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";{| e3eVS466LT=E3 METHOD AND APPARATUS FOR POSI TI ONI NG A HEAD IN A DI SK

DRI VE W TH SERVO WRI TI NG FUNCTI ON BACKGROUND OF THE | WEMIO\IHWM“‘WN\MW\WW
invention generally relates to a head positioning system and,

particularly, to a head positioning systemof a disk drive with a.g§ke0
witing function. In general, a disk drive that represents a hard 10 di sk

drive incorporates a head positioning systlem- The head positiﬁmmmmummﬂmﬁmm
positions a head in a target position on a disk medium (sinpl

as a disk hereinafter) based on servo data recorded on the disk. 3o a
servo witing nmethod of recordi RDOTEEroP UHEaINVERTUOSK, there is a-
self-servo witing nmethod that is executed using a nmechani smi ncor porated
into a disk driNelH@eANDNAPPARATHEpFAR ROKAIT IPWINGC &t iHEAINOIN 8A2D23R3, for
exanple). 20 In the self-servo witing nethod, a head is positioned using
servo data wri tR%hE JV R SHREN IR HEIMexfUNEP N data is witten thereto.
The servo data contains position error conponents that are synchronized

with the rotation of the di sBAGCRAERELCIDITEHRFNVENIFON (referred to as RRO

hereinafter). If the,RROincreases, the distortion of old servo data in the
r adi al difecti on of The %I‘F%?e%‘?fje%?%n’fh%? generalby zelakemer? 3ervo data.

Th [ t W L t hod_d i bed abo; t he tech

of stppr esei ng THEY 1S So 1% RS U br 1 BETS GHET CHet o Fhgut i ng 2
ti 5 [ h f d t FF

Corrocti on her ettt oy e Aot Tl ey 8 T etv e

(FF filter) op%ﬁﬂ%tmcgﬁﬂpsponds to the inverse function of the
sensitivity function of a head 10 positioning system The sensitivity

function of a feedbapk gomiral, sysaeaniarfylranst ol HOELALD 4/41#E) where

G nmeans a open-loop transfer function of the feedback control system In

the corrlgction disictdminze ai roasF@eld 05k Val ead peonpidechdys fdeetF fil ter
operation is added to

The head positioning system positions a head in a

target position on a disk medium (simply referred to

as a disk hereinafter) based on servo data recorded

on the disk.

15 As a servo writing method of recording servo
data on a disk, there is a self-servo writing method
that is executed using a mechanism incorporated into
a disk drive (see Jpn. Pat. Appln. KOKAI Publication
No. 8-212733, for example).

20 In the self-servo writing method, a head is
positioned using servo data written to a disk and the
next servo data is written thereto. The servo data
contains position error components that are synchro-
nized with the rotation of the disk, or repeatable

25 run-out (referred to as RRO hereinafter). If the

RRO increases, the distortion of old servo data in

the radial direction of the disk affects that of



"the input value of a controller (followup control elenent) of the head
positioning system The correction value is conputed based on RRO i ncl uded
in position errors of the head (relative to a target 20 position), which
are sensed before the correction. In the above correction function,
however, the RRO caused after a correction value is input cannot be
corrected. It is thus difficult to correct2the distortion of servo data to
be recorded with high 25 precision. BRI EF SUMVARY OF THE | NVENTI ON I n
accordance wth one enbodi nent of the present - 3 invention, there is
provi ded a headBustquenit mesystdmtazapabl e of suppressing the increase of
RRO effectively and correcting the distortion of servo data with high

ef ficiency. 5 The hebe psie¥ onthgselEtearonyriténganpdbodi dasngibaidt to
position a head in a target position on a disk mediumthat is rotating, a
uni t whi ch sensBRE AT tih @ehnigie tok feppress bag vehe olngrease gef
position, a contyoller which outputs 10 an anpunt of control operation of
t he positi oni nS*F{fﬁﬁy HFasEF T H P po&i e F ben e F ok P eI R car feEreehlioni t

whi ch conput es posi.ti on error _conmponent atf Is synchronized with
rotat i onrggf t he@ad]ius? br?éafl]%efé b %lé”&a%ﬁ gﬁﬂ ni)"t’t}rt‘l%l ofethefebhetofPer,

conputes 15 a gﬂgr@pté&g&g@ﬂﬁghEﬁé{%#ﬂgfggg)the position error conponent
a dds

fromthe position error, and a e correction value to the input val ue.

BRI EF DESCRI PTI ON OFpHHE SEVERALLY! Eﬁﬁ@cg%r-ﬂ'@n NG I@Eegfcgggﬁg}éi ng
part o e

drawi ngs, which are incorporated 20 in and constrtute a

specification, {g#e ustras:® %M%%ﬁﬂ&&f@éfﬁﬁ%@%a{ﬂetﬂg@wgé Wi th

t he general description given above and the detali description of the

enbodi ment s gi viemdielaw,o Sere dénexpl @ity then®Eidiei pF es Réaghe invention.
25 FIG 1 is a block diagramof the main part of a disk drive according to

an enbodionent glodinel priesedydtatent iThe sens#tivH €y PuhsStBobl §£Kka di agram
illustrating the main part of a head positioning systemof the disk drive
accordi ng to tHeashrmk mantofl tdies prresenta i twant fon; flhd&idni 5/ a1d6pgr am
showi ng the anmount of distor 5 tion in the head positioning systemof the
di sk drive accotfiify G Saae entrRBnEMCDftrdrs frerstmctiivenfohe FIGS. 4 to
7 are diagranséff ariations of input values of a controller of the head
posi tioning sy Q§#gﬁcﬁtﬁ94ﬁ%94(ﬁY%R?%mcording to the enbodi ment of the 10

present invention; qu FIG 8 is a flowhart showi ng a procedure of
n the correction function, a correction value

15 computed by the FF filter operation is added to
the input value of a controller (follow-up control
element) of the head positioning system. The
correction value is computed based on RRO included
in position errors of the head (relative to a target
20 position), which are sensed before the correction.
In the above correction function, however, the
RRO caused after a correction value is input cannot
be corrected. It is thus difficult to correct the
distortion of servo data to be recorded with high
25 precision.
BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the present



"a self-servo witing operation according to the enbodi ment of the present

i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 An enbodi nent of the
present invention will now be described with reference to the acconpanying
drawings. FIG 1 is a block diagramof the main part of a disk drive having
a self-servo witing function. 20 FIG 2 is a block diagramillustrating a
head posi tinning systemincorporated imt® the disk drive. (Configuration
of Disk Drive) The disk drive according to the enbodi nrent of the present
invention includes a disk 1 serving as a 25 data recording nmedium a head 2
nmount ed on an actieibion, tmra Servmosidédn hawidgoas seldnsegveysebhi ng
function, as showmn in FIG 1. - 5 The disk 1 is attached to a spindle
nmotor (SPM) 10 @RRRB: Ressurpreyfhinpedee Meredsk df HRRO aefifebeivelytracks
(cylinders) 100 that are forned concentrically around the rotation axis of
the disk 1. EacH'$ ATE%e iiackie 1dbsharyion defl $exvo s@ava with onsgl 30.
Each of the servp_sectors 130 includes a | eading servo area 110 and its
subsequent dat & or' TG area 120. On the servo area 110, items of servo
dat a (poggtional i nf ion) are recprded at regular intervals in the 10

t
ci rcunferenti al dire@%?g%e%@ ROSEF VP IRY PR T OPer P HhSBes@ri bed | ater. The
head 2 includ | 1 e 0 d d head 2]1.. Th ite head 20
porforms a wi C S e P Y el (it dhedd s dF B St o the di sk
L 15 The read fiead &n e [PTdB IR JEALORALAL T 0D Lo LeRY, Serve fata or user
éfé e et Th

data out of the disk 1. The actuator noves t ead e disk 1 in

[ts radial difemian nddie AN dOrEa Of S VOE NP | IpLOLyLVEM 4. 20
, a

The servo systemincludes a signal processing unit position sensing

unit 6, a contrtal ltete harg MOl i tiain 8 Ansbit B8 VO Wik 1 éRGowhhtr 9. The
signal processing unit 5is a read/wite channel that perforns a decodi ng

operatid® and am 28nenrtore L arareid NwRELBl 10N f Ofhd ga¢ks 5t poal Sgout put from
the read head 21. The position sensing unit 6 separates servo data fromthe
read data proceusidd dased -or6 thedgoasd igriadn prmooms,si awgd Ui dobréot pemer at e
positional information of the head 2 (which is broadly divided into a
cyl i nder addr es®ighd'e dercanmiliest siggsilt)ioMer conteaiperet i ticdtudes a
nicroprocessor_(CP%) 5 70 that serves as a main elenment to execute prograns

stored in a ROMS7 PYAHA R BNfasghimesttn Irdert isusiad ofiqgdisk medium

based on an input value of the controller, computes

15 a correction value to eliminate the position error
component from the position error, and adds the
correction value to the input value.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

20 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,
serve to explain the principles of the invention.

25 FIG. 1 is a block diagram of the main part of a
disk drive according to an embodiment of the present

invention;



"system which will be described |ater. The CPU 70 conputes the amunt of
control operation (control input value) to drive the VCM 4 in accordance
with a 10 head position sensed every fixed tinme period by the position
sensing unit 6, control parameters stored in the ROM 71, program processing
time neasured by a tinmer, and the Iike. The VCM driver 8 generates a
driving current 15 corresponding to the ambunt of control operation out put
fromthe CPU 70 and supplies it to the VCM 4. The servo witing unit 9
generates servo data to be recorded in the servo area 110 in response to an
instruction fromtheFGPU Z0iand sLppki @Sattahoil besPPatihéetheada?f. The
servo witing unit 9 achieves a self-servo witing function together with
the CPU 70. (HezaktPosftd omad @onttdnBysteydtRefef rilng dosEldxi®e the head
positioning systemincludes a feedback control system having a controller
25 (transfer fARIHIT DOOthe embrdimenenehtthadrreserd invewttorbnt rol
system f or generating a correction value (FF) to elimnate RRO (position
error conponents _F¥G. 8hhf ar@laghenrsheyendwrha emeurbtafi @hsberrhe
disk). This systemis configured by, software including progranms _and control
par amet ers st oredP mi h@%ﬁ%?ai‘g %%%lh@%&g shoRReR o i e 191 sk Tdhpive

troller 200 i It_af addi tio=n_of i £ PES) of

pl ant (1 ar ot TG oM roT ) (O PN ERY 1Ot Foh BEFURPE RV TAELER | nput
lue 250 to the i i pal e, val trol

ot ermine the anount 7 cont ol 10 Sparartais BF RaRE ot PRRGOE neRBRbnt 210

at regul ar timgdN{&L Vit Sy %%ﬁ}é?fg@rZ&P {ﬁetﬁga&gég p@{o%?ﬁgrg%gg?%he head

2 in a broad sense and the In a narrow sens ecl e VCM
driver 8 converds the @PNrPe 1DcEOPRIRG CPCFRLT SRoOMLRYL L f 5 oM 1§ he
controller 200 into a driving current and supplies It to the VCM 4. The
feed formard coppsdnisSyShiesmt neh ydesda RRO neasuring unit 220, an FF filter
230 and an FF input generating unit 240. 20 The RRO nmeasuring unit 220
measures an RRO resi DAl goipoaefiofcharthshbwpnly sapueca8lrefofhe
controller 200. The FF filter 230 is a linear filter operating unit that is
associ ated wit e tdel fnseree wohtinonopérabheoseascording tancheon of the

f eedback 25 control system and conputes correction values (FF) fromthe
measur ement restitiedifienep hit tlod REgIRRE oinveRpeedi ve servo sectors) of the
RRO nmeasuring unit _ 8 220. The FF input generating unit 240 outputs
the correction val ue (FﬁﬁnyﬁﬂﬁghéﬁaﬂRﬁﬁﬁﬁé%ﬁg%f@ﬁ%t NTISHN f - Servo
witing eration) sel f-servo witi operation according to. 5 the
present odi ment Ie%%ﬁb‘@e?l%s%%igg@ &F?ﬁeF‘Ef eP¥RBELPB FLES 3 to 8 as
wel | as FIGS. and_ 2.  First he, SPM 10 rotates the disk 1 at a constant
angul ar veIoci3%PW$¥?rﬁf%ﬁ%ﬁp%éiwﬁéhlﬂe %ﬁe%%?fggegg% IrFeTRYHetRod, the
CPU 70 inStrLKH&%éwfh%Q read head 21 to read old servo data fromthe disk 1
at regular time intervals, as shown in FIG 8 (step S1). The positional

i nformation indicatipggthe cyrpepliopRshihgPaRf okhenbeadig bareyaghr oni zed
with the rotation angle of the disk 1 and obtained fromthe |eading 15
servo area 1l 0 ofdesiehgofvé Neasehiy0a S€EL 0F Se 230 whDEikEUrdAcPOShL i Ons the

wite head 20 in a position to which the next servo data is witten in
accor darife wit lEIde Pobs ta anbbck ndDa gaéimohl Dhsaraednfr ammehe posi-
tioning system incorporated into the disk drive.
(Configuration of Disk Drive)
The disk drive according to the embodiment of
the present invention includes a disk 1 serving as a
25 data recording medium, a head 2 mounted on an actuator

3, and a servo system having a self-servo writing

function, as shown in FIG. 1.



"servo area 110 (step S2). 20 Referring here to FIG 1, the wite head 20
and read head 21 of the head 2 are displaced in the radial direction of the
disk 1. Mre specifically, the wite head 20 is |located at the inner radius
nore than the read head 21. 25 The CPU 70 wites servo data to the servo
area 110 of each servo sector of each cylinder (track) fromthe outer
radius of the disk 1 (step S3). Then, the5 -~ 9 head 2 seeks (is
positioned) for each cylinder toward the inner radius of the disk 1. The
CPU 70 repeats the servo wite operation to wite servo data to the entire
surface of the di sk Thé siepk SU)isSattechsédietor it ephrdtle2@otsr] 0sated at t he
outer radius of the disk 1 nore than the read head 21, it wites servo data
fromthe inner Yadng 1dfeatd atThel gosspeeni ngTopedask oh ndsthenunbée head
20 in step S2 will now be described with reference 10 to FIG 2. In

sel f-servo wri tdhdeesat {@n inder OPU. 00 ozt tépasfotmedr ¢orceribri20 by t he
head positioning control shown in FIG 2. The controller 200 conputes the
anount of cont IR IBpAERYN the STetatRR axbosef 18he i dhskrior E#ES) bet ween
t he position of old servo data read the read head 21 and a position to
whi ch the‘Ig next Osfgrﬁﬁg datacks 19 t%%r@yﬁfﬁe%uﬁﬁ?e%ewot%e?ﬁ%rﬁl B8pP-210. The

result of addition of-the position error S d.the correction val ue
(F::) f rngn t]tlet I'H'—a(%b (?[fnp:[he gse%‘foaﬁ%%t%ﬁ' tfg(goi?cgﬂrl%@%rﬂle d% lE‘Fnes?ﬁ'}[S‘_at o1
val ue o] r ; . erv i ncl udes di rtion

due to RRO, whi eééfhrheldr)le%ﬁd Slgt?ssos%%e%&%%é ucéizl‘?‘eig's)a d?é oo?_%%% %b%adg%&o RRO.
The feed forwargh o rQl Ry siem 25 ¢ONpules @fCQéfx‘?&taé’ga‘éf;Lyﬁiéfgﬂ guch

that the distor tion SD1 has no i nfluence on the witin e next servo

data. In other fdiSnatiitth)CHFEtd Dy Uet regidlar (FReltsafONPYL £desuch
that the input value 250 of the controller 204 includes no RRO conponents.

The openation afiddienfasch i Wed itk SOt 510 b pYSt S8 | hr bEi dgsepbbedi bgl ow. 5
The RRO neasuring unit 220 has nenories that are equal in nunber to the
servo sectors aebaridsd dsataar RRO resi dual conmponent fromthe input val ue
250 of the controller 200. Specifically, the measurenment is given by the
foll owi ng equation (The HERRRY K)cludRRO(K)wriG XnéPESPO)andFE(kead ... (1)

head 21. The write head 20 performs a write operation
to write servo data or user data onto the disk 1.

15 The read head 21 performs a read operation to read
servo data or user data out of the disk 1. The
actuator 3 moves the head 2 over the disk 1 in its
radial direction by the driving force of a voice coil
motor (VCM) 4.

20 The servo system includes a signal processing
unit 5, a position sensing unit 6, a controller 7,

a VCM driver 8 and a servo writing unit 9.
The signal processing unit 5 is a read/write
channel that performs a decoding operation and an

25 error-correcting operation for read signals output
from the read head 21. The position sensing unit 6

separates servo data from the read data processed by



‘where k is the nunber of a servo sector, RRQ(k) is a result of neasurenent
of RRO corresponding to the servo sector k, which is stored in a nenory of
the RRO neasuring unit 220, PES(t) is a position error (PES) 15 including
the distortion of servo data, FF(k) is a correction value output fromthe
FF i nput generating unit 240 and corresponding to the servo sector k, and G
is a gain constant of O through 1, whieh i6s sel ected to converge the
generation of a correction value (FF) 20 stably and quickly. In the above
equation (1), RRO k) in the right termrepresents a val ue neasured when ol d
servo data is whe tsigndhefdcdsdimy 230 cHNpaIt@SnEr£108 r|ed i oiowval ue 25
(FF) fromthe neasurenent result (an integration value of each of the servo
sectors) storedifpornat me§ ie theadRRD (waksah i g hridd 203 idhdeEF i nput
generati ng - 11 unit 240 outputs the correction value (FF) for each of
the servo sect orsto & escrivedddRes akd FREVQ SuUPSD sigakled in the
feed forward control_system conputes a correction 5 value (FF) to correct a
distortion due to RR@%a‘EI%%’ar B of RtV Tad M SrARTeERFSOY n(GPWbr

unit 220 estjmates a residual RRO conponent that

wor ds, t RRO urin

correspords to ﬁgtﬁ'%ﬁ%r%qs A3tDMITh FRERE (R RRSUTRL IO er 230
adds the esti ed 10 anmou f.-distortion to the correction value (FF) to
elininate thenz’)lttschfoeré)ilorh %I[Pém?on?haéq%@rf CRaRZ & %ghesae‘g BRI LF PRI ol d
servo data was i n. .1hus,. 1 [ stortiaqn used .whe l.g. servo data
is witten can %ép%%lg’ssw%%i%%ﬁabgée éo S@%’?Cﬁgtlaﬁe}s’ 1C51T%% C?Eﬁ Iﬁoence on the

distortion SD2 SHyRad etk LifolaK o S LA LR Tl Sratidd Clboddrd s Lher efor e

possible to correct a distortion due to RROIn servo data recorded on the
disk 1 with hi ghhgecisid) itb Setfaerse W i N0 PPEF @+ Phc Ay F1G 2 3 shows
simulation results (gain constant Gis 0.3) of the ampbunt of distortion of
servo ddtta (serhandlimirtian sdmsed )eveng uf Btkd of i@ Ghe SRSV O BEEROr 1 N
self-servo witing operation using the head positioning systemaccording to
the present entmxli25Siarendendimdlu@mit3, 6 ed@itense pamaiete 3D0s t kg at es t he
servo distortion anount at the tinme of witing of the - 12 preceding

(ol d) servo datid e @b CcEL nurergram or aeewt oy t hisns eneasulfed dvy i @n anount
corrected by the prior art feed forward control. Reference nuneral 320
represents the W&t dnd die ohilgwount corrected by 5 the feed forward
control of the preseﬂge enbodinent. FIGS. 4 to 7 show sinulation results of
time variations in tTeiHghtdvaree 250eRerates candFbyiey ovoraekording to a

change i.n gai n const ant i n the head posjtioning systemaccording to the
present 1%0 emb S TeTiE® tie g P % C@’?Er%l OP§FREEPhver gence

speed becones ro%étveg%g%%%gscﬁpoy@ aFrllcgsép ]Iyl\[‘s\ee%\n%ﬁ?g%gg,i?gwc‘g#ﬁﬁnt Gis

0.3 as shown in e conver gence spe e e gain

constant 15 G i d.& &g %M%e‘l;dlﬁ] @géz‘i@rz?@é‘%’e%?ﬁ@ie%étgfegoiée

noticeably inproved. However, \ e galn consta ( 8 as shown in
FIG 7, the comeigence speath iRl 4004 ovesl Dutrya8d.e9. sogreyhat widely in

a steady state. It is thus desirable that the gain constant G 20 should
fall within a riangeraftib thewughe GBI 70 and supplies it to the
20 write head 20. The servo writing unit 9 achieves a
self-servo writing function together with the CPU 70.
(Head Positioning Control System)
Referring to FIG. 2, the head positioning system
includes a feedback control system having a controller
25 (transfer function C) 200 as a main element and a feed

forward control system for generating a correction

value (FF) to eliminate RRO (position error components



"In the self-servo witing nmethod using the head positioning system
according to the present enbodi nent, when servo data is witten to a disk
based on the preceding servo data recorded on the disk, the RRO 25
conponent that is synchronized with the rotation of the disk can
effectively be inhibited fromincreasing. Specifically, the RRO conponent
can be deleted from - 13 the input val de 250 of the controller 200.
Consequently, the distortion of old servo data in the radial direction of
the disk can inhibit RRO which has an influence on the distortion of the
subsequent 5 sdhalt date,synadmimcehsiingh the heest posi ¢ f othagd sys) em
according to the present enbodinent is applied to the self-servo witing
operation in tHimraysiek idr icenfHowedrhy isotambe appludihgo, for
exanpl e, a process of 10 manufacturing a master of a digital versatile disk
(DVD) . Accor diRff IR h e RPIHo |+ i kA aive 59583 et elesd r ibethaboRié, 7@
correction val ue4s cor{ect ed by feeding back the RRO after the FF
correction to BRYG fifthit! PR T ot 1 nkr easi ng effectively and thus

correct _t5he di storti,ﬁg of ser(%/\f dat%l ith hi%h efficiency. Additional
advant agfs and nodi f1tatTUNS UHHET reddi TSCOteeT Rorerdse ki #€@4-in the
art. Therefore, .20 t invention in its der_aspects is not lipted to
the specific d_ettlgoﬁ sO%nad_%roesplrtelsoerhteajf]ﬁ/r_e di Hent &P %16\@?%\?15‘3%%3 ?¥ bed
herei n. Accor d'&ﬂit&’ol")aril%%rﬁdé fdocxakt éﬁrs\?/maﬁfe c) \F/)\/tésggéjrt%lde L?tll_:tl ng

fromthe spirit or scope of t general 1 I'Ve~ conce ned by

the appended chaik guh theith LHHMA &M Sninal) hd W%%%&%%Pel S 1. A

head positioning systemconprising: a positioning u n a head

in a target posidle) d¥htrdll o MRdidmmilatictis @it NgE S et which
senses a position error of the head relative to the target position; a

control 1é&r whi cpeuttpuirs fr ageitto 0fimPprins®|pxper at i ®na©f rddpgl Osi tioni ng
unit based on the posi tion error; and 10 a correction unit which computes
a position errddimeonpdreemntaltshat is synchronized with rotation of the disk
medi um based on an i nput value of the controller, conputes a correction
value to elininate tHe snt ohl @rirthonponentor r oncl héiposthe oneadr or,
and adds the 15 correction value to the input value. 2. The head

posi ti oni ng syt ém dcBiFhFaseladidnthe Wafd nin e norredtsomsaeni t adds
the correc tion _val,ue tq _the position error as the input value of the

control ler to GBS I Positicon’ @ brl Edmfo RVt rom aanesut tobf

addltIOTS control operation output from the controller 200 into

a driving current and supplies it to the VCM 4.

The feed forward control system includes a RRO
measuring unit 220, an FF filter 230 and an FF input
generating unit 240.

20 The RRO measuring unit 220 measures an RRO
residual component from the input value 250 of the
controller 200. The FF filter 230 is a linear filter
operating unit that is associated with the inverse
function of the sensitivity function of the feedback

25 control system, and computes correction values (FF)

from the measurement results (integration values of

respective servo sectors) of the RRO measuring unit



"3. The head positioning systemaccording to claim1, wherein the controller
perfornms followup control to elimnate the position error under feedback
control, and the correction unit configures a feed 25 forward contr ol
system whi ch inputs the correction value to the controller. 4. The head
positioning systemaccording to - 15 claim1l1, wherein the correction
unit includes a linear filter that is ass@ciated with an inverse function
of a sensitivity function of the head positioning system and obtains the
position error conponent fromthe 5 input value of the controller as an
i nput val ue of 22k | iTearFR iddert ddrersenisid iwiity Z4mchiopuod ohé eedback
control systembeing a transfer function 1/(1+G where G neans a open-1|oop
transfer functiearrschivn fedimackFRonfonleaststein tid Servo disktalrs ve
conprising: a head to read/wite data fromto a disk nediumthat is
rotating; a unitSeiHide=ipinidsinhOrrizat @t servo data to be recorded on
the disk nmedium 15 a posjitioning unit to position the head in a target
position on the dis@W%%ﬂ{ﬁﬁe%NQNW¥1§%ﬁQ*P%%#%%%O% desP¥ddRgekPor of the
a controller which outputs a control

head rel ative tq the target posjtion;

val ue of%the Zdﬁbeoﬁrﬁ ge“ﬁ?ﬁ‘il n’iec}“”o]n1 THEY R8T B DN the servo
data is witten_ t e, disk jumt,0 rformhead pgsitioning. control; and
a correction u%etPevéé}lc%e ctoom%s' ang p %Pqei%% “éer]gora%o‘ﬁ%%%Enf Et‘rﬂ%\t‘?i s
synchroni zed with rofgtion gf t %%W4§$a@§ iHW%Q&fSQ pn ﬁnainput val ue of
the controller to obtain’a correction varue to elimnate The position error

conponent f romddies RS R BIF Aelocitylbin Bnd Nes i ke ded ve Agcrding to
claim5, wherein the correction unit corrects a result of addition, which

i's obtained by addi-ngeAhe GO QM thed UerHd die POSifdonF & ofhd hat
corresponds to a distortion 5 of old servo data recorded on the disk

medi um 1&s t he degalithesad We do thead ailtd Add©Fo tdn bt Bi-din t fige PSSR i DNater ror
conponent fromthe input value. 7. The disk drive according to claimb5,
wherein the comegillagr tposd tirdresrtadies hesd foswreah PIGcy8 i stiép der s, f or med
on the disk nedium and the correction
The positional information indicating the current
position of the head 2 is synchronized with the rota-
tion angle of the disk 1 and obtained from the leading
15 servo area 110 of each of the servo sectors 130. The
CPU 70 positions the write head 20 in a position to
which the next servo data is written in accordance
with the positional information obtained from the
servo area 110 (step S2).
20 Referring here to FIG. 1, the write head 20 and
read head 21 of the head 2 are displaced in the radial
direction of the disk 1. More specifically, the write
head 20 is located at the inner radius more than the
read head 21.
25 The CPU 70 writes servo data to the servo area

110 of each servo sector of each cylinder (track) from

the outer radius of the disk 1 (step S3). Then, the



"unit computes the correction val ue based on input values integrated for
each of servo sectors included in each of the cylinders. 8. The disk drive
according to claim5, wherein 15 the correction unit includes a |linear
filter that is associated with an inverse function of a sensitivity
function of a head positioning systemincluding the controller, and obtains
the position error conmponent frominput- v@ ues integrated for each of servo
sectors 20 as an input value of the linear filter, the sensi tivity
function of a feedback control system being a transfer function 1/ (1+Q
where G nmeans ahapere | oopkd r ahsfess fuhotedn Hbr tdechh eegbindex ondwatd syst em
9. A nethod of servo witing for a disk drive 25 including a head to

read/ wite dat &&He omner araitsks netli tne tddski 5. r oflae i GV Therempedbs
conprising: reading servo data fromthe di sk nedium by the ~~ head;
conputing a posihe oFrEYe o torparehttioni th Wiy nearvni deba wke hthet at i on
of the disk nmedium when the head is positioned in_a target position on the

5 di sk medi um RREF DS TRERSRIYD H%?a@l%%r}oﬁﬁ¥ﬁ% 24 b05|t|on|ng operation
i ncluding. a correcti operation _to eli ate 0 erro corrponent
fromthe%posi tion er@g‘? ha W}F?nﬁe?ﬂmz eWo 8ﬁ?g ? i: gh?aPljtF posi tion
on 10 the disk ne lun1b the hfag 10 Th g, et od acg glng %9 cl§|n19
wherein the poé?% d%ﬁﬁ% ?a? on |s erf orned to p% tion't head for

each of cylindegs; ot r@&'ﬁ &Qeadféégm"@ﬂéu 1800: Lhe,corpept) g operation

is perforned to conpute a correction val ue I'm na e position

error conponent for ?ﬁ&h%%l%%ﬁ?n%sg@%étwﬁ' H@eﬁ'hlenw‘f%a gEakhe
cylinders. .A A A2. A A A9. A&. A&&. A&8ZVIQ’ _IMqg-\

20 in step 82 will now be described with reference
10 to FIG. 2.

In self-servo writing operation, the CPU 70
positions the write head 20 by the head positioning
control shown in FIG. 2. The controller 200 computes
the amount of control operation to eliminate a posi-

15 tion error (PES) between the position of old servo
| data read by the read head 21 and a position to which
the next servo data is written, and supplies it to
the plant 210. The result of addition of the position
error (PES) and the correction value (FF) from the FF
20 input generating unit 240 is regarded as the input
value 250 of the controller 200.

The old servo data includes distortion SD1 due
to RRO, while the next servo data includes distortion
SD2 due to RRO. The feed forward control system

25 computes a correction value (FF) such that the distor-
tion SD1 has no influence on the writing of the next

servo data. In other words, the correction wvalue
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| E~ = where k is the number of a servo sector, RRO(k) is a
result of measurement of RRO corresponding to the
servo sector k, which is stored in a memory of the RRO
measuring unit 220, PES(t) is a position error (PES)
15 including the distortion of servo data, FF(k) is a
correction wvalue output from the FF input generating
unit 240 and corresponding to the servo sector k, and
G is a gain constant of 0 through 1, which is selected
to converge the generation of a correction value (FF)
20 stably and quickly.

In the above equation (1), RRO(k) in the right
term represents a value measured when old servo data
is written.

The FF filter 230 computes a correction value

25 (FF) from the measurement result (an integration wvalue

of each of the servo sectors) stored in the memory of

the RRO measuring unit 220. The FF input generating
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71096&' ()-6"109@&i Y )240 outputs the correction value (FF) for each of
the servo sectors.
As described above, the FF filter 230 included in
the feed forward control system computes a correction
5 value (FF) to correct a distortion due to RRO caused
when old servo data is written. 1In other words,
the RRO measuring unit 220 estimates a residual RRO
component that corresponds to the amount of distortion
due to the RRO. The FF filter 230 adds the estimated
10 amount of distortion to the correction value (FF)
to eliminate the distortion due to the RRO that was
caused before the old servo data was written. Thus,
the distortion SD1 caused when old servo data is
written can suppress the increase of RRO that has
15 an influence on the distortion SD2 caused when the
next servo data is written. It is therefore possible
to correct a distortion due to RRO in servo data
recorded on the disk 1 with high precision in self-
servo writing operation.
20 FIG. 3 shows simulation results (gain constant
G is 0.3) of the amount of distortion of servo data
(servo distortion amount) measured for each servo
sector in self-servo writing operation using the head
positioning system according to the present embodi-
25 ment.

In FIG. 3, reference numeral 300 indicates the

servo distortion amount at the time of writing of the
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5 the feed forward control of the present embodiment.

FIGS. 4 to 7 show simulation results of time
variations in the input value 250 of the controller
200 according to a change in gain constant G in the
head positioning system according to the present

10 embodiment.

When the gain constant G is 0.1, the convergence
speed becomes relatively low as shown FIG. 4. When
the gain constant G is 0.3 as shown in FIG. 5, the
convergence speed is improved. When the gain constant

15 G is 0.6 as shown in FIG. 6, the convergence speed is:
noticeably improved. However, when the gain constant
G is 0.8 as shown in FIG. 7, the convergence speed is
not improved but varies somewhat widely in a steady
state. It is thus desirable that the gain constant G
20 should fall within a range of 0.3 through 0.6.

In the self-servo writing method using the head
positioning system according to the present embodi- -
ment, when servo data is written to a disk based on
the preceding servo data recorded on the disk, the RRO

25 component that is synchronized with the rotation of
the disk can effectively be inhibited from increasing.

Specifically, the RRO component can be deleted from
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radial direction of the disk can inhibit RRO, which

has an influence on the distortion of the subsequent

5 servo data, from increasing.

The head positioning system according to the
present embodiment is applied to the self-servo
writing operation in the hard disk drive. However,
it can be applied to, for example, a process of

10 manufacturing a master of a digital versatile
disk (DVD).

According to the head positioning system
described above, a correction value is corrected by
feeding back the RRO after the FF correction to

15 inhibit the RRO from increasing effectively and
thus correct the distortion of servo data with high
efficiency.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

20 the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, wvarious
modifications may be made without departing from the

spirit or scope of the general inventive concept as

25 defined by the appended claims and their equivalents.
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1. A head positioning system comprising:

a positioning unit to position a head in a target
position on a disk medium that is rotating;

5 a unit which senses a position error of the head
relative to the target position;

a controller which outputs an amount of control
operation of the positioning unit based on the posi-
tion error; and

10 a correction unit which computes a position error
component that is synchronized with rotation of the
disk medium based on an input value of the controller,
computes a correction value to eliminate the position
error component from the position error, and adds the

15 correction value to the input value.

2. The head positioning system according to
claim 1, wherein the correction unit adds the correc-
tion value to the position error as the input value of
the controller to obtain the position error component

20 from a result of addition.

3. The head positioning system according to
claim 1, wherein the controller performs follow-up
control to eliminate the position error under feedback
control, and the correction unit configures a feed

25 forward control system which inputs the correction

value to the controller.

4. The head positioning system according to
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filter that is associated with an inverse function of
a sensitivity function of the head positioning system,
and obtains the position error component from the
5 input value of the controller as an input value of the
linear filter, the sensitivity function of a feedback
control system being a transfer function 1/ (1+G) where
G means a open-loop transfer function of the feedback
control system.
10 5. A disk drive comprising:
a head to read/write data from/to a disk medium
that is rotating;
a unit which supplies the head with servo data to
be recorded on the disk medium;
15 a positioning unit to position the head in a
target position on the disk medium;
a unit which senses a position error of the head
relative to the target position;
a controller which outputs a control value of the
20 positioning unit based on the position error when the
servo data is written to the disk medium to perform
head positioning control; and
a correction unit which computes a position error
component that is synchronized with rotation of the
25 disk medium based on an input value of the controller

to obtain a correction value to eliminate the position

error component from the position error.
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6. The disk drive according to claim 5, wherein
the correction unit corrects a result of addition,
which is obtained by adding the correction value to
the position error that corresponds to a distortion
5 of o0ld servo data recorded on the disk medium, as the
input value of the controller to obtain the position
error component from the input value.
7. The disk drive according to claim 5, wherein
the controller positions the head for each of cylin-
10 ders formed on the disk medium, and the correction
unit computes the correction value based on input
values integrated for each of servo sectors included
in each of the cylinders.
8. The disk drive according to claim 5, wherein
15 the correction unit includes a linear filter that is
associated with an inverse function of a sensitivity
function of a head positioning system including the
controller, and obtains the position error component
from input values integrated for each of servo sectors
20 as an input value of the linear filter, the sensi-
tivity function of a feedback control system being a
transfer function 1/ (1+G) where G means a open-loop
transfer function of the feedback control system.
9. A method of servo writing for a disk drive
25 including a head to read/write data from/to a disk

medium that is rotating, the method comprising:

reading servo data from the disk medium by the
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synchronized with rotation of the disk medium, when
the head is positioned in a target position on the
5 disk medium based on the servo data;

performing a positioning operation including a
correcting operation to eliminate the position error
component from the position error; and

writing the servo data to the target position on

10 the disk medium by the head.

10. The method according to claim 9, wherein the
positioning operation is performed to position the
head for each of cylinders formed on the disk medium,
and the correcting operation is performed to compute

15 a correction value to eliminate the position error
component for each of servo sectors included in each

of the cylinders.



