., e3ém 9j 445d6@7869T\ 9MW C METHOD AND APPARATUS FOR WRI TI NG SERVO DATA I N
A DI SK DRI VE BACKGROUND OF THE | NVENTION 5 The present inventi

a disk drive, and nore particularly to a disk drive including g@a\mmuw m\m“ ‘F
witer function. Generally, a disk drive as typified by a hard ggl,ve
is configured to record data on a disk 10 nedium (sinply referred {8 &s -

di sk hereinafter) by using a magnetic headi(sinply referred to
herei nafter) or reproduce data fromthe disk. In the disk dri vmﬂﬂmﬂmmﬂilmlm
information (a servo pattern) which is used to position a head a g@

czt) on

15 position (a target track or art@i@elr Cplp nﬁ@yEI@ﬁI@Nreadlwme Ob]
the disk is recorded on the disk. As a disk drive nmanufacturing step, there

is a servo witsETHOD @ND eCERRATYS( oR SRAMAiNG )SERVES D22 G pat trefgk on t he
disk. By this servo wite step, a servo track including a servo area in
whi ch a servo p@RI&EN is recorded is constituted on the disk. In the servo
track, wth a servo area being determned as a reference, a range

i mredi ately before a next serBBCRGRAUNA DR @HE|I INUEN@IONti al direction may
be referred to as a servo sector in sonme cases. On the other hand, with a
servo traek being The pg@sent rewens ion eferaime, t@ aatisk rdackve s
constituted as an area in which user data is recorded. The data track

i ncludes a pl ur &Pct JO8F BACA1S¥EEGHY (FPata Hisda daHiveh igerlyskiras aan access
unit) belonging to respec 5 tive servo sectors. Each data sector is

i dentified based®6f%a"settsr TREGSD - (sect or nunber). As a servo wite

nmet hod, there is a ufact r|n t by whic rvo track is_recorded
on a disk in advance el]fsai %dﬁ g% seera\ﬁ)hﬁpdc{l ik%ér (S 10 in

order to increa f n f ry wite ste and the, di.sk on which
this servo tracéﬁlsg Ejeclc‘)’%dgé :&gnas?& 9 GO O{ 3 & (dslés«s1< e.g.,
Jpn. Pat 3 0ApPl NneKOKA (ByhbiGatiedd Moy 43 /) ! Chyring
nmet hod, there oglgurs a 15 sbt g?ee i sk eékge%térS%mo:tly ]plhnm\ﬁn n%rg EJ k
center of servoubfiagks hawne@iz GRRCENlin® 16 Hefarahane Jored o a disk

i n advance does not necessarily match with the rotation center of the di sk

(rotational shaherefinafspirndbe mepabducen daradival tskidd ve, since data
20 tracks are constituted with servo sectors constituting servo tracks

bei ng determ ned as drnr éher elicd, dedomnt rdedivey iirsf genariatred baeiayeen t he
rotation center of the disk and the rotation center of the data tracks. 25
Thus, there hasPB&&rrpiopbdelt asdiusleddrtioveaisitiltincla aveanf fadeta qaanridt vy
correspondl ng to an eccentricity quantity between a track center of the
position (a target track or a target cylinder as a
read/write object) on the disk is recorded on the
disk.
As a disk drive manufacturing step, there is a
servo write step of recording (prerecording) a servo
20 pattern on the disk. By this servo write step, a
servo track including a servo area in which a servo
pattern is recorded is constituted on the disk. 1In
the servo track, with a servo area being determined as
a reference, a range immediately before a next servo
25 area in a circumferential direction may be referred to

as a servo sector in some cases.

OCn the other hand, with a servo track being



+- 3" servo tracks and a rotation center of the disk is neasured in advance
and an offset table for the eccentricity quantity is prepared on a nenory
(see, e.g., Jpn. Pat. Appln. KOKAI Publication No. 2002 5 93083). This disk
drive makes reference to an offset quantity fromthis offset table and
executes a positioning conpensation when controlling a head to be
positioned at a target data track on the dzsk- In this nethod by which the
of fset quantity is 10 prepared in the nenory, when the offset quantity is
erased fromthe nenory, the positioning conpensation using the offset
quantity is inpassebhéneBuather re@esbapedf astatkngrbbe okf sehs@yantily in
the nmenory of the disk drive is required. Furthernore, in the head 15
posi ti oni ng opeaat annapéat ha @hikhdukee, datacessiragotaedconghantiay amaki ng
reference to the offset quantity fromthe nenory is required. BRI EF SUMVARY
OF THE | NVENTI Ohréakatootddaseawpihrahétgnbdddaent sebtbhe pgrHasantr2@
invention, there is provided a disk drive including facilities for witing
servo data. Thewdick 8ervesceapehsescesheadinhi belpegdands tor reepeaduces
data including a, new servo pattern with respect to a di sk nedi um having a
di sk surface ont®BewhpERCasBEEPESser Bachateérnsestoaconsdédentifdednce; a
posi tioning c02$rol unit which gositions the head at a target position on
the di sk medi unP®888d°Bn2t REChASi addresg (ggrlerparmbe#) repr oduced by the
head or a new servo pattern; a caL%%Iati%n un%% whi ¢h cal cul ates an of f set
a

value of a track unit b3s&88 SR Fhé altERo8r vEhELet din 3 BFPYAGCER NG he
head positione 5_pgsitiopn, _apnd.a servo w,ite unit i.ch
wites the nemﬂ%gﬁgégggﬁﬁéggggnatggkgPsErﬂggiﬁﬁ]ﬁFFﬂrgﬁg R8ad gﬁsﬁgﬁﬁg
track positional i i oRsjpclu | e ic.seryo patter t he
of f set val ue. Eégtéﬁgég%%fggf%% %FgggtE%E%ERRE%%PEﬁ%a ¥%EEB§A&F%@910 The
acconpanys ng dr gy §g8er WMasCh LpC i Rea C It part of

t he specification, iIIustratgégﬁ%%giﬁgﬁ?g§%§g¥hgfiEggn§?§%? g%gt?ogether
with the generastgescanptine gi¥rnoabaMecAnenthesdetai kedcdeseription of

t he enbodi nents gi ven bel ow, 15 serve to explain the principles of the

i nvention. Fl Grédcésdedbiscksdemplas showi agdaskt auetur eset, aedigsk drive
including a servo witer function concerning an enbodi nent according to the
present inventidpn.2bar Grplns KO¥REwPshbiagianf Nonag-687a873¢rvo pattern
concerning the enbodinment; FIG 3 is a view showing a recording state of a
basi ¢ servo pattern €BnERifi BgnihacsnbotgnmathoBl Gthéries ogcuirewashowi ng a
recording state of a 25 new servo pattern concerning the enbodinment; FIG 5
is a bl di agF B@Y_hoW Pl acpenkatGipHl t 1of whidhskher tvsckonentrirngft he
enbodi nent ; ' iewillustrating an offset concerning the

-5 FIG 6
enbodi nent ; Fﬂ(feﬁv?st5?9¥%aP$V¥H§t?a??ﬁ@eatFéEOFaFﬁﬂlﬁ§sﬁbﬁ@ﬁ dpraehew
tt i h nbodi t: 5 FIG 8 i fl hart .
Tl st rating a GroecntiR b aflRRes TPreeneheParroRaEIAUCRARG HEh
enbodi ment; FI G 9 fi%étféﬁmbéﬁg%gtgftfﬂg 8188 Y2 WL L8 QRCLALIERN r 4

concer ni ng anot her enbodi nent;
spindle motor). 1In an actual disk drive, since data
20 tracks are constituted with servo sectors constituting

servo tracks being determined as a reference,
eccentricity is generated between the rotation center
of the disk and the rotation center of the data
trécks.

25 Thus, there has been proposed a disk drive in
which an offset quantity corresponding to an

eccentricity quantity between a track center of the



+FIG 10 is a flowhart illustrating a procedure 10 of the servo wite
operation concerni ng anot her enbodi nent. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Enbodi nents according to the present invention will now be
described with reference to the 15 acconpanyi ng drawi ngs. (Structures of

Di sk Drive and Servo Witer) FIG 1 is a block diagramshowi ng a structure
of a disk drive having a servo witer cencgrning this enbodinent. FIG 5 is
a bl ock diagram showing a 20 prinmary part of the disk drive. (Structure of
Di sk Drive) The disk drive according to this enbodi nent has, as shown in
FIG 1, a disk derve meakasi sfdlaandtatRbnntestei! o¥ thRoard( RGB) 2 having
a circuit group 25 which realize a function of a servo witer nounted

t hereon. As wi | nebgudescinbedvihater and GRUcEZsel: aabHBCtdE itkhenount ed on
the PCB 2 (see FIG 5). A servo - 6 witer according to this enbodi nent
is realized by eReegPbis2fyt HeaHDCtS8 isr prriepalrickle onThi mewblcly Heeeeferred to
as a servo witer 2 hereinafter for the sake of convenience. 5 In the disk
drive nechani snfi9ar eJPRecoFpsrafepla .dKOKAIO Pubildlraitd oat Nach@®0le a spi ndl e
motor (SPM 11 and rotated, and a head 12 which is nounted on an actuator
13. The actuat oP>983)s aThéshdap&ntrpvenmakesr rederience Yoi es odiflsetot or
(VCM 14 and noves &hg 1% head 12 in _a radial direction on the disk 10. In
the disk drive SBBBrdrHgtte™ hidserpdartesebie rrcorpscitesd ehe di sk 10

havi ng a di sk surf on_whi ch basic.serv atterns _(which will be referred
to as base servgo5§§?8Pﬁ390F0§§5§5F%l?BnﬁgégsEQPtﬁPé 189y 8cHRE@8d tPnbg

cirounf erential oglieckign at o' edetermhied LaLervals by a;iegul ar servo

track witer. Tﬁe contents of the bBasi ¢ Seérvo ¢ the sane as

of a regular servo pattepn 5( pandi 0 n (AY .ern . which is
newy recorded in this 20 gn@%&%ﬁgh?ydkggg%FF%F g&?%%gr%g%%%ﬁ%Pﬁéjhisk 100

conpri sesoone opraphecti sk Phal hBhdryANABAS hW0oREER! fudhtk cquitaces. The
basic servo patterns 100 are recorded on one di sk surface alon

irrespective oferheedufibem ehedinsko29, pkatkt gbsitTBaiRgadohgeRastacstructure
in which a read head el ement which perforns a read opération and a wite
using the offset quantity is impossible. Further, a
step of storing the offset quantity in the memory of
the disk drive is required. Furthermore, in the head
15 positioning operation of the disk drive, processing
for constantly making reference to the offset quantity
from the memory is required.
BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
20 invention, there is provided a disk drive including
facilities for writing servo data.

The disk drive comprises a head which records or
reproduces data including a new servo pattern with
respect to a disk medium having a disk surface on

25 which a basic servo pattern is recorded in advance; a

positioning control unit which positions the head at a

target position on the disk medium based on the basic



_ 7' _ head elenent which carries out a wite operation are nounted on a
slider. In the head 12, the basic servo patterns 10 area read fromthe disk
10 by using the read head el enent. Additionally, |ater-described new 5
servo patterns are witten on the disk by using the wite head el enent.
Here, the disk drive has, as showmn in FIG 5, a VCM SPM driver 51, a

m cr oprocessor (CPU) 52, an RAM 53, an ROM 54, a gate array 55, a head
anplifier IC 10 56, a.read/wite (R'W channel 57, a disk controller (HDC
58, and a buffer RAM 59 as well as the drive nmechanism1l. The VCM SPM
driver 51 is a gptes gatvernWpbghoaanthobs the SRV41l.and the MEM 14 to be

driven. The 15 CPU 52 is a main control device for the disk drive and, as

described abovepatters;aamahDcpaitieh thetr @RIEW bheca2aERR! 2hobréaka
including a regular head positioning control and the servo witer. The

53 and the ROM 4laeeofieavtiraski nnihi bhsadpoageas bhsthesd@vePPadZeand
various kinds of data are stored. The gate array 55 is a circult
correspondi ng toeprsdugedcont tbel beadhpobhiexenatieatgeher abirgatof vari ous
signals such as a servo signal or a sector pulse or an input/output
control . The heRdshhrprifierd| &€ 56res wuppki ssis whadhwiirtiéesi ghal neet ween
the head 12 and the R'Wchannel 57. The R/ Wchannel 57 is a processing
circuit for  SgVOotpatterd/ ari Feesynkl nedhumr ¥pEbdtibesheatabyser vo and
user data) froma,read signal read by the head 12. Further, the R/ W channel
57 converts (re%%%ﬁgnﬁr%ﬁgoﬂ?ﬁbyngé r dRAgTBAtACRi ABFdBARE Ann&Weservo 5
pattern) output. fromthe HDC g i nto 8 %gcor i_n siggal, and outputs it to
the head anplifiafifCBEVC ThHE 8NEohBEI POEEEtaK el Heer f ace between the

§‘s? ﬁg:{ e buf { e @ﬁﬁﬁ%%gﬁﬁ?ﬁéﬁ%@ W ;%ﬁ%ﬁféeﬁ@%ﬁ%t or 2

Ly . structure ot Servo W S e .
functi ons of the HOC 28, *FRarRaRy B0 ArRVERER,” BRLSK ¥ VR oT RS o7
The servo WWitein2aﬁ@U88$¥ti§uE§a£i§§§tr8§pgﬁéi¥EeE§@EFEg@5nOf-a cl ock

processing unit 20 which is used to generate various nds of clocks, a

servo pattern wilestifate 2dmbodgnanbeadrpeskt i APEAGi6ANt hAW ¥RGktR32r The
cl ock processing unit 20 realizes a clocking 20 function which determ nes a

write timng whebthr thé ngemenaetedsacyipenonegyoepatbeta. appeehki cally, the
cl ock processing unit 20 determines this wite timng in a disk rotation
direction baseddebaihedbdsscrietvonpatt tha emaddbwenssngivee beadwl2 (read
head el ement). 25 The servo pattern wite unit 21 supplies a servo signa
whi ch islused t9eH¥etec acxieheter Voepprivchrdast hé thekih@ebyiosi.ng the head

12 (wite head elenent&. . _
FIG. 1 is a block diagram showing a structure of

a disk drive including a servo writer function
concerning an embodiment according to the present
invention;
20 FIG. 2 is a view showing a format of a servo
pattern concerning the embodiment;
FIG. 3 is a view showing a recording state of a
basic servo pattern concerning the embodiment;
FIG. 4 is a view showing a recording state of a
25 new serve pattern concerning the embodiment;
FIG. 5 is a block diagram showing a primary part

of a disk drive concerning the embodiment;



. _ g'_ The head positioning control unit 22 executes a positioning control
over the head 12 by controlling the actuator 13 (which is actually the VCM
14) based on the basic servo pattern read by the head 12 (read 5 head

el enent). That is, the head positioning control unit 22 executes the head
positioning operation with respect to a radial direction of the disk 10. It
is to be noted that a positioner as an extgrnal positioning nmechanismor a
clock head is not 10 required in the disk drive according to this

enbodi nent. Furthernore, since the disk drive including the servo witer 2
is in a sealed stategrg.cke 0 LS i iired_ ei I r . the
servo witer 2 may be eIiniﬁgtgdnggn%?%gsﬁggﬁﬁggtSﬁegq%gegrgﬁ%g%?@é by
erasi ng a progranystheedmbodiienaenory nmounted on the PCB after conpletion
of witing of a new servo pattern. As shown in FIG 2, the basic servo
pattern 100 conprise§Ia.fdr st awkiel hasuatpeeanhl @ pPeEbirdl ngs@bwa -20 AGO
30, a servo mark portion 31 and a gap 34 and al so has an address code
portion 32 and hBiseroé bunsw pervbopatPetrn Bpnadd8rasnfBithepembbanmenthe
address code portion 32 has a sector address and a cylinder address (track
positionaP informati 8AF-28 decer dédwchersi nlllkérséing wr precedudet eft s a
track position (position in the radial direction) of the head 12 based a
cyli nder addres® PeR¥CbYrihe AeaHatpPon conggrnpgdi thenambpdimhetservo
witer 2 obtains a dg&gil d. position in_a track (cylinder) by using servo
burst patterns Ato ecOr d8d3i H1EHelddPFETBGAEY PoPERER ¥FitPhat is, the

i 2 5 iti i i i h d 12 d
Got oo mes h o PSR 30 e PR L b R O h el el he sarvo
i nf ti . i h A, it t hod
according Lo thi s enbodr mogt LE0SuEt P BR be GA0eFFREATS nPFerEREEe 1o
FIGS. 3,14, 6 apd ’Zhépgeﬁv&lxgﬁ’lfsé‘;%%&f:aa%x éonéérﬁtﬂﬂg?ahetﬁ'e‘ 3, the

servo witer 2 according to t odi ne carrres o a pogftioning
operation for t&gpb8adedf. by using the basic servo patterns 100 15 recorded
on the disk surface in advance, and executes an operation of witing new

servo patterns 200 on tETskil b sge iGN OF THE NEYLISEIM® pattern 200
conprises the sane format as that of the basic servo pattern 100, and is 20

recorded on each di skmbodimertsnatberdial t0. tAs shewanitnibkGnt4ont he servo
witer 2 records the new servo patterns 200 on rear stages in the
circunferential Wik eeewope wilebcrispacvitb thfebaste sertvhepatterns 100. In
FIG 4, an arrow neans a_rotational
15 accompanying drawings.
(Structures of Disk Drive and Servo Writer)
FIG. 1 is a block diagram showing a structure of
a disk drive having a servo writer concerning this
embodiment. FIG. 5 is a block diagram showing a
20 primary part of the disk drive.
(Structure of Disk Drive)
The disk drive according to this embodiment has,
as shown in FIG. 1, a disk drive mechanism 1 and a
printed circuit board (PCB) 2 having a circuit group
25 which realize a function of a servo writer mounted

thereon. As will be described later, a CPU 52 or an

HDC 58 is mounted on the PCB 2 (see FIG. 5). A servo



. 25 direction of the disk 10. In other words, the servo witer 2 perforns
processing of rewiting the new servo patterns 200 by using the basic servo
- 11 patterns 100. Here, when incorporating the disk 10 in the drive
mechani sm 1, the basic servo pattern 100 previously recorded on the disk
surface includes an offset 5 quantity. The servo witer 2 wites each new
servo pattern 200 by using this offset-quagitity. A definition of the offset
gquantity and its nmeasurenment nmethod will now be described. As shown in FIG
6, for exanple, a positional 10 error quantity (track unit) of a position

froma rotati Onwﬁfﬂéﬁra@@o%@?né‘cwal:ﬁgr gﬁbbagﬁénw £8 ;&%E?EE&B Atrhe

reference val ue (concentric circle) of a distance froma rotdtion

center of the désk 49, |ﬂh@nHD@n§8n8§ttEérQHﬁEere@Bh§|w@i@ab@an@@rgbak i's
defined 15 as an of f set guantity 610. Wth the head 12 bei ng noved to cone

into contact with asshoppevoiwritey. 2 BBrennertper rpheenk gdhkeckiron (which
may be an outer peripheral direction) on the disk 10, the servo witer 2
cal cul ates thi scofifgeieequantity 610 based on a position when a cylinder
address of the basic servo pattern and a servo burst pattern are read by
using theShead 12. The Shevdieki tlzive secbsnasmoflf see ‘akoeposatespandi ng
to the neasured offset quantity 610 in, 25 e.g., the RAM 53, and nakes
reference to thisskal bewhieh pér@btﬁﬁhgdatpaﬂespaedéﬁlmeHOSeKSBMMWﬂﬂe
operation. Table information indicative of each - 12 offset val ue

cor r espondi ng t%n% ketebrdadaresd Baadaliéyrhhgr igdapeaEefsosapdd in the

RAM 53. actuator 13. The actuator 13 is a mechanism which is

driven by a voice coll motor (VCM) 14 and moves the
10 head 12 in a radial direction on the disk 10.

In the disk drive according to this embodiment is
incorporated the disk 10 having a disk surface on
which basic servo patterns (which will be referred to
as base servo patterns or BSPs in some cases) are

15 recorded in a circumferential direction at predeter-
mined intervals by a regular servo track writer. The
contents of the basic servo pattern 100 are the same
as of a regular servo pattern (corresponding to a new
Servo pattern.which is newly recorded in this

20 embodiment) (sée FIG. 2).

Moreover, the disk 100 comprises one or more disk
platters, and has two or more disk surfaces. The
basic servo patterns 100 are recorded on one disk
surface alone irrespective of the number of disk

25 platters.

The head 12 has a structure in which a read head

element which performs a read operation and a write



. A description will now be given as to a procedure of the servo wite
operation corresponding to one 5 track concerning this enbodi nent with
reference to FIG 7 and the flowhart of FIG 8. The servo witer 2 causes
the head 12 to seek based on the basic servo patterns 100 until it reaches
a target track (step S1). For exanple, as shown in 10 FIG 7, the head 12
is nmoved to a track position at an innefnost circunferential cylinder
address 77 of the basic servo pattern 100. The servo witer 2 waits until

t he seek operation is conpleted and the servo wite operation begins 15

(step S2). Themehhes seny¥RtWhi€h 2aL88ds bhe Bagkereer¥erRatLar 4,00 which
was passed inmmedi ately before by using the head 12, and obtalns a sector

address as a rembhhBe@Penaki gniliarget thstrpsnéddand, Séhe Hhsiseswevwriter 2
acquires an offset value from20 the table information stored in the RAM 53

based on the obpatbetnsetbosreddresd andmathar gekkcybi bgetsadgr ess (700)
(step S5). The servo witer 2 calculates a new cylinder address (710)
obt ai ned by addiegdtheadf ésenentl ueAtidithentaiget leykbrndescaddrdssae®s (700}
(step S6) . The servo witer 2 prepares a new servo pattern 200 incl uding
this new eyl i ndéervddpetserzsoyreangittenign ﬁhﬁtéésgtbatuaipqsthEon
follow ng the basic servo pattern 100 as shown in FIG 4 (step S7). The
servo witer 2 YepeatRe2fechBBOBdescri bed processing until the new servo
patterns 200 corre 5 ondigg to gne track are witten gste S8) . Further,
tPRedafév

S :
the servo witer 2 rﬁﬁgﬁts 8rd¥8cPPBed 25r EO¥E A With resfect to
the entire dis r e . of the_disk 10. Here, as sh in_FIG 7, the servo
witer 2 10 car¥§¥é§§@ %thﬁFc§?rnae?l568P58§e§§6rog&§Pkeé by 28d&fNg t he

of fset value w r t he er krc erential .cylinder address
720 of the basi%géegégﬁggt%gfnglggggTﬁg?g&ssbé %gﬁgagr %plﬁ%gﬁg g W servo

R L e R i L
W th (HDC) 58, and a buffer RAM 59 as well as the drive
mechanism 1.

The VCM/-SPM driver 51 is a motor driver which

controls the SPM 11 and the VCM 14 to be driven. The
15 CPU 52 is a main control device for the disk drive

and, as described above, it is a main part of the

read/write control for data including a regular head

positioning control and the servo writer. The RAM 53

and the ROM 54 are memories in which a program of the
20 CPU 52 and various kinds of data are stored.

The gate array 55 is a circuit corresponding to a
servo controller which executes generation of wvarious
signals such as a servo signal or a sector pulse or an
input/output control. The head amplifier IC 56

25 supplies a read/write signal between the head 12 and

the R/W channel 57.

The R/W channel 57 is a processing circuit for



. respect. to a data area 740 of the basic servo pattern 100 which is not
adjusted with the offset quantity. It is to be noted that reference nuneral
750 20 denotes a parking (ranp) nenber 750 which is used to retract the
head 12 in FIG 7. It is to be noted that the offset quantity to be used
may be the sane value or different values with respect to all the sectors
on the servo track. 25 However, the same offset quantity nust be used for
the servo patterns having the sane sector address. As described above, in
the servo wite nethod - 14 according to this enbodi nent, the offset
quantity neasureﬂebaéad/aaiteesbgﬁhg,sgﬁaoregkb@ﬁeeéOQatgcgggﬁeooanhhe di sk
10 in advance is used, and the new servo pattern 200 including the cylinder
address adj ust edsbrwilhbaj héroff seteh8 BibhbhenrehB Byhehewneds, 1bhe basic
servo pattern 100 including the offset can be rewitten into the new servo
pattern 200 froRuwnhheh,t heeoRfWethbaneli B7nabadtertbenetesvedihy appl ying the
met hod according to 10 this enbodi nent to the disk drive, the head
posi ti oni ng opeeatPdhngs erecutiédgbdstd dnanthednaw senew pattern 200 with
which the offset is adjusted, thereby elimnating positioning conpensation
processi ng usin@aih@r6$f@étpqﬁaﬁrpmythﬁ HRe 38 pospt ronkagrdpegation. As a
result, the offset value corresponding to this offset quantity does not
have to be save®:¥R2thedREnBryPBEst hE 8Pskhar heed pEplifisrpéCnédfed t hat

t he basic servo pattern i,s erased by overwiting at a step of recording
20 user data by the ﬁéﬁdﬁgg BgsFPPS%éﬁu%§§eénoﬁnFﬁ§%ﬁ§W betvsepaittern 200

after product shi .0f the disk drive, In_this case, as sho in FIG 7,
si nce 2 part ofg%ggﬁggéy §ervo §8§Eeﬁxsiﬁﬁ ancﬁa iﬁéeFngEyF?HBEP addr ess
700 ded i i - i i, i t of th

Fange of o regursafsler LOACEBICBICRLIAR, ERLCHTERLEMEAR 5800  dacy on the

di sk, itigemi ngseputPErdi 8k 40rvo wripPerfurthernore, after term nation of
the servo wite operation, an erasing step of erasing the basic servo

pattern 100 remai ni ngnhenskheodiyek +29 panake taddedyt 6ot Be AaAYiact uri ng
step. 5 (Another Enbodinent) FIGS. 9 and 10 are views concerni ng anot her

enbodi ment. Thisoetbed} mendl Lel akesitedabyetyolWeihg wekpedtior witing a
new servo pattern whose sector address is shifted for a quantity
correspondi ng tbuactions of the HDC 58, the head amplifier IC 56 and
the R/W channel 57. The servo writer 2 roughly
15 realizes respective functions of a clock processing
unit 20 which is used to generate various kinds of
clocks, a servo pattern write unit 21, and a head
positioning control unit 22.
The clock processing unit 20 realizes a clocking
20 function which determines a write timing when writing
a necessary new servo pattern. Specifically, the
clock processing unit 20 determines this write timing
in a disk rotation direction based on the basic servo
pattern read by using the head 12 (read head element).
25 The servo pattern write unit 21 supplies a servo

signal which is used to write a new servo pattern on

the disk 10 by using the head 12 (write head element).



. 10 head switching time (head skew tine) for each di sk surface when setting
addresses on each disk surface of the disk 10. A principle of an access
operation involved by a head switching operation will now be described with
15 reference to FIG 9. As shown in FIG 9, in a disk drive in which, e.g.
two disks 10 are incorporated, it is assuned that the head is |located at a
gi ven position 900 on the disk surface -of dhe-first disk before head 20
switching (head change). At this tinme, when the head switching operation is
executed and sectors on the disk surface of the second di sk are accessed,
the head is releahévebydnpyedtbynangi sbanes194Aief 2a gaevarsacyor nunber N
corresponding to the head switching 25 tine. Thus, the servo wite nethod
according to thbssevboningntonewit esethehsengadpabt BiyncbAtebden nko - 16
obtain a position 920 with which sector addresses which are continuously
accessed after bteuactnseooflBhéwhead $wi bchiaglat theeVeMme 40f baegdent i al
access are distanced by the servo sector nunber N correspond 5 ing to the
head switchi ng ehnkhe Thasi¢ssermot hattiesk dehdebyhiheahdrst ddcdread
corresponding to the head switching tine advances for the servo sector
nunber N,2if a hexd aderess) of &hphsisseEherhaddregsithonipgagontrol
corresponding to tEe %irst 10 disk surface is a top sector address of a
head 2 correspohdthg?f oc¥REUEBEohBCdSRISHPFALLONERE SBEYETARNL MR s

witten in ch_a manper that a,sect.or addre correspondi to the head 2
plgced d:rei?lyr%%P%ﬁ£a£ge§tB?Qéégrgégeﬁg&8pfégpgh8iﬁgsgohﬁﬂe head 1 15.
becones.the | ast ;ecE?rigdgregg.nBﬁ %uggag serv%.ﬁfk}ernethod, phe
read/wite operation fof "data n &% p egtBP_& ﬁ_ﬁ@ star £&d i mredi atel y
after completion,of -head,quit ¢0haq"RERNORIdSHE! CNiAg QCRILS 3L thg time
of sequential 20 access. procedure of the servo wite operation

correspongi ng tpeqfifded PREthEagksw hkipawabeodaseli Bedewith reference to a
flowchart of FIG 10. Here, a head used for positioéning (tracking) is 25

determ ned as aemeb@iesne. herdrthBemarbeadiaseathel teskaugelel s determ ned
as a target head. First, the servo witer 2 causes the reference head to
seek until - Prdcludineathessartrar getterackibasaedaosebhedbasiad¢esernvo
pattern 100 (step S11). The servo witer 2 waits until the servo wite
operation startsleponrcompiet hoh oequheedeektbperat Momepseep 8b2). 5 Then,
the servo witer 2 reads the basic servo
servo writer 2 may be eliminated from the manufactured
15 disk drive by erasing a program stored in the memory
mounted on the PCB after completion of writing of a
new servo pattern.
As shown in FIG. 2, the basic servo pattern 100
comprises a format which has a preamble portion (servo
20 AGC) 30, a servo mark portion 31 and a gap 34 and also.
has an address code portion 32 and a servo burst
portion (A to D) 33 as main portions.
The address code portion 32 has a sector address
and a cylinder address (track positional information)
25 recorded therein. The servo writer 2 detects a track

position (position in the radial direction) of the

head 12 based a cylinder address read by the head 12.



. pattern 100 whi ch was passed i medi ately before by the reference head, and
obtains a sector address which becones a base (steps S13 and S14). The
servo witer 2 acquires a servo sector nunber N corresponding to a 10 head
switching tine fromthe reference head to the target head (step S15). The
servo witer 2 calculates a new sector address obtained by adding the servo
sector nunber N to the acquired sector -addmess (step S16). The servo 15
witer 2 prepares a new servo pattern 200 including this new sector
address, and wites it at a position follow ng the basic servo pattern 100
(step S17). The servadwiitiehad 1kePeaks skh&cahee=adesciked ngr gcessi ng unti |
the new servo patterns 200 20 corresponding to one track are witten (step
S18). Moreover, debeisegvpowtittien 2nrepeakskt heyabevedessri bednpgr eeessi ng
with respect to the entire disk surface of the disk 10. If the
above- descri bedbsestopatiibenseihod Dsr2boadepgt ed, thee skirve buegthead
swtching to data access at the tinme of sequential access can be reduced
wi t hout havi ng RospéchaB3of f §batt abl etbe skevbi keiter- 218xeAntrmeni oned
above, according to each enbodinent, it is possible to provide the disk
drive havPng t hBo§éEdendhEt errgaEiranfer ®het hegct B@ ned setesmpacstesn
based on an offset quantity included in the basic 5 servo pattern.
Therefore, it igrﬁEg Ree&sLary LIPS 8t BRY PREVET PetteghaResey PR tthe menory
or execute the gositionin? c%nﬁengation o%%ration based on the offset
quantity in theSREZ8 pBEPEMBHERG dFEFYPi BRTCAJASY i'onal advant ages and
nodi fications mﬁgg %0 e§gilﬁ g cgr to those skilled in the art. Therefore,
sLasr sEp8

the invention iﬁ Pt gs is not limted to the specific details

and representative eﬁb%gir%nw%@o\jm\ﬂ@ttﬁgﬁ %g%%gﬁi?%gt}g gérrﬁqi%g orﬂid}g{ Yy,

various nodifications may be made Spirit or

scope of 1phe geperal nbRveRt LRB EIREAPL 128 defreRed Y ttoh%&%%mg(éed;,cleai s
and their equivalents. - 19 WHAT IS CLAIMED 1'S: 1. A disk drive

conprising: a hgad whiheh ee¢obgshakrtr egr gddcesg data i ncluding a new servo
pattern with respect to a disk nedium5 having a disk surface on which a

basi ¢ servo pattern ks seoenddt MIGAdBINGte &V Wrdrigdly 2 Gridcdd iy t
whi ch positions the _
to this embodiment carries out a positioning operation
for the head 12 by using the basic servo patterns 100
15 ' recorded on the disk surface in advance, and executes
an operation of writing new servo patterns 200 on the
disk 10 (see FIG. 4).
The new servo pattern 200 comprises the same
format as that of the basic servo pattern 100, and is
20 recorded on each disk surface on the disk 10. As
shown in FIG. 4, the servo writer 2 records the new
servo patterns 200 on rear stages in the circum-
ferential direction with respect to the basic servo
patterns 100. In FIG. 4, an arrow means a rotational
25 direction of the disk 10. In other words, the
servo writer 2 performs processing of rewriting the

new servo patterns 200 by using the basic servo



. head at a target position on the disk nedium based on the basic servo
pattern reproduced by the head or a 10 new servo pattern; a calculation
unit which calculates an offset value of a track unit based on the basic
servo pattern reproduced by the head positioned at the target position; and
15 a servo wite unit which wites the new servo pattern on the di sk nmedi um
with the head by using track positional infiormation included in the basic
servo pattern and the offset value. 2. The disk drive according to claim1,
wherein 20 the head serves as a read head and a wite head which records or
reproduces userpgleta@rmst hopespect to the disk nedium 3. The disk drive
according to claim1l, wherein the calculation unit calculates as the offset
val ue a 25 positionalHeee;owhguanhcbypbetweey aheeHes&ne® positheodrfivem a
rotation center of the di sk nmedium and an actual position froma rotation
center of tracksechan2dm tepnshetbasilcbasedoopatherbasdd peevaopaflyyern. 4.
The di sk drive according to claim1l, wherein the positioning control unit
posi tions the headonded onrtee poskt sunfbasednohutlhe aswofésed pattern when
5 recording user data on the disk nedium 5. The disk drive according to
claim 1, %herei@uankliysk Fedi aarent¥ritarstavsitaswarch nREr 6ek&muins a
part of a basic servo pattern other than the basic servo pattern which is
erased when theP@5efrRatq0i 8Y18StBEoFhad BY IFRE ABARTLEY-The disk drive

ding to claiml, wherein the disk medium ent tate in which th
bacic Servo. pal GBI HRRASS Bhr ENBY Of RSSho eBryEVpahtonh or BRAFHEFRE

I nnermost cireupfef sty 1 Shd§ BLCBe8briBea.
As shown in FIG. 6, for example, a positional
10 error quantity (track unit) of a position from a
rotation center on the actual servo track with respect
to a reference value (concentric circle) 600 of a
distance from a rotation center of the disk 10 in an
innermost circumferential area on the disk is defined
15 as an offset quantity 610,
With the head 12 being moved to come into contact
with a stopper in, e.g., an inner peripheral direction
(which may be an outer peripheral direction) on the
disk 10, the servo writer 2 calculates this offset
20 quantity 610 based on a position wheh a cylinder
address of.the basic servo pattern and a servo burst
pattern are read by using the head 12.
The servo writer 2 saves an offset value
corresponding to the measured offset quantity 610 in,
25 e.g., the RAM 53, and makes reference to this wvalue
when performing a later-described servo write

operation. Table information indicative of each



.15 outernost circunferential side area other than a data recording area in
whi ch the user data is recorded by the head. 7. The disk drive according to
claim1l1, wherein the disk drive has a plurality of heads correspondi ng 20
to the nunmber of disk surfaces of the disk nedium and the servo wite unit
wites the new servo pattern froma position corresponding to a switching
time involved in a head swtching operati op waen witing the new servo
pattern over different disk surfaces. 25 8. The disk drive according to
claim1l1, wherein the disk drive has a plurality of heads corresponding to

the nunber of disksstryaces @érf@@?gﬁéfn@9g59§!séegor aadteskhengepvo wite
unit wites the new servo pattern froma position Correspondl ng to a

switching tinme ¢pvohaer addpebeadssubatedi ng eper ahmopzwhen writing the new
servo pattern over different disk surfaces. 5 9. A nethod of witing servo
data in a disk drivea dhecdipkidni welinabwdbaggavdnsksnedi anpebceduek a
basic servo pattern is recorded in advance and a head which executes a
read/ wite operafiome ofeda awi hte udpagabiser gorpaspendingheonehbod
conprising: 10 positioning the head at a target position on the disk nmedi um
based on 2 he basfacke¢orcparieynthiependodingnthwibhsrefseenoeptpt ern by
using the head positioned at the target position; calculating an offset

val ue of a track!@nif ddebhastbaveherba’fcFi€rv8-pattern; and witing a
new servo pattern on_the disk nediumw th the head b usin%Strack

h
posi tional informatiGASi AEFUGeHhethe SQEFESsgpﬁohﬁégté?n ndSEKe of f set
| ue. 20 10. Th t hod di t laim9, wh i h | cul at i
cal cui ates as (HES ST Oe T Lo HE pORFTS oRaF FEFPSr LAUaHEFLy bot HEGADES.
f it] i f _the_disk di d. t
bosi 11 on from & roridE B Eealh Al bR PRRLEL Bor  BRalbER( cRoLERAROAR o basi c

servo pagern. ddc The eRLhods goger dlndobOackal I Brshcpabncibg e Ling

cal cul ates new track positional information _ ing the track
posi tional infofrmméfdsenditbenpétsstiyal ¥91iaRdrWvahlieasthe7ngw $gkvVO

pattern in accordance
basic servo pattern 100.
The servo writer 2 waits until the seek operation
is completed and the servo write operation begins
15 (step S2). Then, the servo writer 2 reads the basic
servo pattern 100 which was passed immediately before
by using the head 12, and obtains a sector address as
a rewrite operation target (steps S3 and S4).
The servo writer 2 acquires an offset value from
20 the table information stored in the RAM 53 based on
the obtained sector address and a target cylinder
address (700) (step S5). The servo writer 2
calculates a new cylinder address (710) obtained by
adding the offset value to the target cylinder address
25 (700} (step S6).
The servo writer 2 prepares a new servo pattern

200 including this new cylinder address (710), and



.wWith the new track positional information. 12. The nethod according to
claim9, wherein the 5 disk drive has a plurality of heads corresponding to
t he nunber of disk surfaces of the disk nmedium the nmethod further
conprising: witing the new servo pattern froma position corresponding to
a swtching time involved in a head 10 sw tching operation when witing the
new servo pattern over different disk surfaces.
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a] ca8>ZaBF 10% & ()- 109 & ()- MLO%
10% & ()-! @ @3A0PEUkEEYeABZX93cy linder address 720 of the basic

9 10% & ()-191110% f & ()-|9I|1096 & ()-191110% " & ()-!191110%& ()-F
:10% & () - SEaB&y @ TO0% AL tErh&YBVI0% A& ()Ls, al@dt& &GYre& 18%Re( hew3
*flO@S&f()- )10% & ()- Efgh@i!10%i & ()-b8 &s10%& ()-910%4& ()- 10" 10"
10" t10% & ()sSrwBlpat8eEn- gpe FfariXOWGHifhOediRabyeZbbyweddtHe ()-Z
15 innermost circumferential cylinder address 710 and the
outermost circumferential cylinder address 730 with
respect to a data area 740 of the basic servo pattern
100 which is not adjusted with the offset quantity.
It is to be noted that reference numeral 750
20 denotes a parking (ramp) member 750 which is used to
retract the head 12 in FIG. 7.

It is to be noted that the offset quantity to be
used may be the same value or different values with
respect to all the sectors on the servo track.

25 However, the same offset quantity must be used for the

servo patterns having the same sector address.

As described above, in the servo write method



C110%8 ()-! &y"10% 1 & ()-: ! &y" 10%HH&' ()-: ! d! 10%d& () - bP

rP@#' 109 i & 109% 1i 1& ()-L10%4& ()- 10 10 10'. "109& ()-'!. "109%HH& () -
DczX9P@, ) 10944& ()-! , ) 109& ()-!& 109%HH& ()-! & 109%{ & () -

910944 ()-! & 10% H H& ()-*+, -3} oP@, ) 10%4y" 10%4& ()- 10HH 10HH

10HH! 0" 109%4H& ()-Z ! 0"10%4H& ()-Z !, 109%H& () - 3=7f z[ 9P@ ! 10%HHE& () -

10948 () -! Y" 109%4HHE () -f!"109& ()-fs! 10%&' §)- @xs! 10%HxH& () - @' BzX6P@ @: 1
0%44H&' ()-! 0! 10%4H&' ()-! 0! 10%H& ()-!% "10%&' ()-F ! % " 10%H& () - F

| 109&' () - BCDEK) r P@ @: 10%H! 9" 109& ()- 119" 109®5& () - 1! 39" 10%

& ()-1L109%6& () .
10|(4)H$zxaP@A9" 1%%%%%%9%" oo T3os T Ee ™ be5a DTS TosP P 2 Yo  100& ()-1

19" 10%h& () - lUheDdured 108683 (dpn tROWEs( - ¥eif a@kerioﬂbolQQEorded
10hh! 9" 10%h& ()-1!9"10%&k ()- 1EzdBr S4 417 10%1H& () - 109& () - 109%& () -
10%4&' ()-s! 10%&h (the 1Q%K' (D- ylaBrSAce is used, and the new servo
pattern 200 including the cylinder address adjusted
5 with the offset is written. In other words, the basic
servo pattern 100 including the offset can be
rewritten into the new servo pattern 200 from which
the offset is eliminated.
Therefore, by applying the method according to
10 this embodiment to the disk drive, the head
positioning operation is executed based on the new
servo pattern 200 with which the offset is adjusted,
thereby eliminating positioning compensation
processing using the offset quantity in the
15 positioning operation. As a result, the offset value
corresponding to this offset quantity does not have to
be saved in the memory of the disk drive.
It is to be noted that the basic servo pattern
100 is erased by overwriting at a step of recording
20 user data by the head 12 positioned based on the new
servo pattern 200 after product shipment of the disk
drive. 1In this case, as shown in FIG. 7, since a part
of the basic servo pattern 100 (including the cylinder
address 700) recorded in, e.g., the innermost
25 circumferential area is out of the range of a regular
data area (area in which user data is recorded) on the

disk, it remains on the disk 10.
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pattern 100 remaining on the disk 10 may be added to
the manufacturing step.
5 (Another Embodiment)

FIGS. 9 and 10 are views concerning another
embodiment. This embodiment relates to a servo write
method for writing a new servo pattern whose sector
address is shifted for a quantity corresponding to a

10 head switching time (head skew time) for each disk
surface when setting addresses on each disk surface of
the disk 10.

A principle of an access operation involved by a

head switching operation will now be described with
15 reference to FIG. 9.

As shown in FIG. 9, in a disk drive in which,
e.dg., two disks 10 are incorporated, it is assumed
that the head is located at a given position 900 on
the disk surface of the first disk before head

20 switching (head change). At this time, when the head
switching operation is executed and sectors on the
disk surface of the second disk are accessed, the head
is relatively moved by a distance 910 of a servo
sector number N corresponding to the head switching

25 time.

Thus, the servo write method according to this

embodiment rewrites the servo pattern in order to



. &10%¢& ()-y&10%& ()- 10550..///F00zX6+@ ' F43"10%& ()-! F43"109%%5& () -
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, 8109&' ()-9L610%& ()-3 |410%&k ()-56L6| 6667dELCI!i 10% & ()-10% & ()--
10% & ()- 10% &Ktain a position 920 with which sector addresses

10% & ()-,10% & ()-727 77h888dEbCI il %40% & () -&#10%W & ()- 10% & ()- &,
109% & () - L10% &wii)echZd0806 &0} iRBEAYDP99dERBESEE a@8d0%&c(ikxrence of
10 & ()-& 310% & ()- +YI0%W & ()-Y ,)10% & () - .
L' 10% & ()-9: E:the:headVYbitchify 46" th6" BimeMb@Y¥s&g(pntial access
are distanced by the servo sector number N correspond-
5 ing to the head switching time.

That is, in the disk drive that a distance
corresponding to the head switching time advances for
the servo sector number N, if a next address of a last
sector address in a head 1 corresponding to the first

10 disk surface is a top sector address of a head 2
corresponding to the second disk surface, the servo
pattern is written in such a manner that a sector
address corresponding to the head 2 placed directly
below a sector address 0 corresponding to the head 1

15 becomes the last sector address.

By such a servo write method, the read/write
operation for data in the top sector can be started
immediately after completion of head switching when
head switching occurs at the time of sequential

20 access.

A procedure of the servo write operation
corresponding to, e.g., one track will now be
described with reference to a flowchart of FIG. 10.

Here, a head used for positioning (tracking) is

25 determined as a reference head, and a head as a write

target is determined as a target head. First, the

servo writer 2 causes the reference head to seek until
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5 Then, the servo writer 2 reads the basic servo
pattern 100 which was passed immediately before by the
reference head, and obtains a sector address which
becomes a base (steps S13 and S14). The servo writer
2 acquires a servo sector number N corresponding to a

10 head switching time from the reference head to the
target head (step S15).
The servo writer 2 calculates a new sector
address obtained by adding the servo sector number N
to the acquired sector address (step S16). The servo
15 writer 2 prepares a new servo pattern 200 including
this new sector address, and writes it at a position
following the basic servo pattern 100 (step S17).
The servo writer 2 repeats the above-described
processing until the new servo patterns 200
20 corresponding to one track are written (step S18).
Moreover, the servo writer 2 repeats the above-
described processing with respect to the entire disk
surface of the disk 10.
If the above-described servo write method is
25 adopted, the time from head switching to data access

at the time of sequential access can be reduced

without having a special offset table or the like.

" 10%
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it is possible to provide the disk drive having the
servo write function of writing the new servo pattern
based on an offset quantity included in the basic

5 servo pattern. Therefore, it is not necessary to
store the offset quantity in the memory or execute the
positioning compensation operation based on the offset
quantity in the head positioning operation.

Additional advantages and modifications will

10 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
modifications may be made without departing from the

15 spirit or scope of the general invention concept as

defined by the appended claims and their equivalents.
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1. A disk drive comprising:

a head which records or reproduces data including
a new servo pattern with respect to a disk medium

5 having a disk surface on which a basic servo pattern
is recorded in advance;

a positioning control unit which positions the
head at a target position on the disk medium based on
the basic servo pattern reproduced by the head or a

10 new servo pattern;

a calculation unit which calculates an offset
value of a track unit based on the basic servo pattern
reproduced by the head positioned at the target
position; and

15 a servo write unit which writes the new servo
pattern on the disk medium with the head by using
track positional information included in the basic
servo pattern and the offset value.

| 2. The disk drive according to claim 1, wherein

20 the head serves as a read head and a write head which
records or reproduces user data with respect to the
disk medium.

3. The disk drive according to claim 1, wherein
the calculation unit calculates as the offset value a

25 positional error quantity between a reference position

from a rotation center of the disk medium and an

actual position from a rotation center of tracks
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constituted based on the basic servo pattern.

4. The disk drive according to claim 1, wherein
the positioning control unit positions the head at a
target position based on the new servo pattern when

5 recording user data on the disk medium.

5. The disk drive according to claim 1, wherein
the disk medium enters a state in which there remains
a part of a basic servo pattern other than the basic
servo pattern which is erased when the user data is

10 recorded by the head.

6. The disk drive according to claim 1, wherein
the disk medium enters a state in which the basic
servo pattern and a part of the new servo pattern
remain in an innermost circumferential side area or an

15 outermost circumferential side area other than a data
recording area in which the user data is recorded by
the head.

7. The disk drive according to claim 1, wherein
the disk drive has a plurality of heads corresponding

20 to the number of disk surfaces of the disk medium, and
the servo write unit writes the new servo pattern
from a position corresponding to a switching time
involved in a head switching operation when writing
the new servo pattern over different disk surfaces.
25 8. The disk drive according to claim 1, wherein
the disk drive has a plurality of heads corresponding

to the number of disk surfaces of the disk medium, and

105
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from a position corresponding to a switching time
involved in a head switching operation when writing
the new servo pattern over different disk surfaces.

5 9. A method of writing servo data in a disk

drive, the disk drive including a disk medium on which
a basic servo pattern is recorded in advance and a
head which executes a read/write operation of data
including a servo pattern, the method comprising:

10 positioning the head at a target position on the
disk medium based on the basic servo pattern;

reproducing the basic servo pattern by using the
head positioned at the target position;

calculating an offset value of a track unit based

15 on the basic servo pattern; and

writing a new servo pattern on the disk medium
with the head by using track positional information
included in the basic servo pattern and the offset
value.

20 10. The method according to claim 9, wherein the
calculating calculates as the offset value a
positional error quantity between a reference position
from a rotation center of the disk medium and an
actual position from a rotation center of tracks

25 constituted based on the basic servo pattern.

11. The method according to claim 9, wherein the

writing calculates new track positional information by
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value, and writes the new servo pattern in accordance
with the new track positional information.
12. The method according to claim 9, wherein the
5 disk drive has a plurality of heads corresponding to
the number of disk surfaces of the disk medium,
the method further comprising:
writing the new servo pattern from a position
corresponding to a switching time involved in a head
10 switching operation when writing the new servo pattern

over different disk surfaces.



