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15 Background Art

The use of dual head transducer units, often referred to as sliders, introduces a
radial offset between the write and read centres which varies depending on the skew of
the slider's rotary actuator. The prior approach has been to do the PES calibration on the

20  servo-writer itself and this was done after the servo-writing. This approach is
convenient because the servo-writer is well equipped to give the radial off-track
position of the slider on any track. However, this process requires a significant amount
of expensive servo-writer time.

25 Magnetoresistive sensor heads are prone to sensitivity variations in the long
term due to various factors, and periodic re-calibration is necessary if disk failures
caused by such variations are to be prevented. At present, it is not possible for users to
conduct periodic self calibration of the MR head in their disk drives, due to the need for
precision equipment to provide off-track position information required for calibration.

30
Summary of the Invention
It is an object of the invention to facilitate determination of the PES calibration
curve without any external position reference.
35

According to a first aspect, the invention accordingly provides a method of
deriving inputs for determination of a PES calibration curve for a disk drive assembly



2 havi ng spaced read and wite heads on a transducer unit noveabl e across
the tracks of a data storage disk. The disk is rotated and the read head
servo-aligned with respect to a set of servo data bursts on a servo sector
of the disk to determne a track on the disk for the transducer unit. One
or nore pseudo servo bursts are then servo-witten 5 onto a clear area of
a data sector of the disk as the transducer unit follows this track. Wth
the transducer unit set on the track, the read head is utilised to read and
obtain a read response val ue fromthe or each of the pseudo servo bursts.
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transitions. The speed of rotation of the disk is advantageously
adj usted according to the radial position of the transducer unit so that
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data. The pose&tmomis o tagparticular track before eﬂ'ectmg the reading step for the mmal and
further servo and data sector pairs.

The pseudo servo bursts are preferably erased from the data sector after the
20 reading step. It may also be desirable to erase an area for the pseudo servo bursts in one
or more data sectors.

Preferably, for each track and associated pairs of servo and data sectors, the data
sector immediately follows the servo sector.
25
Write signals for the pseudo servo bursts are preferably phase-correlated to the
servo transition fields so that their downtrack positions are identical to that of the
associated servo burst transitions.

30 The speed of rotation of the disk is advantageously adjusted according to the
radial position of the transducer unit so that the fly-height of the unit does not change
with different tracks on the disk.

In a preferred aspect of the invention, a PES calibration curve is computed
35 utilising said associated read response values and positional data. The positional data
may include skew angle from a pre-determined reference and the separation of the read



may include skew angle froma pre-determned reference and the separation
of the read 3 and wite heads. A radial offset between the read and
wite heads of the transducer unit nay be determ ned. Wiere the disc drive
assenbly has plural data surfaces, the respective steps are 5 preferably
repeated for all the data surfaces. To verify the new PES curve, it is
translated into a set of PES bias voltages, required to mcroposition the
read- head above the pseudo servo bursts ona,a set of tracks. By injecting
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correspondi ngn I HeldéBam@iedt Ne pseudo burst signals read by the read head
can be verified. n a third aspect, the invention provides a disk drive
assenbly having a data storage di sk, and, a transducer unit noveabl e across
the tracks of a daViers tirrdigedidvesisserhbly lals plirabdetal surfaces) thé respedtivelisteps apeaced
read and i r ' t he di sk, and a control neans
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enbodi nent ofvetified.i nvention; Figure 2 depicts the relationship between

radi al offset and skew angle at the transducer unit; Figure 3 is a sinple

greatly magnified_diagrammatic_ pl.an view of _a segnent of 30 . the_ hard disk
data surface stral¥fipithgd aspest., e davangon prgvidess  disk grivg 2psemblychaving adatini ng

an exenpl ar y s@fdpanHsk|RAl, & trafsivelourtitmoOedbly adrossathe HRACKs 6F/a dha sterage dRRd,

utili Sedﬁ " the transducer unit including spaced read and write heads, means for rotating the disk,
and a control means coupled to- the rotating means and to the transducer unit,
characterised in that the control means includes a selectable operating program for
deriving inputs for determination of a PES calibration curve for the assembly, including
sub routines for effecting the steps of the method of the first aspect of the invention.
20

Brief Description of Drawings

The invention will now be further described, by way of example only, with
reference to the accompanying drawings, in which:-
25 Figure 1 is a diagram of the principal components of a hard disk drive assembly
according to an embodiment of the invention;
Figure 2 depicts the relationship between radial offset and skew angle at the
transducer unit;
Figure 3 is a simple greatly magnified diagrammatic plan view of a segment of
30 the hard disk data surface straddling a servo sector and a following data sector, showing
an exemplary arrangement of pseudo servo bursts as seen by the read head, utilised in
practising an embodiment of the method of the invention; and
Figure 4 is an exemplary position error signal (PES) calibration curve derived in
accordance with the invention.
35

Description of Preferred Embodiments



practising an enbodi ment of the nmethod of the invention; and Figure 4 is an
exenpl ary position error signal (PES) calibration curve derived in
accordance with the invention. 35 Description of Preferred Enbodi nents 4
The hard disk drive 10 illustrated in Figure 1 includes a hard disk 12
rotatable on a spindle 14 by a suitable notor (not shown). A transducer
unit 16 is swept generally radially over data surface 13 by a
servo-actuator 18. Transducer unit 16 is ajdual el ement sI ider with spaced
wite and read heads 20, 21. For this application, wite head 20 is
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The hard disk is a typical high track-density disk of 20K tracks per inch (TPI)
20 corresponding to a recording density of 5Gb/square inch at 250K bits per inch (bpi) bit
density. In this environment with a 2.5u separation s between heads 20,21, the radial
offset between read and write centres can approach half a track-pitch and the skew span
may be up to + 15°. For the purposes of this invention, it is preferred that the track
density be at least about 20,000 per inch : for smaller track densities (or large track
25  widths, in other words), the maximum value of o attainable will not be large enough to
obtain the entire range of data points to be sufficient to construct the PES curve.

Controller 25 is provided with a selectable program in memory for executing a
sequence of write and read steps in accordance with an embodiment of the invention.
30 This sequence is described as follows, with reference to Figures 2 and 3,

Step 1.0n the target disk surface 13, the equivalent of a servo-sector area 30 is d.c.
erased in all the data sectors 32 immediately after each servo-sector 34, but
leaving the servo sectors intact. Figure 3 illustrates just one exemplary segment

35 of data surface 13 straddling a servo sector 34 and a data sector 32 with
boundary at 33.



obtain the entire range of data points to be sufficient to construct the
PES curve. Controller 25 is provided with a selectable programin menory
for executing a sequence of wite and read steps in accordance with an
enmbodi nrent of the invention. 30 Thi s sequence is described as follows,
with reference to Figures 2 and 3, Step 1. On the target disk surface 13,
the equival ent of a servo-sector area 30 is d.c. erased in all the data
sectors 32 inmediately after each servo-segtor 34, but |eaving the servo
sectors intact. Figure 3 illustrates just one exenplary segnent 35

of data surf Step 2Anyt rsmiektted\g wacker@efsmbi)olstaﬁm‘%miﬂa aet dying cinorthd 2outet h

bound t 33.  diad I h

oﬁgnl smgal n the out er ]%Ed%'lﬁe %ﬁ e | nne gang%%iﬁgget%ﬂ%%l

zones 35-Fi gure 1fol loyqur(atékser‘rq)alnaméhwﬂl ﬂée MR r¢ad aém@ﬁw% bshnvlnlréeqm& ead
t d-t k 50 b t

:dj zTcent ragrvo da?gﬁ)& dm?ﬁﬁiﬁh - b??éghggﬂﬂ%dw%eﬁ& dh%t%?ﬁg?a]aﬁ?la{srfodl sk

i s being Cali brat &FY% 3#‘? ﬁfefﬁF ‘Eé‘t isibeing °‘¥ﬁéa £, for. ‘E%é‘é’?‘ﬁjn‘? dhe gipll-sg

assum ng a fixed doms by assuminga fixed pogitionRiter gapér RES slbpe)t deali rtlm:kacksAn

error integrator ipclige Qre H&t&r clﬁ&gatlﬁgﬂé @(Entﬁaﬁer Qﬁ%ﬂ&ﬁ?ﬁﬂfoggfﬁacl%fokg%

track-fol l ow ng bémnlrr e stea e error
sel ected servo se Y@HDBWZ@E Mﬁ&t@esﬂpﬁer 16 starts flying above t he
cleared area 30 of the imediately follow ng data sector 32, the equi val ent

he"dat ol Qec SR S5 e SPlesad REm BeiopHangs 354 dis Sidor 13,813, A7 AV 8 el

at 50. Since thisclearedainea 30 dfuhe imnediately tfml!mv:ng datassestbr B2, rthe efuivdleht offd t e

el ement actually g%%w% é‘%ufrst é.’dléel’ a\PasB?do rom éﬁsjﬂse?w{@v?i'tt?{%oﬁftﬂéggta%e&épm

the track-centre cor respondi ng

skewangle [err]. asﬂvttep@émib%efﬂ&shdanﬁﬂmme drack cemtradoata: | §inge ithis dh on
ﬁlega??f/g Sle:ftg(lj: Z ﬁfmé Wihbut3podi Bg%% Eﬁé&lld@?ﬁhmfé%?rg&t%ﬁiaﬂy \éﬁ-lt&s" oﬁ'—
are thenl?epeat ed"‘B?k W&?‘Ia @g‘éﬂ‘i’ tBrﬁ% W@PE lmmgﬁﬁ%g‘gﬁwt
track 50" so that sinBeofSthiedevires dilngsde-hﬂngS&U(Bilcﬁ grseadd) sérvb-tidnsitions ake ack
pitch avay from Co g, 83 hitdd oot SRS Schst bPkach 502 THY ol Bby of Surdhe

positive or negative: Figure 2 shows one direction of skew.

20  Step 4.Steps 2 and 3 are then repeated by null-seeking on the B/A servo bursts on the
adjacent track 50' so that the slider can now write pseudo servo burst D', one
track pitch away from C' and again in the data sector area 30, on all the data
sectors of track 50'. Here, write signals for the C'/D' bursts are properly phase-
correlated to the servo transition fields so that their down-track positions are

25 identical to that of the "original" A/B transitions. These "pseudo" servo bursts
C'/D' in the data sector 32 are radially offset from the centre of the C/D burst
area by o (see Figure 3), by virtue of the slider-skew &.

Step 5.In a similar manner, track following by C/D and D/C bursts respectively, the A"
30 and B' pseudo bursts are also written on every data sector down the track.

Step 6.By repeating the above steps for the other tracks, a pattern of pseudo servo
transitions with varying degrees of radial offset from the respective servo
transitions may be written all over the disk surface 13. Near the zero skew area

35 or central part of the data area 13, the pseudo bursts A', B', C' and D' would not
have any radial mis-alignment with the servo-bursts A,B, C and D. As one
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sectors of track 50'. Here, wite signals for the C/D bursts are properly
phase- correlated to the servo transition fields so that their down-track
positions are 25 identical to that of the "original" A/B
transitions. These "pseudo” servo bursts C/D in the data sector 32 are
radially offset fromthe centre of the C D burst area by o (see Figure 3),
by virtue of the slider-skew [err]. Step 5. In a simlar manner, track
following by D and D C bursts respectively the A" 30 and B
pseudo bursts are also,wijten o ery a sect ovvn the trac Ste
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the track number (and hence the skew angle) changes. The position error can be

20 computed in each case, the various outputs pieced together against o, and the
PES curve thereby obtained.

In relation to the matter of sequence, once the pseudo bursts are written on the
particular data sector on a particular track, one can either remain at the same radial
25 position to take the MR head readings, or go to any other sector or track ( which is not
necessarily the adjacent one) to repeat the experiments. However, when it comes to the
write/read operations to be performed on the same track, it is advantageous to carry out
these steps one afier the other as the disk is spinning, since this approach minimises
repositioning of the slider.
30
Figure 4 illustrates an exemplary PES curve derived in accordance with the
invention.

While doing steps 2 to 8, the spindle speed should preferably be constantly

35 adjusted so that the slider fly-height does not change with respect to the track number.
This requires knowledge of the profile of slider fly-height variations with respect to the
spindle speed and skew angle, so that the fly-height can be actively controlled



20 ° conputed in each case, the various outputs pieced together

agai nst o, and the PES curve thereby obtained. In relation to the matter of
sequence, once the pseudo bursts are witten on the particular data sector
on a particular track, one can either remain at the sane radial 25
position to take the MR head readings, or go to any other sector or track (
which is not necessarily the adjacent one) to repeat the experinents.
However, when it comes to the wite/read ogerations to be perforned on the
sane track it is advantageous to carry out these steps one after the other

as the di sk thsoughpuithe galibyatioreby hmmiblpg thecspindlaispeeses It épalsprdesiabl that t he

slider. 30 Félﬁﬁél%nt‘lvib}&ﬁbﬁ%ﬁ&ﬁ’&x é&h aeau&ﬁ& aiéksme GRiring Qe iAlibration.
accor dance th .t e ane tion. ggogs cﬁl"n eed

S
Shoul d pr of oF¥E ¥ tis itegidiespym wgyl%@tg dalar IS D0RE: oh
does not chali@eess&ﬂghol’eﬁﬁméaﬂymdﬂeeeﬁ‘eback nunber Thi s requires know edge
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7 throughout the calibration by controlling the spindle speed. It is also
desirabl e that sufsiths BES profehetesapected to fepeatceyarybeecond traekedt iscpossible to
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second tr ackforiits "faithﬁﬂgﬁecbhmdcﬁoxgroup the tracks accordingly and do steps 2
to 8 for each group, to determne the various profiles. it would be

sufficiet enough if 10 data points are available per profile for its
“faithful™ reconstruction. 10 For disk drives having plural data surfaces,

Steps 1 to 8 are Fepdisk drvesrhaying plwal data susfanes.ateps 119 8are geprstedrongl thee
cal i brati on, dita Shi€sdés.sequence can be initiated by | oading

After completing the calibration, a check sequence can be initiated by loading

15 the new PES curves info the system-memory and doing a read operation on all the

tracks. This would mean that the read element will be repositioned each time when it

crosses over the servo sector to the pseudo-servo burst area in the data sector. This

micro-positioning is effected by the controller, by adding a PES "bias" voltage

corresponding to the read/write offset o into the servo loop which in turn is obtained

20  from the PES curves newly derived through steps 1 to 8. On a number of tracks, the

pseudo burst-amplitudes are taken and cross-checked for the anticipated values. Also it

may be useful to switch between A/B and C/D bursts for track-following, while still

reading the A/B'/C' /D' bursts. It helps to gain more data points, for cross-checking

with the previous data collected during step 7. After satisfactory completion of the

25  task, the pseudo servo bursts in the data sectors, and thus the "pseudo" transitions, are
d.c. erased.

For executing the above sequences, additional micro codes are embedded in the

servo control algorithm of controller 25. Also it may be preferable to have additional

30 timing features in the servo-sector field to precisely clock the write operation. Time-

synchronism becomes important if full-width transitions of the servo bursts cannot be
written during a single pass.
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15 the new PES curves into the systemnenory and doing a read operation on
all the tracks. This would nean that the read elenent wll be repositioned
each time when it crosses over the servo secto g,' ' o-seryyo bur st
area in the data sector. This mcro-positioning is e 3 A b E¥h
controller, by adding a PES "bias" voltage cor N 0 _rlead/write
offset o |nto the servo |l oop which in turn is obtained 20 fromthe PES
curves newy derived through steps 1 to 8. a nunber of tracks, the

pseudo burst-anplitudes are taken and cross~checked for the anticipated
val ues. Also it nely vill hesgipaéciated that tthd afoet-vdesarib¢dBemhadi@etshexploit therfact
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val ues o overvarioss diterkative gspews pEthg ifvientiomnt for the initial PES gain

setting and closure of the servo-loop. It may al so be appreciated here that
the i medi ate outcone of this calibration procedure, which is a PES voltage

ersus trgck-nunber cyrye,. is sabl ¢ and. ngr e .accur at .
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nore of the individual features
hese di fferent

ment i oned or eV| dent fr ext or draw ngfF==Allepf 1F

conbi nati ons %& alternative gg Tvention. It
will also beu e term "conprils ' atriray/i cal
variants as used here| n is equivalent to the T des'..angl is not to
be .t aken as excluding the presence of other el ements or features 9
Clainms 1. A nethod of deriving inputs f@r determi nation of a PES

calibration curve for a d'fk drive assenbly having spaced read and wite
heads on a transducer uni eable 5 across the tracks of a data storage
di sk, characterised by: rotating the disk; servo aligning the read head

1D ePect 1L, 2eBhe8) B At e BteA SR ppion IS TY
servo- wr i t i ndiskdeive assembly padng spaced veadznd strite beads an a irensdugeramitanoveablst a
sector ofst hﬁmgéssthe ﬂ%cl&étffat&aﬁ‘&%g@glsk h%f(dccf@nk .said track; 15

with the transducer unit set on s tTa utr1i1sing the read head to read
and obtain a read response value fromthe or each of said pseudo servo
bursts; repeati ngréthngathedent i oned steps on pairs of servo and dat a
sectors on a sel ected nunber of tracks; 20 storing or outputting the
resultant read response values with associated positional data for the

t ransducer unit, m@aﬁgﬁngﬂwtxeaﬂhmddﬂirﬂesqspmmaaéttﬁsemdiatnisirs&onalsedma

LT oL 28 B o ik B of (R M G e o7 1

characterized in that said repeating of the servo aligning, servo- vvrl ting
and reading st epssdrpghifify JriRRIIhrE Psédid sSRloVBUrsts bARI d\de@MeS6f & QatdlsbétbNd

steps for further and, dat a .sect or irs on.a.particular track before
effecting said reﬁgﬁ’ﬁ&o skras fhe gansdpeer upyt tf&ng%ﬂfﬁf?ﬁkt her servo and data
sector pairs.
15 with the transducer unit set on said track, utilising the read head to read and
obtain a read response value from the or each of said pseudo servo bursts;

repeating the aforementioned steps for other tracks and other pairs of servo and
data sectors on the disk; and
20
storing or outputting the resultant read response values with associated
positional data for the transducer unit, such associated read response values and
positional data being useful as inputs for determination of a PES calibration
curve for the disk drive assembly.
25 _
2. A method according to claim 1 further characterized in that said repeating of the
servo aligning, servo-writing and reading steps includes repeating the servo aligning
and servo-writing steps for further servo and data sector pairs on a particular track
‘before effecting said reading step for the initial and further servo and data sector pairs.
30
3. A method according to claims 1 or 2 further characterized by erasing the pseudo
servo bursts from the data sector after said reading step. |

4. A method according to any preceding claims further characterised by erasing an
35  area for said pseudo servo bursts in one or more data sectors.
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30 3. A nmethod according to clains 1 or 2 further characterized by
erasing the pseudo servo bursts fromthe data sector after said reading

step. 4. A nmet hod according to any preceding clains further—
characterised by erasing an 35 area for said pseudo servog_h in one

or nore data sectors. 10 5. A met hod according to anﬂ!ﬁ.&ﬁ@'ﬂg"mwﬂ
claimfurther characterised in that, for each track and as A S
servo and data sectors, the data sector imnﬁgi ately follows the servo

sector. 5 6. A nmet hod according to any*precedi ng clai mfurther
characterised.i n tAatethod dceosiiggiolany fpesceding daind further \chafactefisdl &1 €hat, for

phase-correl 3. gg r t Sigtd ' elr tr
positions are | gtr??ll( tggﬁ a?%ciéﬁeéitlgagﬁ 4¢1§88}§’s;§{£¢ag‘? E%Q%ré’rh@% ‘%glr %etc to? ?‘é@“seldfaﬂ(i%?ﬁs.
10 7. A follews thessstwys¢ctons to any preceding claimfurther characterized

by adjusting the speed of rotation of the disk according to the radi al
position the_transducer ynit_so that the fl of the

r skew apgle o y- hei ght
uni t does%not 'charég"W‘?‘LaﬁﬁW‘i@gé‘h?“XP ng ¢l g charagterisgd m%haAwnte
met hod accor Cﬁig&lépgéﬂw?@g@@ ¢ive butsairep hz_iyle;doheratsah@rtnshmb Hafks igem fields so
conput ati on a al jbration curve.uti.li.sjng said.associ.at rea
Fesponse val doet I SEBIrRaK gp i, megidéticat ol fhal Be_u RS FREGRA ey ey
further char deansitioned i n that the positional data 20 includes skew angle

froma pre-determned reference and the separation of the read and wite
heads. 10. A method according to any preceding claim further

char act ertPzed by ddasthedacrgrding 1o)pny pisceding clam fugher; ¢haractezized by adystiag
heads of the thé apeedusfrotatiohtof 1R dikk accordingBtb Rl radliel Positiofl dr GkewanBlecsiedie Ny

claimfurther_characteri zed eat. i t he, respect.i ve ste for,all data
surfaces of t?@@f“fﬁ“ﬁ‘”‘?/ﬁ’a&&%ﬁ? tf%%“““%‘ﬁﬂ?fﬁBﬁdﬁ'ﬁg%Wb‘ R’Sﬁ?rSntatFﬁ‘f‘k‘s on
precedi ng cl ahediskrt her including storing the 30 determ ned PES
calibration curve(s) and utilising the PES data for off-track

15 8. A method according to any preceding claim further characterized by .
computation of a PES calibration curve utilising said associated read response values
and positional data.

[=A]

9. A method according to claim 8 further characterized in that the positional data
20  includes skew angle from a pre-determined reference and the separation of the read and
write heads.

10. A method according to any preceding claim further characterized by
_ determining a radial offset between the read and write heads of the transducer unit.
25 _
11. A method according to any preceding claim further characterized by repeating
the respective steps for all data surfaces of the disk drive assembly.

12, A method according to any preceding claim further including storing the
30  determined PES calibration curve(s) and utilising the PES data for off-track
micropositioning of the read-head, whereby to verify the PES curve(s).

13. A disk drive assembly having a data storage disk, and a transducer unit
moveable across the tracks of a data storage disk, the transducer unit including spaced
35 read and write heads, means for rotating the disk, and a control means coupled to the
rotating means and to the transducer unit, characterised in that the control means
includes a selectable operating program for deriving inputs for determination of a PES



m cropositioning of the read-head, V\/nereby to verify the PES curve(s) 13.
A di sk drive assenbly having a dat JE “v""‘-'---; a transducer unit
noveabl e across the tracks of a dg

_ e tramsducer—unit
i ncl udi ng spaced 35 read and w itte--heads,

and a control neans coupled to the rot at| ng neans ano {gt ?thle mgﬁmﬁlﬁm“m“‘

unit, characterised in that the control neans includes a sel

operating program for deriving inputs for q termnation of a- PES .
calibration curve for the assenbly, includi*fig sub routines for effecti ng

t he fol | owi ngalitirstivey cured for ithreoastérablyt) mktudings esuboroatihegnfon @ffetiing thedfollewihgni t h
respect to aéet of servo data bursts on a servo sector of the disk, to
deternmine a PTRtk on the disk for the transducer unit; servo-witing one or
nore pseudo servo bursts onto a clear area of a data sector 10 of
the disk as the tfﬂﬁ%blﬁ@ s¢nit follows said track; with the transducer
unit set on said trac utilising the read head to read and obtain a read
response Yalue fromthe or each of said pseudo servo bursts; 15

reloeati 39 tfr:g af o]gman' ﬂ@dle&éa&pheadmnﬂﬁi‘eﬁpewio seét\ﬁﬂ‘s&ﬁd déﬁlauﬁsohgrm a
sel ected nunber of t o) esultant re

response val ues \/\ﬁ“ q@fg %g?i“f‘ #}}fgq’%?%tr tfwmgﬁ‘gc(fﬁggﬁ; unit,
such associ ated read response val ues and 20 positional data being

3? |eI/ g ! agg o 'mr)' Ip uts £04o S Bnddr nitfte Bheudo RErvotlritd bt d8ledr'sheifof £lath Bectdl SK
10 Y of the disk as the transducer unit follows said track;

with the transducer unit set on said track, utilising the read head to read and
obtain a read response value from the or each of said pseudo servo bursts;

15 repeating the aforementioned steps for other tracks and other pairs of servo and
data sectors on the disk; and

storing or outputting the resultant read response values with associated
positional data for the transducer unit, such associated read response values and

20 positional data being useful as inputs for determination of a PES calibration
curve for the disk drive assembly.
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