| '}~E3eLALN$ 06PTAH21. r - 1 TITLE OF THE | NVENTI ON METHOD AND APPARATUS
FOR PGOSI TI ONI NG HEAD USI NG SERVO BURST SI GNALS IN A DI SK DRI VE B

OF THE | NVENTI ON 5 The present invention relates generally tqmmmﬂ W ﬁ‘ lmﬁ

particularly to a control technique for positioning a head us

data. In general, in a disk drive represented by a hard di sk driwvesosegrontro

(servo control) is executed to 10 positionia head using servo data recorded

on a disk nedium (hereinafter referred to sinply as the disk). The servo

data is roughly classified into a cylinder code for identifying each track

(cylinder) constituted on the disigr@nsk arerMe/seF séy si gnal for 15
detecting a position of the head on the track. A mcroprocessor (CPU) which

is a main contraETHeD e&DoAPPR&AGIUSK FOR \p&ysel Tept 1N Bk detigeingG alk@ksol ute
position by a cylinder code and a relative position by the servo burst

signal to det ecBURSZ0sIoNealsl € rotalskhesd vaosi tion. The CPU executes seek
control for noving the head to a target track, and on-track control (or
track followi ng control) for PBSKGROHNRAgOFh&HBedNVBNTIDY target track based
on the detected position of the head. 25 Additionally, the CPU switches a
posi tion €al cul ati on Ther rdessmtt g vand isusitdlatef géretreblly ato theliske of
the seek control or the on-track control. - 2 Therefore, there are
probl ens such a§%afraRSFédcCUlesgonde éb@&ﬁiﬁﬂhrﬁfQHﬂ¥Q%ﬁtﬁ9ﬁng of the

position calculatlon There |%ﬁa prohl em t hat |t |s difficult to secure

linearity over ROSF54QTRHgE Prachdsiog siegve d

In general, in a disk drive represented by a hard

disk drivé, control (servo control) is executed to
10 position a head using servo data recorded on a disk
medium (hereinafter referred to simply as the disk).

The servo data is roughly classified into a
cylinder code for identifying each track (cylinder)
constituted on the disk, and a servo burst signal for

15 detecting a position of the head on the track.

A microprocessor (CPU) which is a main control
device of the disk drive selectively detects an
absolute position by a cylinder code and a relative
position by the servo burst signal to detect a

20 so-called total head position. The CPU executes seek
control for moving the head to a targét track, and
- on-track control (or track following control) for
positioning the head on the target track based on the
detected position of the head.
25 Additionally, the CPU switches a position
calculation for detecting the position of the head at

the time of the seek control or the on-track control.

L
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5 calculation (hereinafter referred to as the servo burst cal cul ati on)
using the servo burst signal in order to calculate position information of
the head on the track (see Jpn. Pat. Appln. KOKAI Publication No.
11-195280, for exanple). 10 It is difficult to solve the problemof the
transi ent response in the servo burst calculation especially at the tine of
the on-track control, or to secure the lLingarity in the control for
positioning the head of the disk drive. 15 BRI EF SUMVARY OF THE | NVENTI ON
I n accordance with one enbodi nent of the present invention, there is
provi ded a di skrdeirkeci-BGl vdbRE Hael birbib8enko stedl iaze shead RASIL oni ng
control for executing a position calculation by use of a cylinder 20 code
together with arsepwasburastosbghglinat thle sivifehohgobrt raek pontieoh The
di sk drive conprises: a head to performa read operation and a wite
operation of datalwhfhtiespectTheeeaidi sk predilem ithawhiich iseM@ fdaha t
including 25 a cylinder code and a servo burst signal is recorded; an
actuator on whi th sheubheadihsambtyt edreand Wwroek maves time theagoisitd omadi a
direction on the disk - 3 nmedium a first servo calculation unit which
executes a serveabgpsetéancuharednatsecaredeareda tposist ithe eeroo of the
head by use of the servo burst signal reproduced by the head at the tine of
an on-track 5 cBHEFEI CROCPORELPBA L& NHeA&@ oK eE VEr BeR sdesiighated by a
target cylinder cqde; a secon %ervo cal cul ati on unit which calculates a

|

di fference bet wBEASE F8r GBLCEYPLRIBPSARdOR dBfP&Ratdpr Rderthien headoodance
ith th i nd d d db he_head i .10 of th
on- tr a0k oot 1 of Reah G COREFoPPEr SATCHARP e OBALr GIB LI et or 1o
execute the 0”'&5@C559?555?b o%PEP%xggggFZy use of a result of the servo
n e

burst calculation a a“valué o fenpe. BRIEF DESCRIPTICN OF THE
SEVERAL MhEWS OF THETPRAW NGrk5 -THe 26CQmmanyihe %rfr%\mgé ,o#%@usafe

incorporated in and constitute a part of the specification, trate

embodi nents of thenkn¥gnt reBpoaBd §agehbekwhbhphie tgenai-al ;48sel i ption
gi ven above and the detail ed description of the enbodi nents given bel ow, 20

serve to explai sspbeiplipcihpl eBeotibeoitnyaet bartrEk®@ cbnityaa ,bloack i agram
showing a main part of a disk drive according to an enbodi nent of the
present inventieacuFeCBhe2Aiandr2Byate dhagrans reohosionrg pasditdlondmdf or mat
according to the present enbodinent; FIG 3 is an explanatory view of
on-track controthacbeedi a§ tbet Héspr dsene.enbodi nent ;

15 BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention, there is provided a disk drive including
facilities to realize head positioning control for
executing a position calculation by use of a cylinder
20 code together with a servo burst signal at the time of
on-track control.
The disk drive comprises: a head to perform
a read operation and a write operation of data with
respect to a disk mediuﬁ in which servo data including
25 a cylinder code and a servo burst signal is recorded;
an actuator on which the head is mounted and which

moves the head in a radial direction on the disk



"- 4 FIGS. 4to 8 are explanatory views of a servo burst cal cul ati on net hod
according to the present enbodinent; FIG 9 is an explanatory view of table
5 information according to the present enbodinent; and FIG 10 is a

fl omchart showi ng a procedure of head positioning control according to the
present enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10 An enbodi nent
of the present invention will be describedshereinafter with reference to
the drawi ngs. (Constitution of Disk Drive) FIG 1 is a bl ock diagram
showi ng the main part of a disk drive according to the present enbodi nent.

15 The disk drixgqknel udes 2sepiadhe MNCLIGSIM, Lhunieh hOLELER dIsks 10
13 on i1 ch the

heads 12 which read/wite data, and an actuator heags 12

are nounted. The getwadt Burk3 e1@LIVEARY 3 ¥RIER 160 aMPLA t(¥EM 14 to
nove the heads 12 in the radial 20 direction of the disks 10. The SPM 11

and the VCM 14 areodr b¥emnhby haAdSBY disieverr 2heaRéradoVEMrari “alignka,
respectively. Furthernore, the disk drive includes a head anplifier 16, a
read/ wite (R WephadnekdlBy &hdi ska?batonheoltliae 1F, aandna tiaeykopr ocessor
(CPU) 20) The head anplifier 16 transmts a read/wite signal between the
heads 12 and t heoRtWéh&anebsition the hEhad bead amplcks iders ibhadepl bivi es
servo signals (servo data recorded on the disks 10) read by the heads 12 to
send the signal @ £8TPRE RYWLBHEHNEPIE7. aTRECRNW skairelcalrudrdédones si gnal
processi ng (coding or 5 decodi ng) of the servo and data signals. The disk
control ler 18 h48Thn“RALEr FaceULahesi 6n Bl REencenbedivsrrde F@rg8d a host
system and cont%ELs transf.er reag/wwite data using a buffer nenory 19.

of
The CPU 20 is a© tHAEENEFEl 2dEVFEED fcﬁﬁéégﬁfvéP PECRRGBLECHEES a program
or esent enboar neie 6946885 CEAeAR R rBRE R B tneniepd 7he tBbu AR nputs a
from 15 The R WensaGer i1y EgER gBAgeby el e P B AR VBTl s "2 The
CPU 20 i nputs adf@segvpeﬁt@oigrfaeba&%ha%%&c%b@%&%%u@%S%&%b%%-k%%%& froma

servo processing circuit 21. The servo processing circuit 21 executes the
servo burst cal egh8tb0noStRg BeSEr¥§ use of a result of the servo
burst calculation and a value of the difference.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
15 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
20 serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a main part of
a disk drive according to an embodiment of the present
invention;
FIGS. 2A and 2B are diagrams showing a disk
25 format according to the present embodiment;
FIG. 3 is an explanatory view of on-track control

according to the present embodiment;



20 burst signal included in. the servo signal output fromthe R Wchannel
17. The CPU 20 executes the head positioning control using the Gay code
and the servo burst calculation result, and supplies an operation control
value for 25 controlling the VCM 14 to the VCM driver 15 via a
digital-to-analog (D/A) converter 26. The CPU 20 supplies an operation
control value for controlling - 6 the SPM 11 to the SPMdriver 27 via a
digital-to analog D) A converter 25. (Disk Format) As shown in FIG 2A,
servo areas 100 in which 5 servo data is recorded are di sposed at

predet ermined intervalgsi.n4a ¢ BCWHLIEH A 1 HECH QL Y tahesegév% 10. On

the other hand, a | arge nunber of tracks (cylinders) 110 including the -

respective servpuas€asalellateoeonstihbul eecotddniadical ndi Reldedit on the
disk 10 10. A plurality of data sectors in which user data is recorded are

di sposed bet weeambhdiment@ areas 100 in each track 110. As shown in FIG
2B, the servo data recorded in the servo area 100 is constituted of a
preanbl e 200, a 15 sé&lGo Parl 210 expl@naytocrgderiz0,0f@ ts@rlwo bur st si gnal
230, and a pad 240. The G ay code 220 includes a cylinder code for
identifyihg thelnfackatinn acsectongcéde ther pirdsenitl winbgpdd méatta seat or. As
shown in FIG 3, the servo burst signal 230 is a signal for 20 detecting
the position of the Hé&d df tlise at FdOChagd ishonmst ia muatedusre exdanpl e, of
f our - phase burs%s Ato D.,%Head Positioning Control) Head positioning
control accordi N§2EoPPAECHPBLBAL COBLERB0ACHEREIRIG IEOhd e PEEieEE
hereinafter with reference to FIGS. 3 to 10. FIG 10 is a flowhart show ng
a procedure of ?ﬁéoﬂégan o0sitioning control

DETAILED DESCRIPTION OF THE INVENTION
10 An embodiment of the present invention will be
described hereinafter with reference to the drawings.
(Constitution of Disk Drive)
FIG. 1 is a block diagram showing the main part
of a disk drive according to the present embodiment.
15 The disk drive includes a spindle motor (SPM) 11
which rotates disks 10, heads 12 which read/write
data, and an actuator 13 on which the heads 12 are
mounted. The actuator 13 is driven by a voice coil
motor (VCM) 14 to move the heads 12 in the radial
20 direction of the disks 10. The SPM 11 and the VCM 14
are driven by an SPM driver 27 and a VCM driver 15,
respectively.
Furthermore, the disk drive includes a head
amplifier 16, a read/write (R/W) channel 17, a disk
25 controller 18, and a microprocessor (CPU) 20.
The head amplifier 16 transmits a read/write

signal between the heads 12 and the R/W channel 17.




executed by the CPU 20. First, when a target track to be read/ witeaccessed
i s designated anong tracks on the disk 10, the CPU 20 executes a seek
operation (seek control) 5 to nove the head 12 to the target track (step
S1). In the seek control, the CPU 20 executes a calculation to calculate a
di fference between the cylinder code (target cylinder) of the target track
and the cylinder code (current track positgon) read by the head 12. 10 A

di stance to the target cylinder, for which the head 12 is to nove, is

obtai ned by the cal cul ati on. Wien the head | 2 noves to the target cylinder,
the CPU 20.shifget geaqt hagk 1984 Qls fafn%mitf@%ss%@%veoefigalal(s\fﬁggr osteps
52, S3). Here, even at the tine 15 of the seek operation, the U 20
detects the posphitanretorbedheadthd uaskRe 1bhagkadsblgtaer esulds ab the
servo burst cal culation, and acquires the cylinder code at the tinme when
the head 12 is pestttheedighallBeteemher rgfi thenheack7.20Ther @,/wa met hod of
detecting the position of the head 12 by the servo burst calculation wll
be descri bed w thanektér éficexeauEk& s3gnbki bPkGcedsiNgl,(cNdiNgl orean centra
positions of the tracks corresponding to cylinder codes N1, 25 N, N+1, and
Tp neans a trackepptléhg(t pdckheangeyo Rbdedwér, sAgnBlsC, . TDemediskout put
val ues (anplitude values) indicating that the servo burst signals (Ato

g D) are readcBytrRélRead8ibasantt sakprdakel dunssishowetineer Ghe3, when
the position of the head 12 is in the vicinity of positions X2 to X4 on the
track N, the CPE86 EaAVEaPRAl &t BOFEsSYSERY nBEENELRGH O3 S( pasnsited ©fr or

val ue PE from a trazgrgﬁgtral posi.tion froma calculation result

3
normal i zed by a*§é sfatal BGra6 6n “%595)P6ﬂ9§y'}9Here, a relation
bet the t k pitch t.h i dt.h T f the head 12 is, in. |,
T S w10 Ther of 678, CRRGRT He” Redd o o ssd Begnee o e WAy of
iti X5, t di. t he b t i
constantfy 0 TRRPoParSH R, 2 Bty SR SERREA A Rl "2 50 bY B Titer o

the head 12, angegQr£8st +PBsHhHORKREBH MALILER 435 o( RRSiHE0R L1k val ue PE
Wi th respect to S ce%ter X3)lcgnn8t be obtggngd.gTﬁgrg gr F%FﬁgtCPU 20

executes a servembygfishesidl Byl akkoBf" a( &AM) 28 GGTR) workkSheotrtRe bursts C, D,
and obtains position information on the basis of the position X5 fromthe
calculation result. 20eFCEGU 40showsita Lelcatdyordaet Wesn it rheadigposi ti on
and the servo burst calculation result. However, the position information
cal cul at ed by t hecservoobal stincadbdebdatinomhies skarvgersiighan amtacttuadrgrosi tion
shift amount, because the head width Twis 25 snaller than the track pitch
Tp. Therk$ore, the RPY gbannkii plli ¥dat he enbdogatioon gy ta lpd$i/ib)on
conversion coefficient K for converting the servo burst signal :

into the positi BANVAFERHREFEN FBGCSPUegP

9 _
LROULE 6r FEEIVAF. OTha&t Se¥Va he CPU
20 executes a servo _burst calculation "((A-B)/(A+B))xK)" to obtain correct
posi tion i nfor nBEFBH €B§§P§F5ﬁ°8r98§cﬁé&ﬁé #Eﬁﬁrtﬁkom a servo :

processing circuit 21. The servo processing circuit
21 executes the servo_burst calculation using a servo

20 burst signal included in the servo signal output from
the R/W channel 17.

The CPU 20 executes the head positioning control
using the Gray code and the servo burst calculation
result, and supplies an operation control value for

25 controlling the VCM 14 to the VCM driver 15 via
| a digital~to-analog (D/A) converter 26. The CPU 20

supplies an operation control value for controlling



" 5 respect to the center X3). Additionally, in recent years, in disk drives,
the head 12 has included a structure in which the read head is separate
fromthe wite head. When the position conversion coefficient Kis a true
value, 10 a relation between the head position and the position information
is as shown in FIG 5. In this ideal case, the CPU 20 switches a servo
burst calculation (50, 51) in such a nanneg as to use the bursts A B, when
the target position is on the side of the 15 position X3 fromthe position
X4, and to use the bursts C, D, when the target position is on the side of
the position X5cnensbheit her thangdprnaen vidhe sposiiti @n QYAVENISIHN
coefficient K deviates fromthe true value, for 20 exanple, as shown in
FIG 6, it is reeagngzedat ahvekechead.is distant froman actual position
the nonent after the bursts to be used are switched] a transient response
occurs, and the posi t(DasiknFocottriol becones unstable (60, 61). Then, in
order to elimnate 25 discontinuity of the position information by the
switching of the servs Islwostr dal cUlGat i2dy), stehercCRU2(s dtGtacihreswhigilght s to
average calculation of the bursts - 10 A B and the bursts C, D, and
vari es the melgﬁ?§VOCdﬁ§ﬁeﬂélyeradedx@mﬁl@1390@@@.@ﬁerhmmiaﬁenmlﬂ@dare
saturated in the vicinity of a center of the bursts A B, the weights of
the bursts C, D'&FErBal&diBed. C?H€UW§ﬁ§ﬁP§l&ﬁedééﬁQﬁéQﬁaqanhﬁe|dF$ﬁe
vicinity of a gdle begﬁe 5 ursts A. B and the bursts C,_ D. That is,
the CPU 20 executes F"s&P§oCbarst é&pcul atlifgq e pEmbey R§+(fQ§@%(J) Her e,

"AB" denotes 10 a 05|t|on nt fromthe track center, obtained
fromthe bursts ‘&Y éndSﬁa "%EP &Qﬁggﬁﬁng 6% i TGRS 'Hyezﬁﬁﬁﬁﬂ QQ%ﬁﬁthe

track center, 096@'Q?g ?Bﬂgkg@ﬁtgﬁrg a raglaﬁh%lre

1.0". 15 The weight URct ion lon %ﬂat.& § sIABI to
CDI. Thap is, tlbe fgl bewa9; ol 8l o §§| %%%é%nan( %)n’lc(hz)us%rre £3tAhld shed:

I

a = f(0. 5xIABI/ICDI) ... (1), where

f(1.0-0. 5X|CD|/EéBb}ded aEg)dlwﬁg%%d|ﬁ%kw%ehc@hFu%%HQ&P@Eﬁéasaﬂ%@“@dﬁ of
f(x) _is "0.0 <- x < 1.0", and values are given by tables 70, 71 shown in

FIG 7. A represeshatiwekvaboe is "f(0.0) - 1.0". Wen the 25 position of
the head 12 is in the vicinity of the center of the bursts A B, 1ABl is
used. Wien "f(0.5) -2A8. Showandnl ABIG.i 2Bsulisteantdraid )daﬂiwa}eddrded il ~CD-~,
an average value of ~AB~ and ICD~ is used.
the servo area 100 is constituted of a preamble 200, a
15 servo mark 210, a Gray code 220, a servo burst signal
230, and a pad 240. The Gray code 220 includes a
cylinder code for identifying the track, and a sector
code for identifying a data sector. As shown in
FIG. 3, the servo burst signal 230 is a signal for
20 detecting the position of the head on the track,
and is constituted, for example, of four-phase bursts
A to D.
(Head Positioning Control)
Head positioning control according to the present
25 embodiment will be described hereinafter with

reference to FIGS. 3 to 10. FIG. 10 is a flowchart

showing a procedure of the head positioning control



~ When "f(1.0) - 0.0", and the position of the head 12 is in the vicinity of
the center of the bursts C, D, I1CD~- is used. 5 Other values are continuous
val ues whi ch conpl enent the above-described val ues. Wen the table 70 shown
in FIG 7 is used, the position information is obtained fromonly AB or
only CDin the vicinity of the center of the bursts A B or the bursts C

D. 10 The position information is obtained7froman average value of AB, CD
inthe vicinity of a boundary of the bursts A, B or the bursts C, D. Here,
since the weighting of the average continuously changes, any transient
response by thecgwitigBung Oknhthepli kg is not 15 generated. In a region
where one burst is saturated, the weight shifts to the other burst that is
not saturated, and tmareftor ehiche asataiirid alrdees Nee have 40 ke -consi der ed.
FIG 8 shows a relation between the head position 20 and the position

i nformati on, usingetbedwdisghksdvyenage @hoed altlaekél oof thlkeGdigk 1The
relation does not forma conplete straight |ine, because the weighted table
gently changes &heé CRE P€l ekkecontis ianflkednopd oy ithe (Gldr domtstoli)n t he
vicinity of the AB center or the CD 25 center. To suppress the influence, a
steep tabPe is &pPfBevVevEhei keathd?2t &bl &h20 tefrgRILGErAackbUistappESSi-bility
occurs that the_transient response is generated. - 12 Therefore, the

wei ghted tabl e £8 pPef ER§KI ¢OBEFEdr edhitn CEINZi0dergCudR SO Erdcadidriost i cs

of the head for actugl #sg. Whgn n actual position shift amunt does not 5
match the obt ai R8dPOSPLRER PnPdfAREraShYeteerude 6¥d igdes) éedonmagnet i ¢

ion ch istics.in th Lal direction of head, K
of wei ght6d  abi GETAPE FYARRPEN DB of BRafd” SEid ‘EREM A0Fe e Sdehid n
accordance with Bdﬁokl—,ﬂr?'ewte“cg@%% Bb<13:Lhg head: ,The lapled g shaped 1

such a manner that the actual pesitton shi amount “mat chés posi tion

informatign, angd a¢cerdi-Aoky kh@egggb%to%gggﬁﬁ%Qta%%§ﬂg%qgﬁjﬂﬂ% %Q%gfnation

can be inproved. According to the above- ed net a servo bur st

cal cul ation resybt 1guper nekel NikhepkhAgad by itheokbaicnadtiapd the position
can be correctly controlled in a certain spécific range. Here, in the

present enbodi nent, when the seek aontodlesshid tthd @ dre orfriatdecontrol as
shown in FIG 10, position control 20 in a case where the head 12 crosses

the tracks (cyl thdec8)y B§ abstitedtoHar ¢ratche cCRUr2Q €xeauttds tskekservo
burst cal culation using table information shown in FIG 9 (step S4). It is
to be noted thatontecoef iNEBean $Gep25S2n e .t ablee e, neremataitorthes tdme
coefficient (e. %., 2048) related to the gain for one track (cylinder).

15 of the seek operation, the CPU 20 detects the position
of the head 12 in the track using a result of the
servo burst calculation, and acquires the cylinder
code at the time when the head 12 is positioned at the
center of the track.
20 Here, a method of detecting the position of

the head 12 by the servo burst calculation will be

described with reference to FIG. 3.

In FIG. 3, N-1, N, N+1 mean central positions

of the tracks corresponding to cylinder codes N-1,

25 N, N+1, and Tp means a track pitch (track range).

Moreover, A, B, C, D mean output values (amplitude

values) indicating that the servo burst signals (A to




" The CPU 20 calculates a difference between - 13 a target cylinder and a
cylinder code (current track position) read by the head 12 (step S5). This
di fference corresponds to a cylinder distance (cylinder nunber) froma
track position where the head 5 12 is positioned to a target track which is
the target cylinder. Wen the calculated difference is "0", the CPU 20
controls the actuator 13 based on the servg burst cal culation result
obt ai ned by the above-described 10 servo burst cal culation to execute the
position control for positioning the head 12 at the center of the target
track (YES in sbeps:§6ro8d) byOthe! Beaol her handsaphen g cal oul ated

difference is not "0", the CPU 20 executes the position control 15 for

posi tioning the headak2 sabwhhencenter 0f e ttqc{eg%stirtq% Ry & rsemuy pur st
cal cul ati on net hod corresponding to the difference val ue (cylinder

di stance) and sygbak finowheheitablieyi nffopmatiitadncNR2i ’koSkapsnS&heS8) . Here,
the synbol indicates the track 20 position of the head 12 on an i nner

peri pheral sidetoec&nNoutbe PeUI glherahn siadewlstl pespediont dntflemaariget
track of the target cylinder. Here, the CPU 20 restricts a difference val ue
fromthe Parget (gFiihder srrpheveilie GE tfhemowr- ttrack 2endantlr gositienCPU
may correct past_servo data one _sanple before fromtransition of the
cyl i nder code uf3t ofheW, 2oFafkailekéent Eesndthaerpeddassi ny. a servd As
descri bed above, according.to.the present embodi ment, when the head 12
crosses the traRRs Fﬁgcgﬂﬁ§18p {'HB~BA/t(P4Bk "control , calcul'ation is

executed to add or subtract th i.fference value as the 5 cylinder distance
fromthe target cyliﬁﬁgF’wFtﬁeﬁéngPt%P “Fﬁ%l§§ﬁv5rﬁ&#éﬁ’ FRatdh¢h

result, and acc [ ition,contral .not,_onl.y in_a_track, ran ut al so
in a broad ranggﬁgaﬂggéhfgglﬁgegbglnegghé? wSr d ¥ gﬁgFgé&aan? 6?§V$ded a
servo buigt cal enbakicgpel10,AeLhed ehigg! i ?iEOEFEQ%iB%%BPH%nt gntrol in the

broad range with a unified equation by addition/subfraction of the cylinder
code with respeegcggigpeo§e5vgpgg%§gncgggugah%ga_Bg%gh% Q%gg%rlor_ln
| inearity. Especially when position calculation is executed 15 using the

cylinder code tegetbepontiiAgt e sBEVBURELSE Sisgedhsespegially at the tine
of on-track control, head positioning control capable of "elimnating the

transi ent respofiserkfiorhe skevoPbupst isaliaskasieiver tseeubord thiorearity can
be realized. 20 Additional advantages and nodifications will readily occur
to those skilleghifitthé &he. h¥hdr éRor endt herireeénpiosn tiibni tis foreadeon
aspects is not limted to the specific details and representative

enbodi neh?s shoWRcahBieBserrpsdvhaénei RE Aé&br desgeygt \ar kogsn2®r X3)

nodi fications na% be made w thout departing fromthe spirit or scope of the
general inventi 5ANEBhcERt Oa52dBeAned B¢ rERErEppERGeEEYl A0ne X868 tesei r

eqUIvalentS' a %grvo @Irg§ g% LHEQtEgh "(C-D)/ (C+D)" using the

bursts C, D, and obtains position information on the
basis of the poéition X5 from the calculation result.

20 FIG. 4 shows a relation between the head position
and the servo burst calculation result.

However, the position information calculated by
the servo burst calculation is larger than an actual
position shift amount, because the head width Tw is

25 smaller than the track pitch Tp. Therefore, the CPU

20 multiplies the information by a position conversion

coefficient K for converting the servo burst signal



1. Adisk drive conprising: a head to performa read operation and a wite
operation of data with respect to a disk nediumin 5 which servo data

i ncluding a cylinder code and a servo burst signal is recorded; an actuator
on which the head is nmounted and whi ch noves the head in a radial direction
on the disk nmedium 10 a first servo calculation unit which executes a
servo burst calculation to calculate a posption error of the head by use of
the servo burst signal reproduced by the head at the tinme of on-track
control to position the head on a track designated by a target 15 cylinder

code; a second sgeyotgal pukatiBA YRt rwaikGRnCalculatesratiif ference between
a target cylinder and a current cylinder in accordance with the cylinder

code reproducedihyorhethead atrhtheiki mehef ctoive 20nelkeaek «20 aC@RLRQ ; and a
controll er which drives/controls the actuator to execute the on-track
control of the headtbyaliselefianr 8SURtBoY (Bh8)SeKYO hur sbteahcubatricen and a
val ue of the difference. 25 2. The disk drive according to claim1, wherein
the controll er BREttLes fhéosmatiaok (postitdbnbyriree wséuef Pan waddi ti on
result of addition of the - 16 difference value with respect to the
servo bur3t cal EAFREFBntPeshiPt cealteyl &Béd by the first servo cal cul ation
unit based on a cylinder distance which is the difference value cal cul ated
by the second servo 59€afdaratign dfi FecentTyeadissk idr idis kacidvdisng to

s table information including an

ghﬁgg}éh SrngiEgégse%ﬁgﬁéghégrﬁggiPdé | BuPAEHERUrEs dPt WRRGDt FEedi f f er ence
End execut os t HECAR TP ARk EURPPOF oy TRERLCBor “aficclEAt onequred 11 om
e Lol Lo BonfolDE-dh S Uebrs, RIeREtnaa sy abereln
second sefvo cahCHb@ht®8n between the head position and the position
information is as shown in FIG. 5. In this ideal
case, the CPU 20 switches a servo burst calculation
(50, 51) in such a manner as to use the bursts A, B,
when the target position is on the side of the
15 position X3 from the position X4, and to use the
bursts C, D, when the target position is on the side
of the position X5.
'On the other hand, when the position conversion
coefficient K deviates from the true value, for
20 example, as shown in FIG. 6, it is recognized that the
head is distant from an actual position the moment
after the bursts to be used are switched, a transient
response occurs, and the positioning control becomes
unstable (60, 61). Then, in order to eliminate
25 discontinuity of the position information by the

switching of the servo burst calculation, the CPU 20

attaches weights to average calculation of the bursts



unit, and executes the on-track control by the use of an addition result of
addition of the difference value in the range with respect to the servo
burst calculation result calculated by the first servo 20 cal culation unit.
5. The disk drive according to claiml, wherein the second servo
calculation unit and the controller are constituted of m croprocessors. 6.
A net hod of head positioning control appli@d 25 to a disk drive including:
a head to performa read operation and a wite operation of data with
respect to a disk nediumin which servo data including - 17 a cylinder
code and a servp, RIrgld sirghadui st 4 ecorpedind@nghaie acthatasi @i hi ch the
head i s mounted and which noves the head in a radial direction on the disk
medi um the method cosmeistayy, Sfexesxanplea senye bhesbuecatsutatbon to
calculate a position error of the head by use of the servo burst signal
reproduced by tdwe hemdixdtdadiein i thee ofiomitackE concemtet coposhei on t he head
on a track designated by a target cylinder code; 10 calculating a

di fference bet weersts thr gt ©yd iweleghtahdo B e rlemesey | $ndera¥e accor dance
with the cylinder code reproduced by the head at the tine of the on-track
control ; Jand drisdyggont Toe |Wakehhe 262 uatorte dPexedwr+ thet® on-track
control of the head by use of a result of the servo burst calculation and a
val ue of the dif¥etehce:o%. 2 Thiddkt nodt uetor i figP oS bf otm %,awlﬂe&%‘?n t he
executing of the on-track control conprises: executing the on-track control
by the use of uEﬁEﬁt?b result 20 of addition of the difference val ue

W th.respect to the fgrgo.burgEQCéaﬁﬂgat%gg%%ggﬁééhg§§gg Bargtcylinder

di stance which is the arftéfence v according to claim6,

wherei n the executog, Of of Wep@ns Ly A6K £OPLLPkpEOMMLSES: nAiB NgeAB Labl €

information including an equation group using the servo burst calculation

result angd the difference vialpe dnoust akion £9e arpybkndentdi-stance which is
t he - 18 difference value; and executing the on-track control by the use

of an equation @sgained from the pabsesiaf opeihenrchr dbgopeshod according
to claim6, wherein 5 the executing of the on-track control conprises:

restricting a rangesdtidhmesidiff esieveet vatoresthandrexkecoténgrf he on-track
control by the use of an addition result of addition of the difference
val ue in the ravigeaimedd fespetchetlbursies ser vo. bufke eaightati da 10.Pesul t.
10. The nmet hod according to claim®6, further conprising:
driving/control&ifglt®hé. actuator in

15 The weight o is determined by a function f by
a ratio of |AB| to |CD|. That is, the following
relational equations (1), (2) are established:
o = £(0.5x|AB|/|CD]) e (1),
where |AB| < |CD|,
20 oo = £(1.0-0.5x|CD|/|AB]) e (2),
where |AB| > |CD].
Furthermore, a domaiﬁ of f(x) is "0.0 £ x £1.0",
and values are given by tables 70, 71 shown in FIG. 7.
A representative value is "f£(0.0) = 1.0". When the
25 position of the head 12 is in the vicinity of the
center of the bursts A, B, |AB| is used. When

"f(0.5) = 0.5", and |AB| is substantially equal to



" accordance with the cylinder code reproduced by the head; and executes seek
control to nove the head to 15 the target cylinder before the on-track
control. .Aul.A9L. A9 . A9;
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bursts A, B or the bursts C, D. Here, since the
weighting of the average continuously changes, any
transient response by the switching or the like is not
15 generated. 1In a region where one burst is saturated,
the weight shifts to the other burst that is not
saturated, and therefore the saturation does not have
to be considered.
FIG. 8 shows a relation between the head position
20 and the position information, using the weight average
(the table 71 of FIG. 7). The relation does not form
a complete straight line, because the weighted table
gently changes and the relation is influenced by the
other burst in the vicinity of the AB center or the CD
25 center. To suppress the influence, a steep table is
effective like the table 70 of FIG. 7, but a possibil-

ity occurs that the transient response is generated.
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Therefore, the weighted table is preferably selected
in consideration of characteristicsvof the head for
actual use.
When an actual position shift amount does not
5 match the obtained position information by fluctua-
tions of electromagnetic conversion characteristics
in the radial direction of the head, a plurality of
weighted tables are prepared beforehand, and the table
is selected in accordance with a solid difference of
10 the head. The table is shaped in such a maﬁner that
| the actual position shift amount matches the position
information, and accordingly linearity of the obtained
position information can be improved.
According to the above-described method, a servo
15 burst calculation result superior in the linearity is
obtained, and the position can be correctly controlled
in a certain specific range. Here, in the present
embodiment, when the seek control shifts to the
on-track control as shown in FIG. 10, position control
20 in a case where the head 12 crosses the tracks
(cylinders) is assumed.
Here, the CPU 20 executes the servo burst
calculation using table information shown in FIG. 9
(step S4). It is to be noted that a coefficient "G"
25 in the table information is a coefficient (e.g., 2048)
related to the gain for one track (cylinder).

The CPU 20 calculates a difference between
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@Oo%& ()-! " ,1"10%&ck)pbsition) read by the head 12 (step S5).
This difference corresponds to a cylinder distance
(cylinder number) from a track position where the head
5 12 is positioned to a target track which is the target
cylinder.

When the calculated difference is "0", the CPU 20
controls the actuator 13 based on the servo burst
calculation result obtained by the above-described

10 servo burst calculation to execute the position
control for positioning the head 12 at the center of
the target track (YES in steps S6, S7).

On the other hand, when the calculated difference
is not "0", the CPU 20 executes the position control

15 for positioning the head 12 at the center of the
target track by a servo burst calculation method
corresponding to the difference value (cylinder
distance) and symbol from the table information (NO in
steps S6, S8). Here, the symbol indicates the track

20 position of the head 12 on an inner peripheral side or
an outer peripheral side with respect to the target
track of the target cylinder.

Here, the CPU 20 restricts a difference value
from the target cylinder at the time of the on-track

25 control. The CPU may correct past servo data one
sample before from transition of the cylinder code up

to now, or may execute another processing.
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to add or subtract the difference value as the

5 cylinder distance from the target cylinder with

respect to the servo burst calculation result, and

accordingly position control not only in a track range

but also in a broad range can be realized. 1In other

words, there can be provided a servo burst calculation

10 method effective for the position control in the broad
range with a unified equation by addition/subtraction
of the cylinder code with respect to the servo burst
calculation result superior in linearity.

Especially when position calculation is executed

15 using the cylinder code together with the servo burst
signal especially at the time of on-track control,
head positioning control capable of eliminating the
transient response in the servo burst calculation or
securing linearity can be realized.

20 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

25 modifications may be made without departing from the

spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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a head to perform a read operation and a write
operation of data with respect to a disk medium in
5 which servo data including a cylinder code and a servo
burst signal is recorded;
an actuator on which the head is mounted and
which moves the head in a radial direction on the disk
medium;
10 a first servo calculation unit which executes
a servo burst calculation to calculate a position
error of the head by use of the servo burst signal
reproduced by the head at the time of on-track control
to position the head on a track designated by a target
15 cylinder code;
a second servo calculation unit which calculates
a difference between a target cylinder and a current
cylinder in accordance with the cylinder code
reproduced by the head at the time of the on-track
20 control; and
a controller which drives/controls the actuator
to execute the on-track control of the head by use of
a result of the servo burst calculation and a value of
the difference.
25 : 2. The disk drive according to claim 1, wherein

the controller executes the on-track control by

the use of an addition result of addition of the
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109&' ()-F L10%&c§)chlation result calculated by the first servo
calculation unit based on a cylinder distance which is
the difference value calculated by the second servo
5 calculation unit.

3. The disk drive according to claim 1, wherein
the controller uses table information including
an equation group using the servo burst calculation
result and the difference value in relation to

10 a cylinder distance which is the difference value,
and executes the on-track control by the use of
an equation acquired from the table information.

4, The disk drive according to claim 1, wherein
the controller restricts a range of the difference

15 values calculated by the second servo calculation
unit, and executes the on-track control by the use
of an addition result of addition of the difference
value in the range with respect to the servo burst
calculation result calculated by the first servo

20 calculation unit.

5. The disk drive according to claim 1, wherein
the second servo calculation unit and the controller
are constituted of microprocessors.

6. A method of head positioning control applied

25 to a disk drive including: a head to perform a read
operation and a write operation of data with respect

to a disk medium in which servo data including
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and an actuator on which the head is mounted and which
moves the head in a radial direction on the disk
medium, the method comprising:

5 executing a servo burst calculation to calculate
a position error of the head by use of the servo burst
signal reproduced by the head at the time of on-track
control to position the head on a track designated by
a target cylinder code;

10 calculating a difference between a target
cylinder and a current cylinder in accordance with
the cylinder code reproduced by the head at the time
of the on-track control; and
driving/controlling the actuator to execute the
15 on-track control of the head by use of a result of the
servo burst calculation and a value of the difference.
7. The method according to claim 6, wherein the
executing of the on-track control comprises: executing
the on-track control by the use of an addition result
20 of addition of the difference value with. respect to
the servo burst calculation result based on a cylinder
distance which is the difference value.
8._ The method according to claim 6, wherein the
executing of the on-track control comprises: using
25 table information including an equation group using
the servo burst calculation result and the difference

value in relation to a cylinder distance which is the
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information.
9. The method according to claim 6, wherein
5 the executing of the on-track control comprises:
restricting a range of the difference values; and
executing the on-track control by the use of an
addition result of addition of the difference value in
the range with respect to the servo burst calculation
10 result.
10. The method according to claim 6, further
comprising: driving/controlling the actuator in
accordance with the cylinder code reproduced by the

head; and executes seek control to move the head to

15 the target cylinder before the on-track control.



