SERVO WRI TER I N A DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The

invention generally relates to disk drives, and in particular, to a, !

of servo witing using a servo witer incorporated in the disk dri vE®™ sk
drives represented by hard disk drives are 10 generally configured to use a
disk as a recording nedium and record-datja ento the disk with |
head (head), or reproduce data fromthe disk. In the disk driveﬂ%ﬂﬁ@ﬂ@hwmmm
information called a servo pattern, which is used to position t

15 a target position (target tragk;positipR t@UEreagikng/ witing) on'PhHE

di sk, is recorded on the disk. The servo patterns are witten onto the disk
in a servo Wi tyiesdh b Eppidetrod fomesuiactwRITINGIOSESs of the disk
drive. For a nethod of servo 20 witing to wite the servo patterns onto
the disk, a tranSCsRPORATED YPERVEWRUTERr ISeAfDSSKVDRIWELi ng has been
proposed (e. g., refer to Jpn. Pat. Appln. KOKAlI Publication No. 1-208777),
in addition to a nmethod usi Nn@EZCKEROUND exF SR/ CNMENTEION servo track witer:
25 also referred to as STW. In this nethod for self-servo witing, a disk
in which & base patt®ha hasspnévioushyibsegenecaildgdrpyates. tp dig&

dedi cated servo witer is incorporated in the disk drive. In the disk
drive, the basedpaveernand imseparbiebherol tpodi PEERPAGOSS SERBChead, and the
servo patterns are witten onto the disk, 5 |n the ne%had,of ﬁelf:s rvo
writing describegitinghespreor 8PFVPeWRAFEEI LB6RHRBAE e EsiPhE FadeSFat ter ns
previously recorded on the disk are used, witing accuracy of the base
patterns influef€&¥®accuracy of witing the servo patterns. Especially,
such factors 10 as rqtatiagn.changes of the di en . di r; e .of
the base patterns (tﬁéé% gﬁéﬂ&f nggﬁkgggobgﬁgggﬁé%}g¥ﬁﬁglkgﬁl%E%guse t he
sel f-ser witin S L a,sh f 4t rvo 4 witten
ont o theygisk. ggggkﬁéibs%ﬁﬁE§QB%EdTﬁ§ ?%%E%TF%%QI%%aécg?ggﬁgé&% th one
embodi ment of tREsRLASCEhd BYEBLLORathNBho khePEO¥KIGd A Eehagheaicservo
witing in a dis rive, wherein an incorporated servo witer is used to
wite, servo pahkgHN3hwhese shapepz@ddicet dathofrom ¢her eédis&d, into a disk
medi um The nmethod conprises controlling the actuator mechani smon the
basis of a basic servue palt erink enrdvegd sarvend ndicgknatiidnacea ldfed he di sk

medi um and performng a positioning control to position the head 25 at a
target positionaosetrre pattespendirighdiisk usedf &oe posdltdghattieg heashate
distortion of the basic servo patterns with reference to an ideal shape;

- 3 coriiécti ngaatpogieti mesdtione (teadetn tdesd davdd i@t Hox cal cul at ed
shape distortion anpunt of the basic servo patterns; d witing ew
servo pattern i egifdng/srditiypads omhdsadic kserdo FRardsd S (i dflsﬁrj(S
surface of the disk diumw th the head whose ,positi i,S. Co ted. BRI EF
DESCRI PTI ON OF THE S er\ﬁ%ﬁ@’%@% %WN&%%% °ar%:c°orr%1aeny%%gdl§gm ngs,

whi ch are incorporated in. Q | tut rs :éﬂﬁgj J.cation, 10
illustrate enbocﬁ Teft's ﬁr%ﬂguqcr#ze t ilglncalgdnegftlglgg ﬁgr}ﬁlw t t%]le&%leneral
description 9'V%&6%%E§36¥“£Hé“aisk drive. For a method of servo

20 writing to write the servo patterns onto the disk,

, @3ezw<d86nTXhn METHOD AND APPARATUS FOR SERVO WRI TI NG USI NG | Hﬂﬁmﬂmﬂﬂm
net LO

a transcription-type method for self-servo writing has
been proposed (e.g., refer to Jpn. Pat. Appln. KOKAI
Publication No. 1-208777), in addition to a method
using a dedicated servo writer (servo track writer:
25 also referred to as STW).
In this method for self-servo writing, a disk in

which a base pattern has previously been recorded by



detail ed description of the enbodi nents gi ven bel ow, serve to explain the
principles of the invention. FIG 1 is a block diagram show ng a
configuration 15 of a disk drive according to an enbodi nent of the present
invention; FIG 2 is a block diagramshow ng a concept of a head
positioning control systemin a servo witer according to the present
enbodiment; 20 FIG 3 is a diagramto exphain a basic servo pattern and a
new servo pattern according to the present enbodi nment FIGS. 4A and 4B are
diagranms to explain an operation of witing the new servo pattern accordi ng

25 to the preseif. HMAUIEIN .G AL & A A AR wPRlAI & dine

operation of wi g € new servo patterns into Isks in a

method of servoyirid i ngrRGeRr difg Lo {he esadsehodidmntss Rld&a g and

7B are diagrans to explain a wite correction function of the servo witer

according t0 5 ddie REESESY i ETmodigrent ;1 Gedd ) Sardd i1osksslivgr am showi ng a
concept of the head positioning control systemincluding a servo pattern

shape esti mati Ghntid #n@Co0s dinie tien tdret Prigsendi sibodi ment; 10 FIGS. 9 to 12
are diagrans to explain the wite correction function of the servo witer
according to the presenthenbedthodndf & GE-48rvs writigygadesorExplliain a
principle of calculating a distortion anmount of the basic servo 15 patterns
accordi ng to theherestonr anbpokeEmicak GSsunento ay the kRagrastesexpl ain
an operational principle of the servo pattern shape estimatjon unit

accordi ng to tHRrPYEReRtY cheeRR Aedton ake 28l ik @raguseda WFbhthdrt to
explain a procedure of an_inspection process acgﬁﬁdin%ﬁto anot her present

enbodi ment . DETRFEERRBESCRI PAT CRATE FRVENTHON DO HERTS20Y The
R R G (. R e A i
to explai@ a nﬁégogo gtfgﬁvc Eﬁ&ééngf the gisk often distort a shape

of the base patterns (track shape) written onto the

disk. This could.cause the self-servo writing to also

distort a shape of the servo patterns written onto

the disk.

15 BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the present
invention, there is provided a method of servo writing
in a disk drive, wherein an incorporated servo writer
is used to write, servo patterns whose shape

20 distortion is corrected, into a disk medium.

The method comprises controlling the actuator
mechanism on the basis of a basic servo pattern
recorded on one disk surface of the disk medium, and
performing a positioning control to position the head

25 at a target position on the corresponding disk

surface; calculating a shape distortion of the basic

servo patterns with reference to an ideal shape;



according to the present enbodi ment. (System configuration) As shown in
FIG 1, the disk drive of the present enbodi nent has a di sk drive nechani sm
1, and a print 5 circuit board (PCB) 2 nmounted with a circuit group to
enable a servo witer. In other words, the disk drive of the present
enbodiment is a type of disk drive in which the servo witer is

i ncor porated. The di sk drive nmechanism-1 has-a disk 10 which is 10 pl aced
and rotated on a spindle notor (SPM 11, and a head 12 nounted on an
actuator 13. The actuator 13 is a nechanismwhich is driven by a voice coil
motor (VCM) 14 g rmvie the, head ol nof dididdadli fiecdd @r dihddiadisk 10, 15
In one surface of the disk 10, basic servo patterns (sonetines noted as
BSP) 100 are recasshee witdy predsd ed 16 feek Spracatount o £itloardasiant i al
direction by an ordinary dedicated servo witer (STW. The basic servo
pattern 100 hassdiwo Searet €amd endrsd asr 20imn ormkwaserservat patn ekm, and has
a cylinder address (track address codes) and a servo burst signal.
Furthernore, thehaliskeifitpnpfites oneliorsexwe apativeen ddktipt adesk and has
two or nore data recording surfaces. The basic servo pattern 100 is
recorded 25 onlsuxfaomeo fathe sdif$lhcredbyardl ekstiee herd iWdee of di sk
plates. The head 12 is equipped with a read head el enent r - 6 for
perform ng a reesbpemtidncereeatefi te head el ement for performing a wite

ti th |ider. In the head 12, th d I d
The basi ¢ sorvo BRIRIFSOO AN (¢ Mo ateray fRe F T ETTERad
| t it tt n_d i bed_| at et tE I In th
or oot enbodi mant . THE. PCRDGRACY RESCRFBUF U3t olif -8 BREDIEABFYoor i ter

function are collecfiVv eSS a.ge J - 10 conveni ence.
The servo mwite%nzgéé %%%%??ggggpgd%gﬁ$c?gp?%§e§%%§§%%§i§?62'nenDry storing
a Programto enaplgstherseLufoUthbats! YECLRONindeNEMbAT | By togdthug a VOM
14, a read/wite channel to process a read/wite S|gnaf of the head 12, and

the like. 15 ThgisgrvReWstheta? ge3blestivnchions aboveughlythecl ock
processing unit 20 for generating various kinds of clocks, a servo pattern

wite unit 21, aafaalbaadeposiptoohngfcener ehbuvdihed?s Fheenl bekopy ocessing
unit 20 enables a clocking 20 function to decide wite timng for witing

t he new servo patteentoMerplapecithiecrkliyciphescbéckhpr boessthagnunit 20
decides the wite timng in a disk rotation direction on the basis of the
basi ¢ servo patternsFa&adlbyst hebBogh 82agread shewdngl enearnfigpsaftienservo
pattern wite unit 21 supplies a servo si%nal for witing the pew servo
pattern dhto thefdrsRiss driNet RECRES4NE2 TonaPt émﬁegamspgneﬁtf € J 1 The
head positioning control unit 22 controls the actuator 13 (actually the VCM
14) on the basi B*6FfePhelBYEPEL88fvo patterns read by the head 12 (read head

el enent) to control Eﬁr?’ltt %gqlﬁg% g{l tc 2ﬂga%%a%%;ssl}&%di%gmah%ron%%;:ﬁs’oft he head

posi tioning control _ oning operatiton’in a
radi al d'reCt'OQ B%aﬁh%ogﬁ%go£9ng control system in a servo writer

according to the present embodiment;

20 FIG. 3 is a diagram to explain a basic servo
pattern and a new servo pattern according to the
present embodiment;

FIGS. 4A and 4B are diagrams to explain an
operation of writing the new servo pattern according

25 to the present embodiment;

FIGS. 5 and 6 are diagrams to explain the

operation of writing the new servo patterns into two



In addition, the present enbodi nent does not require a positioner which is

" an external positioning 10 nechanism and a clock head. Mreover, the disk

drive operates in a sealed state in which the servo witer 2 is
i ncorporated, thus requiring no clean room Furthernore, the servo witer 2
can delete a programstored in the nenory nmounted on the PCB after 15
witing the new servo pattern to renove the programfromthe disk drive
whi ch has beconme a commercial product. (Head positioning control systen
The head positioning control unit 22 included in 20 the servo witer 2
conceptually c o ; Shawhd tdFltge 2. This
systemis roug%ﬁ%k§§2%}?%é%ﬁggﬁgggggg%ﬁﬁ%é&ﬁé%ﬁﬁ%?ghsfer #tﬁétion C(z)), a
broad control et Smrd ra@osi tion sensor 32 (transfer 25 function E
(s)). The control target 31 includes a narrow plant 300 (transfer function
V (s)), a plant 310 figsnsfErand 7B tare fditdtans Rd S93plaind @ yptiam 320
(transfer function H (s)). The plants plant 300, 310 and 320 respectively
correspond to tder AdMikh fhetaciniatbrihes,seand tveltsdn dercomlimaedai th t he
head 12 of the disk drive. 5 The position sensor 32 detects and feeds back
a positidan of tthee hesebeit (addadiligntt’/he slider) included in the control
target 31 whose drive is controlled in accordance with a controll ed
mani pul at ed vari abl eF¥¢ on8 the onteok | dFagoam 1ShaWENE ont $ORFRPt 30f
cal cul ates the controlled manipul ated variable so as to resolve a
posi tional errdihdeterdPesIakind Rt (TSI tRCHEYP I 2 S
relative position (actually including noise) observed by the positio
sensor 32. 15 TARCHRER ARRRFITHRFWY Wit %C%%‘¥Jéﬁqv6¥?t% € PheWservo
pattern 200 onto th&.disk.lo. Here, the position of the head 12 is detected
on the basis ofERIPIRHY servo patterns recorded on the disk 10, but is
affected, py shape di sfogtign.gf; #NecDag) £o2ehyOr0cRplLEANENe (WeLbEd Of

FF , f e g

servo witing) As shown in asic servo pattern 100.is roughly

divided into a @5%}&8{{‘&{)@@:&@9?01?65? ORe 19945 UGPi Bt A8co sy hides

address, and a subsequent stage section 100B such as a burst servo

pattern. The cy{jQdsr-adgf esgnbsihehefmation to identify a track position
on a disk surface. Further, the servo burst 1 g _patternis

information to find ardet asl ipoai 8iiagran eacbhxpiladk. al praddipilenpfFI G 3
shows a positional relationship anong the basic servo pattern 100, the 5
new servo pattetcal@@Datndgt Aedhstdri2onHemeunthefhthd basheadervhe sli der,
and is equipped with a read/wite head el enent (actually separated) 120. As
shown i n1¥l G 3patherseraoceriirg RoothehprpsesenembaBdBEREAt executes the

positioning operation 10 of the head 12 on the basis of the basic servo
pattern 100 read by EFAEShedd 2, ldnarer FLegreRs WX Fd ™ paft ern 200. The

200A Such 6 t hEPEFAFAABALABAIBLSD and ta LOaLEEq RnPoLEagE Shapd 0% section
estimation unit according to the present embodiment;
and
20 FIG. 18 is a flowchart to explain a procedure of
an inspection process according to another present
embodiment.
DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will
25 hereinafter be described in reference to the drawings.
FIG. 1 is a block diagram showing a configuration

of a disk drive to explain a method of servo writing



15 section 200B such as the burst servo pattern, basically simlarly to the
basi c servo pattern 100. Before a wite operation of the servo witer 2,
the basic servo patterns 100 are radially recorded on the data surface of
the disk 10, as shown in FIG 4A. 20 By the wite operation of the servo
witer 2, the new servo patterns 200 are recorded in the vicinity of
(adjacent to) the basic servo patterns -10@ on the data surface of the disk
10, as shown in FIG 4B. Here, for convenience, two disks including 25 a
first disk and a second disk are provided as a plurality of disks 10 on the
SPM 11 of the di | o [ t enbodi nent. a- 10

As shown in Fﬂ(%ééog%%ﬂﬁlg§ %ﬁ?l%?%%%€$yé@§%§£§§§ghceptuaI di agrans), the
first disk has as@igkmsdbhacguifion) Which the basic servo patterns 100 are
recorded, and a disk surface 10B which is a rear 5 surface thereof.

Further, the second giskh6wawidi Fkf5.i b, wahehdtbe Hasiwve sértbepptesens 100
are not recorded has disk surfaces 10C and 10D. In the disk drive nmechani sm
1, the first toefbodiinehealasl2 dbskedpdwmei mgchanibe Ui sknduafpréBtt0A 10
to 10D are nounted on the same actuator 13, and are configured to

si nul t anedusl y abveuih hoeadi 4PCHi r ecnpontefbrétbpacrirealfygrasPskdwn in
FIG 5, by reading the basic servo pattern 100 with the first head, 12, 15
the servo witeengbdensl san¥ouskytpssi t LBnethRE WPFLE/ t bheodifk AEAYE 12 at
the target positions (positions where the new servo %atte%na are to be
recorded). The S&r (BewPresrnS SUBRALBENFhESsEr T8RS §haleSto T 8% HPst to

fourth heads 12 Eoﬁﬁfib? t he nem/s%rvo.zo. at&ernstégo into all the disk
surfaces 10A toWPePR 5L5€sSE6MTCi WEEFEE 65 BRFeIPPAESSrvo writer 2 can use

the recorded neM/serﬁ%ep%Ekﬁg j%gpnkggggg%%pl5%g% ROS;LORIpNgHAf-rt R heads

12. Because the basic servo patterns not necessary after the new

Servo pagperns éggcggrgnge%%t@&EBF%ﬂ En%gibﬁﬁe?h§%fﬁuﬁg@ﬂ§sllQAah@ 10D, the

servo witer 2 ete the basic servo patterns 100.

However, the bagi gc36f 12 RRLNWeEES och0Bnmakthetoef tiat.o onit a step of
deleting the basic servo patterns 100. In this case, the basic servo 5

patterns 100 will be &l efctdnshaing soeemygdHdrensmhen daisers datiarers by
recorded, after the disk drive is shipped as a product. In a read/wite
operation of a voice coil motor (VCM) 14 to move the head 12 in

a radial direction on the disk 10.

15 In one surface of the disk 10, basic servo
patterns (sometimes noted as BSP) 100 are recorded
with predetermined spaces in a circumferential
direction by an ordinary dedicated servo writer (STIW).
The basic servo pattern 100 has the same contents as

20 an ordinary servo pattérn, and has a cylinder address
(track address codes) and a servo burst signal.

Furthermore, the disk 10 comprises one or two or
more disk plates, and has two or more data recording
surfaces. The basic servo pattern 100 is recorded

25 only in one data surface regardless of the number of
disk plates.

The head 12 is equipped with a read head element



the user data, the positioning of the head 12 is controlled, naturally on
the'basis of the new servo 10 patterns 200. (Wite correction function of
the servo witer) The servo witer 2 of the present enbodi nent basically
uses the basic servo patterns 100 previously recorded on the disk 10 as
descri bed above to control 15 the positioning of the head 12, and wites
the new servo patterns 200. Here, as showmgin FIG 7A, the basic servo
patterns 100 often cause the pattern shape distortion due to effects of

di st urbance when witten by 20 the dedicated servo witer (STW. Therefore,

when the servo gl 1L, 2 s, (e bag! o PLYOoRARKET 5100 [Re8 I L (e new

servo patterns e ts of the pattern shape distortion reduce
writing accuracaleJ@ﬁtS%yO?Mféﬁﬁig of WheteresepiteshoghTeRE Hsme 25 the
following wite correction Tunction ?o conpensate for the effects of the
shape distortioglpliethe bAStkeSkEN@ D2t Eh8Srdfq, heher ebymentt ragdshe new
servo 1 - 12 patterns 200 having an al nost circular shape as shown in
FIG 7B. FIG 8the khablockediragrattshowifg &rbmatheodiskohPng control
systemincluding a servo pattern 5 shape estinmation unit 33 to enable the
wite corbecti oRufthetj obhenwthtehkeddpetenenhi ngiteat ronewWnFeryQ incl uded
in the servo witer 2 of the present enbodinment. As shown in FIG 8, the
systemis subj epattern despribaf kihes ontdi sharBaRkelLonponents during the
head positioning operation. Mire specifically, the caontroller 30 is
subjected to an obsefRatPEnPREFSBLT ERLRIABSITY ol EFPoRRE W€h ref erence
to the target position. The control Ear et 31 inchding 15tthe actuator 13
i s subj ected toCdFstaFbdheBPeFentRel Fy%iﬁ?@&obvré E&1 &PREFSA"dPSEur bance

and di sturbance el enents such_as i hang d frigtign anges. Here,
the servo wwiteFOEESEHlXS?ydﬁﬁggﬁggegbégr9eg§ﬁggpg% g%% ghggg of the basic
servo pagperns 480,20,6A6Q" denanSLhG Ol cl0. 2ThE 8 Wl 8 2 can
detect obsServaton rnformation that is a conmponent in which noise is added
to the relative,pasithgRocBasbl! Qapeh,t Qem'éﬁ%'rgz $€6¥angakt pirolramt ftd he
head position ogserved by the position sensor 32. 25 The servo pattern
shape estinmatiogndBilt 3Bel BRYWS WheteRseEuvatiion,i af ¥CMAWraveld to., the
positional error value a to which the noise is added) to 1L - 13

cal cul ate (estiaetier thycshage di seadd/wendtef chhenkisito peocesgatterns, and
adds it as a correction value to an input of the controller 30. If a result
of the servo patt eecadghapdecestiiomatli of Shenhtead3 12or eeshdhds ltiket.he pattern
shape of the basic servo patterns 100, they deny each other_on the transfer
functionl5so that th&hsomeoid &iridersn elas nahions o Foudel head
position. (Configuration and operatiqnag¥frinci e of the 10 ,pattern shape

I
estimation unitp FeSK PIRESHSIHE dorite (ﬁ?qlééﬁﬂ§i¥HﬂgtWﬂ¥¥¥$%o witer 2
i ncluding the patitern shape estimtion unit .33 will. be ra y scri bed
referring to FI %\lr’é{st & I%OC%?.’ 5 S/LE° é"’jitsteémdiwngtaeml‘{snnlol{\?\/i}ynlg t%ed:basi c
servo patterns BSP recqrded.in. i d . st. ith reference to an idea
é&ﬁsth.lonl?eg CsOtnOCrLIge_L Lﬁllaé %QM

posi tion of t he & &5 % erns L, 1.e., acenterline of the cylinder).

|1 the servo writer Zuaccuialielydeads e headdZnnibe 20 haskengl the

basi c servo patterns novenent track 90 wll be as shown™in FIG

9. If thegservo sl (M idesi dedheau semih@atdenie NS ontidiemdasi s of
the basic servo pattern BSP, the new servo pattern NSP wll be witten at

25 a position desmateddidnt he Maeal spasitionl QYL tles shewin in FIG 10. To

be brief, when the basic servo patterns BSP have the shape distortion, the

new servo - léqgrqmideims NSR h dextides vithe tenite tielngett podiskon

even if the head 12 accurately follows the basic servo patterns BSP.
rotation direction on the basis of the basic servo

patterns read by the head 12 (read head element).
25 The servo pattern write unit 21 supplies a servo
signal for writing the new servo pattern onto the

disk 10 with the head 12 (write head element).



Even if the basic servo patterns 100 (BSP) have 5 the shape distortion, the
servo witer 2 of the present enbodi nent can correct the novenent track of
the head to the ideal position CYL to wite the new servo patterns NSP in
the ideal position as shown in FIG 11. 10 In other words, the servo witer
2 has the head positioning control unit 22 (systemof FIG 6) including the
servo pattern shape estimation unit 33-as7a correcting function to correct
t he novenent track of the head 12 to the ideal position CYL. 15 More
specifically, the systemcal cul ates (estimtes) a distortion amount (i.e.,

posi tion correcting gBDuKEAq BodNe hasis SHMBPaldes T BIRAt0orrect the
novenment track of the head 1Z to the ideal position CYL in accordance with

the distortion @a@WHtuAd@as. $hewtddl IR} Ghel 2rcM hien )Sey an idaayis?2 omn use
the distortion amount (position correcting anount) of the basic servo
patterns BSP saHdaiadie d&ieal mosiddon ®4d Wy |tHre eddriget (yeesd tion for

| eading the head 12, thereby 25 witing the new servo patterns NSP in the
i deal positionhesd sHomentn) RdG cdit rdlenms tthieorpioss ta Drttenrivesst i 1. anount
inthe - 15 positioning control of the head 12 equals to the distortion
amount of5 t he basiathwsr wippdat e Head tre i Shrapandi cartq briiiowd ), as
shown in FIG 12. Therefore, the servo pattern shape estimation unit 33 5
conprises a furRR¥EIND & head RS tHEMRI AR AL HRuit dffade?basi ¢ servo
patterns BSP. A nethod of directly obtaining the distortion anount of the
basi ¢ servo patdErestior|Uded eRe %ﬁe actuator 13 equi pped with the head

12 to a desired 10 ppsition b d_position feedi hanj sm 130
provided i n an exterHal ST ELGF- t B PERSTRF TP SSHAETE TPR PRE head 12 at
that position, hown_ i n_Fl ' hod also,jncl ti
he. of stort | on SRBUNe of Kriet biarer olTde oht (8F (S ERrF BESR ERE 7, 00

basi c sefyo paHﬁ@%@%@{§ﬁd Ixemtheobeaded2. HoNBYSTer] Nchdi §i SRt APdyet he

head position fee mechani sm 130 1s provi ded outside the disk drive, and

this can not ensyeLatde s€ahesestdlesOitd hen 20n diskedé i ¥y&xrvd husiteguRri ng a
cl ean environnent such as a clean room Further, the head position feeding

mechani sm 130 i ss ngheb abdyabeedethns Begilt digtot bteah Skodni ve nechani sm
1, posing a nunber of problens in cost and operating efficiency. 25
Referring to FIG 14rteptRé6Gnotd, the spevat wohakrpRi nghptelefet be servo
pattern shape estimation unit 33 of the present enbodinment wll be
described - 1propeémwstéredtinFtize mamghpwsothtedeenbblok BoRt abtesystem
al so enployed in the head positioning control unit (22) of the present
enbodi neh®. HerwribimgrbhatnevafeeXpreatiernbbpowEenoset AR§ePTPBERRI on r of
t he head obtained fromthe basic¢c servo ﬁa%terg BSP and a controll ed head
position y is obf&nEBepFlakt FEAEFeYEERC ?Bn,eFﬂ@?eBycPﬁgﬁFF?ﬁg in the
foll ow ng Equation gl%. 10 15 Fb ~Ps ... 1 + Fb ~ Ps r FIG 15 shows the
system to whi chP°88FFection amount v is added, which results in the

foll owi ng Equati 2 D~ ~ ~4= +\Fb ~ Ps Here, the system
can observe onléﬁgﬁé %8%??%8%5 ge%PgF¥8} ggsgggéribed above. FIG 16 shows

the systemto which aptraek sBare tRbedngt kearsnit uh@ Hor 120 1Rued Ghi ng a
track shape (i.e., basic servo pattern shape) fromthe positional error a
i s addedggl n thigecasewvoRakatieenal cexpepsandny( Shbmpiriksebe aagekabhews:

control system as shown in FIG. 2.

This system is roughly comprised of a controller
30 (transfer function C (z)), a broad control
target 31, and a position sensor 32 (transfer
25 function E (s)).

The control target 31 includes a narrow plant 300

(transfer function V (s)), a plant 310 (transfer



Fb ~ Ps 1 + Fb ~ Ps 25 The track shape prediction unit 160 cal cul ates
Rel ati onal expressions (4) and (5) between the target position r and the
positional error e. 11+ Fb ~ Ps - 17 r =(1 + Fb ~ Ps)e ... (5
Here, Rel ational expression (4) is referred to as a sensitivity closed-|oop
function, and Relational 5 expression (5) shows a counter-nodel of the
sensitivity closed-1oop function. The tragk shape prediction unit 160 can
thus estimate the track shape from Rel ati onal expression (5). Here, as
shown in FIG 16, z indicates an estimte of a track shape r, 10 and is

used as the corgeeti ol aTOND) V. akd £1G add 33 be sysheraas,a. Oy (i screte

Fourier transform ca culatlon uni t an |nverse Fouri er transform

cal cul ation unitsyy FT)THS0: W €h L@Mﬁ@wi@o@ PRI | £y 82 b r eQISECY OIPONnent

fromthe 15 p05|t|onal error e, and an elenent to input calculation results

of the inverse dortégpond ansferen vakcu attne adttadsP 19, twedtelasck shape
prediction unit 160 is added to the system In this case, the DFT

cal cul ati on uni$lidér pesfoted watlcutiad i loasd 202 i ofli thaé edi by dhivéd ol | owi ng
Rel ati onal expressions (6), (7) and (8) . e(t) =al sin ?Tt + a2 sin 2 2T
t + a3 sim 3 2T t + The poblitios ZInsor B2 detelt8Tahd+fbB8dsobaBk2y t + + 2
co ... (9 - 18 510 15 20 an =T e(t) sinn Tf 2 2T tdtT2 bn -T e(t)
cos n Tj 2 2T peisiipien off thg kqad(i3dfgetwalhwirthe slidery) simchuded)nT
1=1... (g)_nT bf% gﬁe control target 31 whose drive is controlled in
accordance with a controlled manipulated variable from
the controller 30.
10 The controller 30 calculates the controlled
manipulated variable so as to resolve a positional
error between a target position (r) of the head 12 and
a relative position (actually including noise)
observed by the position sensor 32.
15 The head 12 positioned by such a system writes
a new servo pattern 200 onto the disk 10. Here, the
position of the head 12 is detected on the basis of
the basic servo patterns recorded on the disk 10, but
1s affected by shape distortion of the basic servo
20 patterns.
(Method of servo writing)
As shown in FIG. 3, the basic servo pattern 100
is roughly divided into a preliminary stage section
100A such as the.cylinder address, and a subsequent
25 stage section 100B such as a burst servo pattern. The

cylinder address is information to identify a track

position on a disk surface. Further, the servo burst



riT~ e(i) cos 2~t(i)i=1Here, Ts indicatessanpling tinme.T indicatestinme for
one'rotation ofthe SPM 11. aindicates the positional error. n indicates a

| earning rotation nunber. mindicates an eccentric order. Furthernore, the
i nverse Fourier transformcalculation unit 180 shown in FIG 17 executes an
i nverse Fourier transformcal cul ation based on a DFT cal cul ati on result of
the particul ar frequency obtai ned by Equati on (8) above, thereby making it
possible to extract a particular frequency conponent el contained in the
positional error. If this calculation result is substituted for the
fol |l owi ng Equatj Sd M ; td:90y (P)gahove, Y articul ar
frequency conp r?gdrﬁe(r?)anlsibemdcﬁrlr%ac%%fw f-lqg% 615zd = (\{l fﬁh%&ﬁ{s‘%er? ... (9
As descri bed akoys, dhgiservo witer 2 of the present enbodi ment executes
such a correction that the 5 head positioning control unit 22 including the
servo pattern shape gstideit oh Uniic 3B wdwd £apssleiesal estimates) the
distortion anount (position correcting anount) of the basic servo patterns
100, |eads the hdac ilchdoig hendrtpathgdsd 4ionsdfto qratt therdi 5%0,10thd 0 Thus,

t he new servo patterns NSP can be witten into the ideal position CYL, as
shown in FI G ZIilew |lsemtdharativemds, 2663 atbvwhe rhdddsSl2 7A Bewe 7B8:he leeahape
distortion of the basic servo patterns 100 is calculated, and by
conpensati ng it afdates sthe hel e 1 Rdrid GEiirped whh c%nrfb%dzwlfﬁ%n in
an alnost circular shape as a result. (Another enbodinment) FIG 18 is a
flowchart accorkRafy krment heacttablnatsRar rddi heht . 20 This shows how

the nmethod of servo witing of the present enbodinent is gp ki g in an

i nspection process i%%lﬁﬁ%gnihnarﬁ%nu acg%?iﬁﬁrﬁ?dEE%Eer tﬁ g §k drive.
Referring to the flowhart of FIG 18, thi i1l _be cifi cri bed
bel ow. | 28 Fi r soET3RE heehePtndt Gretrntes ¥ P odtr EOEERG o SBaEF 7 00

recorded; on th%?€i§§$1%%§§ Pfegntgh%hgggiyhgfh@ﬁeoﬁaggé EEFYﬂLﬁ%tgékﬂe

oper at es proper 'S nonent, he writl ng accuracy o asl| C servo

- 20 pattern 10§0iSc.aRasyrede ROSai {22 ABASIHF £los eBlLtndpeseppb reach a
stipul ated value, the inspection process will be interrupted (NO of step

S1). At this popattetNe26€! VOTHE &K SePlotpetpeenendosSienbodynent is
started, and wites the new servo patterns 200 onto the disk 10 as

descri bed abovesé¢piept&2) inflben, ptbeinbnaypywstage Redeliehe800hesbaki c
(servo patterns 100 whose witing accuracy does not reach the stipul ated
val ue (step S3)as lthéscdesndebedddbese, aheé di skbdeqguest whagh have
conventionally been inspected and treated as defective products because of
t he decrkased mﬁécthgna&@QBa&befashbh@abﬂtsteﬁeﬁvpapﬂégﬁgprcan be shi pped

as non-defective products by rewiting with the new 15 servo patterns.

Addi tional advahtayedlandsHBélprLdt FBnEhai PRSicalrFYCoRRGFFB tR8se skill ed
in the art. Thereforg, t he inven%ion in_its br%a%ﬁ% aspects g&ﬁQOE limted
to the specific detaPFEChfid3r BpreEeRPSERTEBNBEditRENES IO LRWS arid
described her ei p Agcordi naly, ¥ariolssmpdb!Lea! ans ey hecmadeanihout
departing from thé Spirrt~or Scope o Phe genéral "Irnventi on concept as

defined by the pppegded gl.2kqB.aB¢ the &18RULY¥2! 88! Snown 181FIG. 4A.

20 By the write operation of the servo writer 2, the new
servo patterns 200 are recorded in the vicinity of
(adjacent to) the basic servo patterns 100 on the data
surface of the disk 10, as shown in FIG. 4B.

Here, for convenience, two disks including

25 a first disk and a second disk are provided as

a plurality of disks 10 on the SPM 11 of the disk

drive mechanism 1 of the present embodiment.



VWHAT IS CLAIMED 1S: 1. A method of servo witing using an incorporated
servo witer in a disk drive which includes a disk nmedium a head
corresponding to a disk 5 surface of the disk nmedium and an actuator
mechani sm nounted with the head, the nmethod conprising: controlling the
actuat or mechanismon the basis of a basic servo pattern recorded on one

di sk surface of the disk nmedium and perfpgnmng a positioning 10 control to
position the head at a target position on the correspondi ng di sk surface
cal cul ating a shape distortion of the basic servo patterns with reference
to an ideal shape cofgeciing 2nPPPELiONRE FIE. head ke AELD)dRNERedS With a

cal cul at ed shape distortion anount of the basic servo patterns and witing

a new servo patleideliuiheayhelady, ofnd heibasi ai serigs patasen on the di sk
surface of the disk nediumw th the head whose position is corrected. 20 2.

A et hod accor dipgri @ 1l gh M, whiéh Nefie COAPL E SkEBVo OPSEEYIMY BOPastd i onal
error value (e) between the target position and a current position of the

head during therpostdé@ni &9dcandiok; santa@d tel cwhath nis aa shegpe of the
basic servo patterns by use of the positional error value (e); wherein -
22 the shape dsstdateonhefetfie bBsithser vohpaseeond dish (ederdhsk) to the
i deal shape is calculated in accordance with the cal cul ated shape of the
basi c servo patierwkich Bhesbasifodercecpdrhgred PR are nehr¥peprded
conprising: overwiting user data with the head whose positioning is
control | ed on thesphdssk snrfasepehlSerdd pAPtern to delete the basic servo
pattern. 10 4. A nethod accond%ng to clai

h

1, f h mprising: deleti
t he bgsic servo patt éPnthpt 8t SEnBTAER ?@Fgénbﬁpgéﬁn%F§C%E?%%:h895. 2 ﬁéiﬂgd
i t | ai in, 15 the_disk i has.a,fi f
o Which the batPRrEh, BBSHS: 2 AOFESFREBTRE RdhSeBidrShBratehr e o
whi ch t he,basi t i , i i
eaut ppedtti ch atp 1EB BB ERAnESarSh EREPRERE, 2k REaROr TS ABCERR ST Lhd

second head COfESﬁE@QG%ea £8 ghﬁuigseeeug@yamévef§ﬁea apdishmul t aneously
positions the first and second heads, the actuator nechanismis controlled

on the basis 2549fctheshasi c servo patterns read by the first head
corresponding to the first data surface, and the new servo patterns are
sinul taneously wittemre ispecd¥icanty,t e thosth dat &Isur baceyameadiagsecond
data the basic servo pattern 100 with the first head 12,
15 the servo writer 2 simultaneously positions the first
to fourth heads 12 at the target positions (positions
where the new servo patterns are to be recorded).
The servo writer 2 supplies the servo signals to the
first to fourth heads 12 to write the new servo
20 patterns 200 into all the disk surfaces 10A to 10D, as
shown in FIG. 6.

Here, the servo writer 2 can use the recorded new
servo patterns 200 to control the positioning of the
heads 12. Because the basic servo patterns 100 are

25 not necessary after the new servo patterns 200 have

been written into the disk surfaces 10A to 10D,

the servo writer 2 may delete the basic servo



surface. 6. A nethod according to claim1, further conprising: 5 measuring
witing accuracy of the basic servo pattern; and witing the new servo
pattern on the basis of the nmeasurenment when the witing accuracy is out of
an allowable range. 10 7. A disk drive conprising: a disk nedium having a
data surface in which a servo pattern is recorded; a head for witing and
readi ng data including the servo pattecn hR and fromthe data surface; 15

- an actuator nechani sm nounted with the head whi ch noves the head in a

radial direction of the disk surface; and a servo witer for witing the
servo pattern ig%?tgpg di gk medium 20 wherein the servo witer includes:
means for contr I'Ng Phe actuat or mechani smon the basis of a basic servo
pattern recorded on epg diesk 4l 868 iQf seheodipsk tardisumocarngyped orming a
positioning control to position the head at a target 25 position on the
correspondi ng dhgktsubl 8ge tMBarRs cbob realkglabign@na ®agpe diestvorti on of the
basic servo patterns with reference to an ideal shape - 24 in
accordance W t hpatgsbape abot.he Ihashd ssewve, pahkebas;icnearyof or correcting a
position of the head in accordance with a shape distortion anount of the
basic 5 servo pahteetss and means bleokdelritteidnty yabedngs eraeawrdttttern in t he
vicinity of the basic servo pattern on the disk surface with the head whose
position is cor whehedses. dit@ disskedordedaceditgirndheo ddlisé |IAvVenier ei n: 10
the servo witer includes: a unit for positioning the head at, the target
position on the stiigpesedisum GFodethasild & nRe/Fadite SH/FF PR & read by
the head; a unit for deciding timng i,n.a rotation. 15 diQf ty an of the disk
surface; and a (& US&Y WG/ nFhen &Ik OGPt B:é’r%.he@ 'Qflf#e i sk drive
according to claim7, erein:_the .servo i ter .has 1 Cr Opt o or and a
memory storing & rafd G fiodhrt\g’(rje ?’@siog ST sneerq”\;/osce%ﬁl?cfi ng by
causi ng 3%e nicr%ﬁ{ocessgﬂufo execute the program 10. The disk drive
accordingto cl & tf erei’n: the servo witer includes: neans for

obser ving a posi t,anal LAl WAl 2. DRkiRAN e danastyposiij on and a

current position of ng the positioning control; and neans for

cal cul ating the shapepf ddweydasifrer -2iof 2 SREympadtesdsndytuse of the
positional error value. 11. The disk drive according to claim7, wherein:

in the di sk medigggiddiel pasdds s@ie build esdranhd e e Se0 vor gat des y 5
coexi st on the data surface in which the basic servo pattern has been
recorded, after pdrind st wWheadish nll sas etesaeibdy dbevectvocontrel. 12.
The disk drive according to claim7, wherein: _
15 the positioning of the head 12, and writes the new
servo patterns 200.

Here, as shown in FIG. 7A, the basic servo
patterns 100 often cause the pattern shape distortion
due to effects of disturbance when written by

20 the dedicated servo writer (STW). Therefore, when
the servo writer 2 uses the basic servo patterns 100
to write the new servo patterns 200, the effects of
the pattern shape distortion reduce writing accuracy.

The servo writer 2 of the present embodiment uses

25 the following write correction function to compensate

for the effects of the shape distortion of the basic

servo patterns 100, thereby writing the new servo



~in the disk nmedium 10 the basic servo pattern is deleted after the new

' serVo pattern is recorded by the servo witer. 13. The disk drive according
to claim7, wherein: in the disk medium user data is overwitten by the
head to delete 15 the basic servo pattern totally or in part, after the new
servo pattern is recorded by the servo witer. 14. The di sk drive according
to claim7, wherein: the disk mediumhas & first data surface in which the
basic servo pattern is recorded and a second data 20 surface in which the
basic servo pattern is not recorded, the actuator mschanl smis equi pped
with a first h SN f afsPend head
correspondi ng ??adcttﬁee I{ssgcondcﬂ at rbguatr gacléwssctS %ﬁ} SI rrul eo% y noves the
first and second, heagls,7@nd the servo witer - cont rols the actuator
mechani smon the basis of the basic servo patter ns read by the first head
corresponding to thepfdrsd data LEERACE: aqsh Séhalimdepusdydwites the new
servo patterns into 5 the first data surface and the second data surface.
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@O0%& ()-#Vbi K-K3 If a result of the servo pattern shape estimation

5 unit 33 corresponds to the pattern shape of the basic
servo patterns 100, they deny each other on the
transfer function, so that the controller 30 can
correct a deviation of the head position.
(Configuration and operational principle of the

10 pattern shape estimation unit)

First, the write correction function by the servo
writer 2 including the pattern shape estimation
unit 33 will be roughly described referring to FIG. 9
to FIG. 12.

15 FIG. 9 is a diagram showing the basic servb
patterns BSP recorded in a distorted state with
reference to an ideal position of the servo patterns
(CYL, i.e., a centerline of the cylinder). If the
servo writer 2 accurately leads the head 12 on the

20 basis of the basic servo patterns BSP, a head movement
track 90 will be as shown in FIG. 9.

If the servo writer 2 writes the new servo
pattern NSP on the basis of the basic servo pattern
BSP, the new servo pattern NSP will be written at
25 a position deviated from the ideal position CYL, as

shown in FIG. 10. To be brief, when the basic servo

patterns BSP have the shape distortion, the new servo
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the shape distortion, the servo writer 2 of the
present embodiment can correct the movement track of
the head to the ideal position CYL to write the new
servo patterns NSP in the ideal position as shown in
FIG. 11.

In other words, the servo writer 2 has the head
positioning control unit 22 (system of FIG. 8)
including the servo pattern shape estimation unit 33
as a correcting function to correct the movement track
of the head 12 to the ideal position CYL.

More specifically, the system calculates
(estimates) a distortion amount (i.e., position
correcting amount) of the basic servo patterns BSP to
correct the movement track of the head 12 to the ideal
position CYL in accordance with the distortion amount,
as shown in FIG. 12.

The servo writer 2 can use the distortion amount
(position correcting amount) of the basic servo
patterns BSP so that the ideal position CYL will be
a target position for leading the head 12, thereby
writing the new servo patterns NSP in the ideal
position, as shown in FIG. 11.

Here, the position correcting amount in the
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5 comprises a function to calculate the distortion
amount of the basic servo patterns BSP.

A method of directly obtaining the distortion
amount of the basic servo patterns includes moving the
actuator 13 equipped with the head 12 to a desired

10 position by a head position feeding mechanism 130
provided in an external unit of the disk drive, so as
to fix the head 12 at that position, as shown in
FIG. 13. This method also includes calculating
the distortion amount of the basic servo patterns on

15 the basis of the basic servo patterns read from
the head 12.

However, in this method, the head position
feeding mechanism 130 is provided outside the disk
drive, and this can not ensure the sealed state of the

20 disk drive, thus requiring a clean environment such as
a clean room. Further, the head position feeding
mechanism 130 is naturally needed in addition to the
disk drive mechanism 1, posing a number of problems in
cost and operating efficiency.

25 Referring to FIG. 14 to FIG. 17, the operational

principle of the servo pattern shape estimation

unit 33 of the present embodiment will be described
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unit (22) of the present embodiment. Here,
5 é relational expression between a target position r of
the head obtained from the basic servo pattern BSP
and a controlled head position y is obtained by
a transfer function, thereby resulting in

the following Equation (1).

10
FIG. 15 shows the system to which a correction
amount v is added, which results in the following
Equation (2).
15
y= B (r-v) =0 - (2)
Here, the system can observe only the positional
error e, as described above. FIG. 16 shows the system
to which a track shape prediction unit 160 for
20 predicting a track shape (i.e., basic servo pattern
shape) from the positional error e is added. 1In this
case, Relational expression (3) will be as follows:
Y=%(r—2)=0 cer (3)
25 The track shape prediction unit 160 calculates

Relational expressions (4) and (5) between the target

position r and the positional error e.

=1 -
© 1+Fb-Psr “
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5 expression shows a counter-model of the
sensitivity closed-loop function. The track shape
prediction unit 160 can thus estimate the track shape
from Relational expression (5). Here, as shown in
FIG. 16, z indicates an estimate of a track shape r,

10 and is used as the correction amount v.

In FIG. 17, the system has a DFT (discrete

Fourier transform) calculation unit 170 and an inverse
Fourier transform calculation unit (IFT) 180 which
extract a particular frequency component from the

15 positional error e, and an element to input
calculation results of the inverse Fourier transform
calculation unit 180 to the track shape prediction
unit 160 is added to the system. In this case, the
DFT calculation unit 170 performs calculations

20 indicated by the following Relational expressions (6),
(7) and (8).

e(t) = ag sin-zTnt+a2 sin22Tnt+a3 sin32Tnt + .-
2n

+ by cosTt+b2 coszzTnt+b3 cos32Tnt + e

+ % co ves (6)
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a, = % J‘_Zl e(t) sin n <& tdt
2

v

b, = —%— j' 2, e(t) cos n 2% 2" tdt (D)

2

5 (X
co = 2 [2, eftrat

2 )
nT ]
Ts
_ 2Ts ) i 2TOML s
am = S5 z_: eli) sin £EL()
i=1 L . (8)
nT

b, = %;—I-'Ti .TZ_S e(i) cos 27;“t(i)

Here, Ts indicates sampling time. T indicates
time for one rotation of the SPM 1l. e indicates the
positional error. n indicates a learning rotation
number. m indicates an eccentric order.

10 . Furthermore, the inverse Fourier transform
calculation unit 180 shown in FIG. 17 executes an
inverse Fourier transform calculation based on a DFT
calculation result of the particular frequency
obtained by Equation (8) above, thereby making it

15 possible to extract a particular frequency component
el contained in the positional error.

If this calculation result is substituted for the
following Equation (9) similarly to Equation (53)
above, only the particular frequency component can be

20 corrected.
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z = (1 + Fb - Ps)el e+ (9)

As described above, the servo writer 2 of the
present embodiment executes such a correction that the

5 head positioning control unit 22 including the servo
pattern shape estimation unit 33, which calculates
(estimates) the distortion amount (position correcting
amount) of the basic servo patterns 100, leads the
head 12 to the ideal position CYL on the disk 10.

10 Thus, the new servo patterns NSP can be written into
the ideal position CYL, as shown in FIG. 11.

In other words, as shown in FIGS. 7A and 7B, the
shape distortion of the basic servo patterns 100 is
calculated, and by compensating its effects, the new

15 servo patterns 200 can be written in an almost
circular shape as a result.

(Another embodiment)

FIG. 18 is a flowchart according to another
alternative embodiment.

20 This shows how the method of servo writing of the
present embodiment is applied in an inspection process
included in a manufacturing process of the disk drive.
Referring to the flowchart of FIG. 18, this will be
specifically described below.

25 First, in the inspection process, the basic servo
pattern 100 recorded on the disk 10 is used to check
whether or not the disk drive operates properly. At

this moment, the writing accuracy of the basic servo
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pattern 100 is measured, and i1f a measured result does
not reach a stipulated value, the inspection process
will be interrupted (NO of step S1).

At this point, the servo writer 2 of the present

5 embodiment is started, and writes the new servo

patterns 200 onto the disk 10 as described above
(step S2). Then, the servo writer 2 deletes the basic
’servo patterns 100 whose writing accuracy does not
reach the stipulated value (step S3).

10 As described above, the disk drives, which
have conventionally been inspected and treated as
defective products because of the decreased writing
accuracy of the basic servo patterns, can be shipped
as non-defective products by rewriting with the new

15 servo patterns.

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

20 shown and described herein. Accordingly, various
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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WHAT IS CLAIMED IS:

1. A method of servo writing using an
incorporated servo writer in a disk drive which
includes a disk medium, a head corresponding to a disk
surface of the disk medium, and an actuator mechanism
mounted with the head, the method comprising:

controlling the actuator mechanism on the basis
of a basic servo pattern recorded on one disk surface
of the disk medium, and performing a positioning
control to position the head at a target position on
the corresponding disk surface;

calculating a shape distortion of the basic servo
patterns with reference to an ideal shape;

correcting a position of the head in accordance
with a calculated shape distortion amount of the basic
servo patterns; and

writing a new servo pattern in the vicinity of
the basic servo pattern on the disk surface of the
disk medium with the head whose position is corrected.

2. A method according to claim 1, further
comprising:

observing a positional error value (e) between
the target position and a current position of the head
during the positioning control; and

calculating a shape of the basic servo patterns
by use of the positional error value (e);

wherein
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the shape distortion of the basic servo patterns
with reference to the ideal shape is calculated in
accordance with the calculated shape of the basic
servo patterns.

5 3. A method according to claim 1, further

comprising:

overwriting user data with the head whose
positioning is controlled on the basis of the new
servo pattern to delete the basic servo pattern.

10 4. A method according to claim 1, further
comprising:

deleting the basic servo pattern after the new
servo pattern is written.
5. A method according to claim 1, wherein:

15 the disk medium has a first data surface in which
the basic servo pattern is recorded and a second data
surface in which the basic servo pattern is not
recorded,

the actuator mechanism is equipped with a first

20 head corresponding to the first data surface and a
second head corresponding to the second data surface,
and simultaneously positions the first and second
heads,

the actuator mechanism is controlled on the basis

25 of the basic servo patterns read by the first head

corresponding to the first data surface, and

the new servo patterns are simultaneously written
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into the first data surface and the second data
surface.

6. A method according to claim 1, further
comprising:

5 measuring writing accuracy of the basic servo

pattern; and

writing the new servo pattern on the basis of the
measurement when the writing accuracy is out of an
allowable range.

10 7. A disk drive comprising:

a disk medium having a data surface in which a
servo pattern is recorded;

a head for writing and reading data including the
servo pattern in and from the data surface;

15 an actuator mechanism mounted with the head which
moves the head in a radial direction of the disk
surface; and

a servo writer for writing the servo pattern into
the disk medium,

20 wherein the servo writer includes:

means for controlling the actuator mechanism on
the basis of a basic servo pattern recorded on one
disk surface of the disk medium, and performing a
positioning control to position the head at a target

25 position on the corresponding disk surface;

means for calculating a shape distortion of the

basic servo patterns with reference to an ideal shape
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means for writing a new servo pattern in the
vicinity of the basic servo pattern on the disk
surface with the head whose position is corrected.
8. The disk drive according to claim 7, wherein:
10 the servo writer includes:

a unit for positioning the head at the target
position on the disk medium on the basis of the basic
servo pattern read by the head;

a unit for deciding timing in a rotation

15 direction of the disk surface; and

a unit for writing the new servo pattern.

9. The disk drive according to claim 7, wherein:

the servo writer has a microprocessor and
a memory storing a program, and is configured to

20 enable servo writing by causing the microprocessor to
execute the program.
10. The disk drive according to claim 7, wherein:
the servo writer includes:

means for observing a positional error value

25 between the target position and a current position of
the head during the positioning control; and

means for calculating the shape of the basic
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12. The disk drive according to claim 7, wherein:
in the disk medium,
10 the basic servo pattern is deleted after the new
servo pattern is recorded by the servo writer.
13. The disk drive according to claim 7, wherein:
in the disk medium,
user data is overwritten by the head to delete
15 the basic servo pattern totally or in part, after the
new servo pattern is recorded by the servo writer.
14. The disk drive according to claim 7, wherein:
the disk medium has a first data surface in which
the basic servo pattern is recorded and a second data
20 surface in which the basic servo pattern is not
recorded,
the actuator mechanism is equipped with a first
head corresponding to the first data surface and a
second head corresponding to the second data surface,
25 and simultaneously moves the first and second heads,
and

the servo writer
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