude equal to one half
of one of the first and second relative amplitude
divided by the sum of the absolute values of the first
and second relative amplitudes.
12. The method of claim 7 wherein the servo sector
also includes a track identification code pre-recorded
therein such that determining the location of one of the
first and second track null is dependent on the track
identification code.
13, A magnetic disc drive having:

an actuator arm having a transducer head;

a magnetic disc having a magnetic surface
with a multiplicity of concentric data
tracks thereon wherein each track
includes at least one servo sector,

comprising:
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or less than 0, 232. If Ris greater than 0, then X[err] ull mll “l ull
CQ/(S), 234. If Ris greater than O from step 232, th

is to determine whether Qis greater than or |ess t han 0 236.

greater than 209783529t hen X[err] =-1 + 1/2 * (O/S, 238. b{-r,ﬁs,ml,l@ss

t han 0, then Xferr] =1+ 1/2 * (Q/S, 240. Those
skilled in the art can recogni ze that a determ nation of X err] need
not necessarily occur in the sequence of the steps of FIG 5, but
preferably Xerr] is 25 cal cul ated i n t4e manner of Equations 1-10 as set
forth bel ow: Equation 1
[err] WO 97/ 28529 a first, a second, a third, and a fourth

PCT/ US97/ 01345 time staggered servo bursts having

a burst width wherein the first and
second servo bursts are radially
offset from each other by generally
the burst width such that an edge
from each of the first and second
servo bursts are generally co-
linear forming a first track null;
and
wherein the third and fourth servo
bursts are radially offset
from each other by generally
one burst width, and from the
first and second bursts by
generally one-half the burst
width such that an edge from
each of the third and fourth
bursts are substantially co-
linear forming a second track
null; and
control circuitry operably coupled to the
actuator arm for processing information
on the magnetic disc.
14. The magnetic disc drive of claim 13 wherein
the servo sector further includes a track identification
code pre-recorded therein.
15. The magnetic disc drive of claim 14 wherein
each track includes two track boundaries, a track width
generally equal to the radial distance between the two
track boundaries, and a track center wherein the burst
width is substantially equal to the track width and the
first track null is substantially congruent with one of
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a7 couetion 2 | [ EHFIA A

Equation 3
WO 97/28529 PCT/US97/01345

-26-

the track boundaries, and the second track null is
substantially congruent with the track center.

16. The magnetic disc drive of claim 14 wherein
the burst width is generally equal to two-thirds of a
track width, and wherein the ¢track boundaries are
congruent with the track nulls and each track includes
two track boundaries and two track nulls within the
track boundaries.

17. The magnetic disc drive of claim 13 wherein
the servo bursts each provide a buxst amplitude to be
read by the transducer head and processed by the control
circuitry wherein the control circuitry positions the
transducer head above thé track based upon a single
operation including four burst amplitudes.

i8. A magnetic disc drive having a transducer head
on an actuator arm; a magnetic disc, the magnetic disc
having a magnetic surface with a multiplicity of
concentric data tracks thereon wherein each track
includes at least one servo sector, each track having
two track boundaries and a track width generally equal
to the radial distance between the track boundaries the
magnetic surface comprising:

a plurality of radially offset and time
staggered servo bursts pre-recorded on
the servo sector, the servo bursts
having a burst width and arranged in a
plurality of angularly adjacent burst
pairs, wherein each burst within a burst
pair is radially offset from the other
burst by a distance generally equal to
the burst width, wherein each burst pair
is radially coffset from the other burst
pairs by an amount generally equal to
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Equation 5 10
WO 97/28529 PCT/US97/01345
-30-

the burst width divided by the number of

burst pairs; and
control circuitry for detecting and
processing information on the magnetic

disc.

19. The magnetic disc drive of claim 18 wherein

each data track includes an amount of track nulls equal
to the number of burst pairs plug one.

20. The magnetic disc drive of claim 18 wherein
the number of servoc bursts is four, the number of serxrvo
burst pairs is two, wherein one burst pair is radially
offset from the other burst pair by a distance generally
equal to one-third of the track width.

21. The magnetic disc drive of claim 18 wherein
the number of bursts is six, the number of burst pairs
is three, and each burst pair is radially offset from
the other two burst pairs by a distance generally equal
to one-fourth of one track.

22. The magnetic disc drive of claim 18 wherein
the track nulls are congruent with the track boundaries.
23. The magnetic disc drive of claim 18 the track
boundaries are between track nulls.

24. The magnetic disc drive of claim 18 wherein
the contxol circuitry positions the transducer head with
reference to a track null.
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5 Equation 8
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[err] As indicated by the above equations, the met hod
of the present invention enploys the operations 5 of either Q2S or R 2S,
nul tiplied by ewph@sesiyl o -1 and added to a constant. The appropriate
operation for a given circunstance is dependent on the tpc@aisotoyiRs
(i.e., odd or even) and the position relative the bursts. 10

In order to test the nethod of the present I nvention with the prior
art nethod of cal cul ating posi tion es9r based on using only one pair
of bursts, code was witten to turn off the actuator once the heads
were on track thus allowing the flex circuit of the disc 15 drive to push
the actuator armassenbly slowy away from the track center line. The
burst val ues were sanpl ed with the transducer and X err] was
cal cul ated with each method. FIG 7 is a graph of the Xerr] in terns
of a fraction of a track as a function of time wherein the 20 servo
intervals were sanpl ed every 150-#&kroseconds. As descri bed above, the
actuator was slowy noving quﬁg;—- t he ganpl ed period. Line 300

i ndi cates the X err] when cal9a+aLed_ueng_g_iLﬂgLi burst pair per
operation. The T /4
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prior art calculates X err] based on one of a single burst 25 pair of two

sburst pairs. After the commutati on point, the prior art cal cul ates
X[ err] based on the other burst pair. Region 302 indic _
comut ati on PP AY28528nd t he non- monot oni ¢ behavi or in tﬁ%gg'&%sn is a
‘result of the WD 97/ 28529
PCT/ US97/ 01345 - 20- of fsets and
other irregularities occurring in the gt signals which effect the
X[err] cal cul ation. Li ne 310 indicates the X[ err] cal cul ated over
t he sane di stance but with the nmethod of the present invention.
At 5 conmmutations points such as regions indicated at 302, 304 and
306, line 310 exhibits significantly nore nonot oni ¢ behavi or than
graph 300 which is the resul txof o a Si n%e opelt;ation &g ki ng use of all
burst signals. V © © %
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In the above di scl osed enbodi nent the track 10 nulls AB, BA, CD & DC were

:provi ded at the center of each track and at the boundaries. O course,
the track nul | can be positioned anywhere within the tr
center of theWPPHEI2%referably dictates the placenent of PC%R%WQEQSaCk

null, for thin filmheads. Additionally, if 15 the "ideal" center of the
track is not at the physical track center (position of the track
null), then the servo control proc@éﬁbr can be used to adjust the head
to a position offset fromthe track null by determ ning to
corresponding X/ err], and maintaining the head at the 20 Xerr].

For MR heads, the head ideal track center for operating the read
transducer is often different from t hat when operating the wite
transducer. As stated above, the heads are preferably positioned
proxi mate a 25 track null because the Xerr] determnation is nost
accurate when it falls within a |inear region 9f the X err]

calculations, i.e., dse ﬂ@boonsﬁbﬂoxiﬁﬁg a YE%tK nul | . The
present invention,~—d5 deschrbed—etow—"——pr'ovides for a plurality of
track nulls per track about 30 which the read head and wite head can be

posi tioned. I fs a trggk corgpains or ret k nulls, additional
Fon i A n g FP

linear regions in theggefr] alculat”on Wi ck are provi ded.
Thus, if one track}nu i 6ggxinng theAB' i%?al center for a read
operation, and anofher¥track ¢ £
' n Bk :
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WD 97/ 28529 PCT/ US97/ 01345

-21- null is proximate the ideal center for a wite oper ati on,
the ideal center for each can be cal cul ated by findin per
Xerr] for t@RQoresmpecti ve operation. The accuracy of P?ﬁé’gﬁfng"rg] S
. enhanced by the additional 5 track nulls. Additionally, by using nore
t han one bur st pair in the calculation of the X err], as described
above, nonotonicity of the calculz%hgn i s enhanced thus provi di ng
a nor e accurate X[ err] determ natiion, particularly, when the
‘track null is not at the ideal 10 center. A servo burst
field wherein each servo burst Is NNM(N+1) tracks wide, wherein Nis
equal to the nunber i ently able tqQ provide
N+1 track nulls per data track i The bursts™5
wWithin a burst pair afe offpet—ty MWtMN=) track w dths, &9 N
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ok a burst width. Each burst pair is offset fromthe ot her burst pair
or pairs by 1/N+l track widths. The . additional track nulls provide
in the X err] calculation thus enhanci ng

addi tional |inegpekg@io0NS
accuracy. 20 ol FIG B8A shows a burst field having betgsspfyd
70a- 76a, respectively, wherein A-B and C-D represent the two bur st

pairs, simlar to the above-described enbodi nent. However, the bursts
are two-thirds of a track wi de, mheegqé the bursts in FIG 4B and 5A
are one 25 track wide. The bursts within a burst pair are offset by
2/ 3 of a track fromthe other burst and the burst pairs are offset
fromeach other by 1/3 of a track. In t he enbodi nent shown in FIG 8A
congruent with the track boundaries and each track

the track nulls are

30 includes two track nulls therebetween. Transducer posi tion
error X[err] is calculated in a simlar manner as t he equati ons

descri bed above. In other words, Xerr] is dependent on track type and

nulls within the track. WD 97/ 28529
PCT/ US97/ 01345
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-22- The position of the track nulls based on the
correspondi ng burst pairs are provided in the servo control processor
as either prerecorded in the servo interval or as part_of th

executing sof WRY#352kor the 5 enbodinent shown in FIG 8A, P%S’Y’E’é’ﬁ(s
include two null's wherein the nulls are | ocated between a track and
can be one of- the four possible burst conbinations: CD and A-B in
track K, B-Aand CGDin track K+1; D-C FHWoB- Ain track K+2; and A-B
and DCin track K+3. Track 10 bourndaries, indicated at 104a, are
congruent wth track null's and the track center |ines 105a are between
track nulls in this enbodinent. In the enbodi mrent shown, this

pattern of burst conbinations is repeated every four tracks. The track
nunber and its corresponding track 15 nulls are predetermined in the gray
code field 68. G ven the track nunber, it is possible to determ ne

whi ch of the four track null conbinations is provided therein, and the
positioning of the transducer based on X err] c eper mpned. 20
FIG 8B is a graph of the relative anplitudes a{;ﬁ é‘zs%

function of radial posjtion anﬂ, correspondln%‘ L|ne 11 Oa
depicts the electrfbal anp<f{ude maﬁ%fornlof ?Ee S|gn£?4 read Kﬁﬁm
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the A and B bursts in accordance with the Qas a 25 function of radial
position. Li ne 102a depicts the el ectrical anplitude waveform of the

signal s read frQggssi he C and D bursts in accordance with R as a function
of radi al positron. Dead Zones D-Z[err] and D Z[ err] rer®sso13ss

I ndi cated. 30 FIG 8C is another enbodi nent wherein each

servo burst is NN(N+tl) tracks wde, wherein Nis equal to the nunber of

burst pairs, and consequently provide track nulls per data track.
re 2/3 of a track wide; there are

In this enbodiment, the servo bursts

t wo WD 97/ 28529 PCT/ US97/ 01345
- 23- servo burst pairs, i.e., A-Band CGD;, and there are three
track nulls per data track. In this enbodi nent, the track boundari es

104b are between the track nulls

Fig. 8C
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and the track center lines |05b are congruent wwth a 5 track null. In
1 he enbodi nent shown a track can I ncl ude one of four possible burst
-conbi nati ons: AB, DCin track J; BA, CD, ABin tr Cﬁ'{lff;‘;ldlsgc’ BA,
CD in tr%ﬁ?"@ﬁ’ and AB, DC, BA in track J+3. This patalf of
burst conbinations is repeat ed every four tracks, 10 l.e., track J

I ncl udes the sane track null conbi nations as track J+4. Agai n,

the track nunber and its corresptofi®ng track nulls are predeternined

iin the gray

to determ ne wh
therein, and
can be determn
anpl i tudes

code field 68. Gven the track nunber, it is possible
ich of the four track null conbinations 15 I's provided
the positioning of the transducer based on X err]
ed. FIG 8D is a graph of the relative

of the bursts as a function of radial position and

corresponding with FIG 8C. Li ne 100b depicts the 20 el ectrical

anpl i tude wavef
accordance with
depicts the ele
Cand D bu
position. Dead
Simlarly, a se
track nulls whe
in FIG 9A The
30 bursts wt
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least one

pre-recorded servo sector within a magnetic

disc drive, including:
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providing
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A

providing a set of at least four radially
offset, time staggered servo bursts each
providing a burst amplitude and within
the servo sectors;

detecting the presence of a servo sector;

reading the burst amplitudes to determine
relative burst amplitudes; and

determining from a single operation including
the relative burst amplitudes the
position of the data transducer head.

The method of claim 1 wherein the step of

a set of servo burst includes:

providing at least a first,'second, third and
fourth time staggered
having a burst width wherein the first
and second servo bursts are radially
offset from each other by generally a
burst width such that an edge from each
of the first and second bursts
substantially colinear forming a first
track null, wherein the third and fourth
servo bursts are radially offset from
each other by at least a burst width
such that an edge from each of the third
and fourth bursts substantially
colinear forming a second track null and
the third and fourth bursts being
radially offset from the f£first

servo bursts

are

and

1 Description :
Claim(s}
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depi cts

anplitude waveform of the signals read fromthe C and D

rdance with Equation R as ggLunction of radi al pos
cts the electrical F

ition.

I tude waveform of the signals

of

(E +

SEi ?ing nF 20 buggkdnig" b%%%%dw%ﬁ@ tha1'f a5 achenNphirg
' widthg. F)
TAkt hsetgiod hef pcaadnt 3 nwketedn e beesp 2bf

3.
f f nbodi kers ski
FepaRognese PREBCCRRRYSE SS TRETERES o o | o Torm and det ai

ing from readihg spheitfandtscapd osechsdi nbumsten. to
determine a first relative amplitude
therebetween; and
reading the third and fourth bursts to
determine a second relative amplitude
therebetween. '
4. The method of claim 3 wherein;
the first relative amplitude comprises a
first weighted difference between the
first and second bursts; and
the second relative amplitude comprises a
second weighted difference between the
third and fourth bursts.
5. The method of claim 4 and further comprising:
- determining the location of one of the first
and second track nulls; and
determining the position of the data
transducer head relative to the one of
the first and second track null.
6. The method of claim 5 wherein the data track
has two track boundaries, a track center, and a track
width, and wherein the width of the bursts is generally
the width of the data track, wherein the first track
null is substantially congruent with the track center,
and the second track null is substantially congruent
with one of the track boundaries.

7. The method of claim 5 wherein the step of

determining the location of one of the first and second
track null includes determining whether the absolute
value of the first relative amplitude is greater than

| I ed



da‘irrs C1 v A‘rrethod for determ' [ mm ( I of a data transducer

head relative to a sel ected one trac ’Inﬂll fl Imﬂﬁl ”HFy of COﬁMﬂEMENﬂ%‘}EET
tracks each having at |east one pre-recorded strvo sector within a nagnetic

di sc drive, including: providing at least a first, second, third

and fourth tine st agger ed s? 0 bursts having a burst wi dt h
wher ei n the first, and second servo bursts are radially offset

from each O]E hertltaf/ Q@é&ﬁ&h&&l&tmS&mﬁmwdéucénah%ether one of tHt legge
f ch of t irst gnd seco
cz)lolmnggr form mg-ufY% | pe cﬂ at::.ve amplitudgh s Er?ﬂEthltrltﬁfhnd

fourth servo bwextcs. are radl ally of fset fromeach other by at

| east a burst w dth such frome ch of the third
and fourth bur\?;ts The method (g tanatlﬁ'é Ey%il ﬂ‘é’ar 8 £isecond
track null detemml@l&hﬁhposhtldneaﬂth@udabamratsadlhcaemg.mﬂdicﬁdd y

of f set deternf:.rrﬁrﬂé g Eh%%&m@ﬁﬁaﬁ%c&ﬂg%geﬁéés %Y rl-teo 3l o e

burst w dt h; ctlng resence serv

reading the fi ®% 9R8 s%%o?f&i‘%uf%’c’% t Anget ELFPRE arﬂ#%itve amplitude
rel ative anpli tmdaddﬂerkqbeﬂwem of the abeadiute WRQuleldi b #BE FQWED

bursts to det ery el ative anplitude therebetween;
S Pl grive, armayees

vvhere|nthef|rs atlvea | és a first
A magnetic disc drive having:

an actuator arm having a transducer head;

a magnetic disc having a magnetic surface
with a multiplicity of concentric data
tracks thereon wherein each track
includes at least one servo sector,
comprising:

a first, a second, a third, and a fourth
time staggered servo bursts having
a burst width wherein the first and
second servo bursts are radially
offset from each other by generally
the burst width such that an edge
from each of the first and second
servo bursts are generally co-
linear forming a first track null;

and
wherein the third and fourth servo
bursts are radially offset
from each other by generally
one burst width, and from the
first and second bursts by
generally one-half the burst
width such that an edge from
each of the third and fourth
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netel nthe socandror ot ve a1t ued N lﬂiﬂ‘lﬂ?ﬂllll Wl <o ipuibied Sueer

wei ghted di fference between the Rirl and fourth bursts;
determ ning froman operation including the flrst and second
relative anplitudes the position of the dzga transducer head.
2. The nmethod of claim1l wherein the bursts are tine staggered such

that the fourth burst follows the third bhursts &ahe Bhbs&ahﬁ&aﬁlj%ﬂdﬂws t he
second burst, and the second burst foll L bhur
. O%Ehé&e :Eézrnﬁng %’ ec':ond (flhe

The method of claim1 and further conpri erm hit
| ocation of one of the first and second‘null, and track nuIIs, and

o Ehm onor "eh2CF " SRS SRR SIS coppred to wiél ative
actuator arm for processing information
on the magnetic disc.

10. A magnetic disc drive having a transducer head
on an actuator arm;'a magnetic disc, the magnetic disc
having a magnetic surface with a multiplicity of
concentric data tracks <thereon wherein each track
includes at least one servo sector, each track having
two track boundaries and a track width generally equal
to the radial distance between the track boundaries the
magnetle surfaceycompﬁlslngn__n
‘o oa plugality, qﬁ ﬁad;ally offset and time
staggered servo bursts pre-recorded on
the servo sector, the servo Dbursts
having a burst width and arranged in a
plurality of angularly édjacent burst
pairs, wherein each.burst within a burst
pair is radially offset from the other
burst by a dlgtance generally equal to
the burst width, wherein each burst pair
is radially offset from the other burst
pairs by an amount generally equal to
the burst width divided by the number of
burst pairs; and
control circuitry for detecting and
processing information on the magnetic

disc.
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26 4. ‘The method of clarm 3 wherein the data track
boundaries, a track center, and a traek w dth, and mhereiﬂﬁiﬂéa@ﬁﬁfsﬁgE[the
bursts is generally the width of the“data track, wherein the first track
null is substantially congruent with the track center, and the second track
nul lcisiggibst antial |y congruent with one of the track b({ﬂlﬂﬁﬂljﬁiuﬂ"m mr
nmet hod of claim 3, wherein the data track has two track
plurality of track nulls therebetween. 6. The net hod of claim 3
wherei n t he Btmegrhoid detredatairngnihg hewdtpai miforord af ddbe frdrséd vl second
t r ackead| Iralediindes tdet @r ielisurathether thackbswol ute waltuépdficthe fof st
r el aconeenirpl ¢ tdafkea | traghmteach havingeasetendtr ehat pve- napdbidedesexyal
whet $eFtonewbinineaf prgnehhd dbsondrive atineludpigtude is greater than
zero. 7. Provnédipghal beast ai nf Brahereecnde Eltlélpdo&n@leg@ﬁmhlﬁgmlt he
position of the dai:ag ?Eﬁ@dﬁ@é‘f’ol H’&Fﬁ&és hgariaGmiani P Hh YHLeR ngaedn
anpl i tude equal t&PBnEIRSF2 §t§n6r§e66§ aFéVagfgéet
anpl i t ude di vi ded 59mtﬁ§c ufF BTt R¥ %%Eg?ci Yy3| jegst width such tha
rom each o irst an second bursts are
substantlally colinear forming a first track null,
wherein the third and fourth servo bursts are radially
offset from each other by at least a burst width such
that an edge from each of the third and fourth bursts
are substantially colinear forming a second track null
and the third and fourth bursts being radially offset

from the first and second bursts by one half of the
burst width;

detecting the presence of a servo sector;

reading the first and second bursts to determine a first
relative amplitude therebetween;

reading the third and fourth bursts to determine a second
relative amplitude therebetween;

wherein the first relative amplitude comprises a first
weighted difference between the first and second
bursts, and wherein the second relative amplitude
comprises a second weighted difference between the
third and fourth bursts;

determining from an operation including the first and

second relative amplitudes the position of the data
transducer head.

The method of claim 1 wherein the bursts are time staggered
such that the fourth burst follows the third burst, the third burst
follows the second burst, and the second burst follows the first

burst.
< The method of claim 1 and further comprising:
determining the location of one of the first and second
track nulls; and
determining the position of the data transducer head
relative to the one of the first and second track
null.
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of the first and second relative arrplltu ﬂlu ' ll i!t'et pol A i
wherein the servo sector also |ncI q I I Iatlhon gg%ﬁw SHEE'[

pre-recorded therein such that deter | ng the location of one of the first
and second track null is dependent on the track identification code. 9.

A magnetic Gl‘h%Cngh‘é‘a %V;:T 'm herel ahctu t.or arm h |n a transducer
hea ‘EB_ da.rles,a %ené @. Y}x Vid gr{: l'g riﬁ?% W g.:g’eln t:hi

mul /e Cl Bec%lﬁ‘aé%té ée&'&i‘fﬁg l'feerﬁﬂﬁ't el e daF.a t ckeeaCh
tra%éﬂé@.dl% 361%@@ ré’éke ‘flantlally congrii@ib’ {3 the

a fithglck 2e9@@@dand tRAEM decdhd @ri&&” 1 1{® substantially c n e%qi ered
ser 3 daurcsiss d’@\ﬁm e a0 1 ?do,jﬁdi \bnere I'n toheq first and

second servo bursts are radially offset from each other
by geperal | yrHehenethod of claim 3. whbuésh vhétdasacirddiathad wage f4am each
of tdmundaries and a plurdliitst afhdeedontiiser Whedndksdcverire. general |y co-
linear formng a first track null; and wherein the third
and_6fourt h Thernethdsdirat sclaime. 3. wherein the step of detaimall ing ofHe et

f r oo EPn Opﬁ'erong%of the first and secom@némralicky pndlbuimtlwdel h,

and 49tRERiRing whether the absolugs ryaluad @céde biisss byelpwiral |y
one-amplitude 1is greater thay fthee $rEAd winglirtdiven, anpt igpdedgeatd om
eacH”kEﬁt}?sh’é PR raf are 1ot th A stacepd relative amplitude is greater

subst3#Ri 28¥9- co-linear forming a second track null;

andL The method of claim 3 wherein the step of determining the
position of the data transducer includes determining an
intermediate amplitude equal to one half of one of the first and
second relative amplitude divided by the sum of the absolute values

of the first and second relative amplitudes.

8= The wmethod of claim 3. wherein the servo sector also
includes a track identification code pre-recorded therein such that
determining the location of one of the first and second track null
is dependent on the track identification code.

9. A magnetic disc drive having:

an actuator arm having a transducer head;

a magnetic disc having a magnetic - surface with a
multiplicity of concentric data tracks thereon wherein
each track includes at least one servo sector,
comprising:

a first, a second, a third, and a fourth time
staggered- servo bursts having a burst width
wherein the first and second servo bursts are
radially offset from each other by generally the
burst width such that an edge from each of the
first and second servo bursts are generally co-
linear forming a first track null; and

wherein the third and fourth servo bursts are

radially offset from each other by
generally one burst width, and from the
first and second bursts by generally one-
half the burst width such that an edge from
each of the third and fourth bursts are
substantially co-linear forming a second
track null; and

control circuitry operably coupled to the actuator arm for
processing information on the magnetic disc wherein
the servo bursts each provide a burst amplitude to be
read by the transducer head and processed by the
control circuitry, the control circuitry being




w LY

con oo npeety, room o i MMM e e
be

%¥9 the servo
bursts each provide a burst anplitude %o read by the

transducer head and processed by the . ' control circuitry, the
control circuitrycbgERfured to read the burst amplitudes and de2drmine
configured to read thersurstepapivd udarlaindidiet efsTi @6 first weigh@edli ISt
rel ative anplituddifi§eaehtesbenwieght @the burst ampliliddes epeevbedaern t he
burst anplitudes phevifiedsby and second shevbirstraing secbne seewonBursts
and a second relativer glmgtliivaidenpi$ t adseaondl seeightedi hfédrdntker ence
bet ween t he bur st Pafpeeruties pivst @ewlirudes pivovddaddoy the third apdurth
servo bursts, whefel¥tbhesasom rioRretg cuivheyein the contpebi ciyeyithy
transducer head aPoFdtipast taek trageglucer head abeywnthfetrpekt baggdsecond
relative anplitudd@®°n Fe L£irphe apgdysecraddirsd adiivee P LALHORSO  wherein

the sgrvo segtor further includes a track identification.code pre-recorded
her cite . b RO Sl v v i BB

of = ¢t .
es a entification code pre-récorde
therein.
11. The magnetic disc drive of c¢laim 10 wherein each track

includes two track boundaries, a track width generally equal to the
radial distance between the two track boundaries, and a track
center wherein the burst width is substantially equal to the track
width and the first track null is substantially congruent with one
of . the track boundaries, and the second track null is substantially
congruent with the track center.

A2. The magnetic disc drive of claim 18 wherein the burst width
is generally equal to two-thirds of a track width, and wherein the
track boundaries are congruent with the track nulls and each track
includes two track boundaries and two track nulls within the track
boundaries.
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i-ncl udes two_track boundaries, a track width generally equal to the radial
di stance between the two track boundarl es, and a trachgate®-erei prike
burst width is substantially equal to the track wi dth and thegffs
null is substantially congruent with one of the track boundang T et
second track nuPICTH subst amworInyLLECY V\,ﬁ%mg%mkﬁmmhwtrack »“’ <, %gﬁ&e

The magnetic disc drive of claim10 ereln the burst width i s gener E‘g
equal {0 INEERMAIONAL APPLIGATION PUBTSHED ATENR COOPERATION FREATY R
congr Ues1) Intainationdt Pegent Clagticatiau${ s and eacr (ﬁfmllgauoﬂ.ch.uﬂas.. Ndkberd: ' aCKk WD BT/2B529S

and tvjo tgenksmsed | s within the trackalqundari es.
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(57) Ahstract

A method and apparatus detemyining 4 data transducer head (26)
position relative 10 a selected track (18) of plural concentric tracks within
a magnetic disk drive (10). At Jeast one prerecorded servo sector (20)
within a data track includes four time staggered servo bussts (50). The
first pair (70, 72) and second pair (74, 76} of servo bursts are radially
offset from each othetby generally a burst width such that an edge from
each of the pair is subsiantially co-linear in forming a track null. The
first pair (70, 72) is radially offset from the second pair (74, 76) by one-
haif of the burst width. The first pair (70, 72) is read to determine a first
relative amplitude (100), and the second pair (74, 76) is read to determine
a second relative amplitude (102). The radially offset, tie staggered
prerecorded servo bursts (S0) can be of varying width and number to
create the plurality of track nulls within a data track (18) about which
the head (26) is positioned.




